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ABSTRACT 

Information was needed on the fragmentation of trees and automobiles in the 

10- to 50-psi peak overpressure range of a high-explosive test, as part of a program 

to evaluate the hazards of these debris sources near certain blast-hardened 

facilities.   Toward this objective, full-size trees and automobiles were exposed at 

Event Dial Pack, a test operation where a 500-ton TNT surface charge was detonated. 

Three spruce and three aspen trees were subjected to this blast at both the 15- and 

50-psi overpressure locations, and four automobiles were placed at each of the- 15-, 

30-, and 50-psi positions, with another stationed at 10 psi. 

The fragmentations of these trees and automobile.; are described by determin- 

ing the weight distributions and size descriptions of thi   tree debris and the weight 

distributions of the automobile debris as a funct'on of overpressure.   It is found 

that about 60 percent of the branchwood weight was fractured from the trunk frag- 

ment sections of the tree species at 15 psi, and nearly 100 percent at 50 psi.   Also, 

on the av-ragc, 15, 80, 160, and 400 pounds of debris originated from each automo- 

bile at 10, 15, 30, and 5( psi, respectively.    The tree-fragmentation results from 

this project compare quite well with those obtained from similar tests conducted in 

a shock tunnel. 

<As secondary objectives, the dispersion and lofting of the tree and automobile 

debris at their respective source overpressure positions are approximated.   The 

dispersion estimates are based on the recorded ground distributions of these 

debris, and lofting estimates are gained from the high-speed movie films taken. 
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PREFACE 

Project LN108 at Event Dial Pack was performed to obtain information .MI 

olast-generated tree and automobile debris with regard to the SAFEGUARD ARM 

System (for which Bell Telephone Laboratories is doing the research and develop- 

ment) and with regard to the blast-hardened com.aun'.cation network system. 

The author would like to acknowledge E. F. Witt of Dell Telephone Laborato- 

ries for his aid in planning and conducting this investigation: A. P. R. Lambert, 

Resident Project Officer, for his able assistance in coordinating the project field 

operations: and L. Giglio-Tos of U. S. Army Ballistics Research Laboratories 

for providing pressure-transducer support instrumentaiion to obtain the project 

overpressure recordings, as part of Project LN101, vhich was under his direction. 
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[nformation was needed on the fragmentation of trees and automobiles in the 10- 
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Toward this objective, full-size trees and automobiles were exposed at Event Dial 
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spruce and three aspen trees were subjected to this blast at uoth the 15- and 50-psi 
overpressure locations, a ,d four automobiles were placed at each of '.he 15-, 30-, 
an.l 50-psi positions, wiLi another stationed at 1Ü psi. 

The fragmentations of these trees and automobiles are described by determining 
the weight distributions and size descriptions of the tree debris and the weight dis- 
tributions of the automobile debris as a function of overpressure.    It is found that 
about 60 percent of the branch wood weight was fractured from the trunk fragment 
sections of the tree species at 15 psi, and nearly 100 oercent at 50 psi.   Also, on 
the average,  15, 80,  160, and 400 pounds of debris original :;d from each automobile 
at 10,  15, 30, ami 50 psi, respectively.   The tree-fragmentation results from this 
project compare quite well with those obtained from similar tests conducted in a 
shock tunnel. 

As second irv objectives, the dispersion and lofting of the tree and autnmobiie 
debris at the:; respective source overpressure positions are approximated. 
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CHAPTER 1 

[NTRODUCTiON 

Debris sources in the vicinity of SAFEGUARD ABM sites and blast-hardened 

communication stations could be a major hazard to the functioning of these systems 

in the event of a nuclear attack.   A blast wave produced by a large-yield nuclear 

detonation near such facilities would fragment these sources and transpor: the 

resulting debris significant distances.   The high-energy impacts of this de ins and 

its accumulation are capable of causing damage to, and malfunctions of, viül system 

components. 

Essentially, the SAFEGUARD sites and the hardened communication stations 

are each designed to withstand a certain prescribed nuclear blast environment and 

the corresponding nuclear weapons effects.   This fact implies, among other things 

that the sites and stations must be able to tolerate the expected debris hazard con- 

ditions posed by nearby debris sources and associated with their prescribed design 

environment (and any less severe environment). 

1.1   BACKGROUND AND THEORY 

A debris studies program has been underway at Bell Telephone Laboratories 

to del ermine and describe the debris hazards of various typical debris sources 

associated with the above-mentioned prescribed design nuclear blast environments. 

Since buildings, trees, automobiles and other vehicles are usually the most pre- 

dominant and most hazardous types of debris sources found close to the above-stated 

hardened facilities, efforts have been primarily directed toward describing the 

hazards of these source types for the blast environments of interest.   The ultimate 

purpose of this program is to recommend appropriate proL   cive measures or 

changes to be taken in those instances where the hazard is determined to be too 

severe. 

1.1.1    Present Model.   Because of the nuclear test ban, debris hazard information 

regarding a specific source cannot be dirsctly obtained by conducting tests at the 

prescribed high-weapon-yield environments of interest.   An alternative approach 

had to be devised instead.   Consequently, a model has been developed with the capa- 

bility of predicting the debris hazard conditions of any given source for any given 

blast environment in the region of Mach reflection.   However, the model has to be 

supplemented with data on the fragmentation of the source primarily,  and on the 
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lofting and dispersion of the source debris secondarily, in the specified environment 

before an accurate debris hazard prediction can be made.   The dispersion of debris 

refers to the tangential or sideward (normal to the radial plane) movement of debris 

during transport  relative to its radial transport, in a statistical manner, while 

lofting alludes to the statistical vertical movement of debris relative to its radial 

transport.   Fortunately, the fragmentation, lofting, and dispersion data are approxi- 

mately independent of weapon yield, but mainly depend on peak overpressure or 

actually peak dynamic pressure.   Therefore this data can be obtained in low-yield 

high-explosive tests.   The transport of debris is the main feature simulated by the 

model due to strong weapon-yield dependence. 

Basically, the model predicts the blast-wave transport of all the debris gen- 

erated from a source;  the debris hazard conditions are no more than a description 

of the debris transport phase and the final debris accumulation conditions.   Before 

the model can be used, the breakup or fragmentation of the source, or an integral 

part of the source, must be known.   The source fragmentation data needed are the 

weight and size distributions, and their interrelationship, of all the debris originating 

from the source (or an integral part).   IT is information is required since the weight- 

size (shape) relation of a debris fragmeht specifies its aerodynamic characteristics 

which are necessary inputs or prerequisites for the model transport calculations, and 

in addition, numbers, weights, and sizes are fundamental parameters in describing 

the hazard conditions.   Once this data is experimentally determined for the given 

environment, the debris is lumped into groups of similar aerodynamic characteris- 

tics and its transport is estimated by numerically integrating the debris transport 

equations of motion.   A one-dimensional blast wind is assumed in these calculations 

as the environments of interes' nre in the Mach region.   The transpor- equations 

do not account for the secondary forces causing lofting and dispersion and therefore, 

approximation of these subordinate effects must also be acquired experimentally. 

Only the hazard conditions of an integral part of the source (i.e.. a single tree or a 

single automobile) need be found in this manner when superposition   of tiiese inte- 

gral results can be used by the model for estimating the overall hazard of the entire 

source (i.e., a forest or parking lot).   Superposition applies for multiple tree sources 

because a blast wind passing through a forest slrnd has shown evidence of remaining 

one-dimensional with no appreciable attenuation or increase in rise time attributable 

to the presence of trees:  Operations Upsliot-Knothole (Reference 1) and Castle 

(Reference1 2).   Similar shielding effects for automobiles can be assumed small and 

superposition used.   However, the shielding effects of closely spaced buildings 

cannot be neglected. 

In summary, model predictions of the debris hazard conditions of tree 
sources, automobile sources, and non-close building sources, are contingent upon 

, ■ '.  .     ... .x-- ^    ..   . -     .       .     ..  . 
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determining the fragmentation, lofting, and dispersion data for the single-tree, 

the single-automobile, and the single-building sources, respectively, at the environ- 

mental overpressures of interest. 

1.1.2   Previous Experiments.   The fragmentation, dispersion, and lofting data 

for various types of single-building sources were obtained in proiects that partici- 

pated in two previous high-explosive experimental programs conducted at Defence 

Research Establishment Suffield (DRES), Canada:   Operation Distant Plain in 1966 

(Reference 3i and Event Prairie Flat in 1968 (Reference 4).   The hazard of any non- 

close building source can be predicted at the environments of interest using these 

results.   Analogous tree and automobile information was needed to approximate 

their corresponding hazards.   At the present time, no theories exist to aid in the 

estimation of tree and automobile fragmertation, or dispersion and lofting of tree 

and automobile debris, in any blast environment.   Furthermore, though several 

prior experimental tests were indirectly related to the tree and automobile frag- 

mentation topics, the data acquired was usually inappropriate and inapplicable.   A 

short summary of these tesis follows. 

Trees have been exposed ir several previous nuclear and high-explosive 

tests.   However, the tesis were not concerned with fragmentation, bui with tree 

response to blast leadings, the effect of tree stands on the free-field blast flow, or 

the blowdown of trees due  to blast as a hazard and impediment to troop and equip- 

ment movement.   Some tree-debris transport and fragmentation data were indirectly 

obtained in a few of these tests.   A literature survey on this subject appears in 

Reference 5.   Unfortunately, the fragmentation data is of little value since a complete 

survey of all the debris from a single tree or group of trees is required for an 

adequate tree-fragmentation description.   Also, all of these latter tests and most of 

the other tree tests were conducted at environmental overpressures quite different 

from the design overpressures of tie hardened facilities of concern.   To troubleshoot 

and help plan this project, and obtain preliminary tree-fragmentation data, tree 

sections of various ivvv species were subjected to blasts in the shock tunnel facility 

at the URS Research Companv in December 1969 (Reference 5).   Though not thorough, 

the shock tunnel results wer,' du- only relevant tree-fragmentation data before the 

results of this project became known.   A comparison of corresponding results 

appears later in the Results and Discussion chapter of this report (Chapter 3). 

Automobiles have been subjected to several nuclear bursts in Nevada, yet 

at environments of little interest, and furthermore, the prime regard was the damage 

sustained and not fragmentation.   Jeeps, on the other hand, have been exposed to 

several nuclear and high-explosive detonations at environments of interests, but 

also for purposes of determining their damage and vulnerability under various 

blast loadings (References 6 and 7).   Nevertheless, the postshot photographs of 

ttwffiiiliiiffiff^ ...        ■   . . 
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these jeeps i;ive an ide." of their overall fragmentation under such conditions.   The 

best estimate of automobile fragmentation before this project followed from the 

reasoning that automobile fragmentation would be slightiy greater than jeep frag- 

mentation at the same blast environment.   This is because automobiles are less 

rigidly constructed, they have a larger number of loosely attached extraneous parts, 

and their tumbling transport would be larger since they have a higher dra^ per 

unit weight in a given environment. 

1.2   OBJECTIVES 

The intentions of this project were to obtain data needed on the fragmentation 

of trees and automobiles, and on the dispersion and lofting of their respective debris, 

in the 10- and 50-psi peak overpressure range of a high-explosive test.   The project 

was conducted at Event Dial Pack, which involved a 500-ton TNT surface explosion 

with the equivalent air blast environment as that from a 1-kiloton nuclear surface 

burst.   The TNT stack of this event was detonated July 23, 1970.   More complete 

explanations of these test objectives in this blast follow. 

The pi ncipa! objective was to determine the weight and size distributions, 

and their interrelationship, of all the debris fragmented from typical trees and auto- 

mobiles at overpressures between 10 and 50 psi in the Dial Pack blast.   To meet 

this objective, three aspen (a rcprcsertativ? broadleaf) and three spruce (a repre- 

sentative conifer! trees were subjectt .1 Lo the blast at both the 15-psi and 50-psi 

overpressure locations;  and lour automobiles were exposed at each of the 15-psi, 

30-psi, and 50-psi locations, with one auiomobile located at 10 psi.   Then after the 

shot, the weight and size of all the debris fragments were recorded.   The reason 

for stationing multiple sources of the same kind or specie at the same overpressure 

was to obtain more reliable statistical averages of these distributions and approxi- 

mations of the statistical variations from these means. 

Secondary ob-ectives were to determine the dispersion and lofting of the tree 

and automobile debris fragments at the overpressures where their respective 

sources were placed.   The final ground positions of all the debris fragments were 

recorded, besides their weights and sizes, to estimate dispersion.   The high-speed 

movies photographed the lofting of debris into the air since this is the most con- 

venient method of determining the extent of lofting,   ""he films were also taken to 

observe the fragmentation of certain sources and the dispersion of some debris 

during transport to aid in estimating this effect. 

A minor objective was to situate various square blocks on th ? ground and 

measure their overall blast transport.   The colic cting of this data is part of a con- 

tinuing study of the tumbling soil-fragment interaction toward refining the tumbling- 

mode transport calculations by the hazard prediction model. 

    v ■•      J    ■ 
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CHAPTER 2 

PROCEDURE 

2.1   PRESHOT PREPARATION 

Work at the test site began about 3 weeks before shot day.   Briefly, the pre- 

shot activity consisted of readying the twelve trees, thirteen automobiles, tumbling 

blocks, and four high-speed movie cameras moui.fed on top of camera poles, in 

their appropriate positions. 

Each tree was held firmly upright in position by a 14-inch-nominal steel pipe 

(1/4-inch wall thickness, 14-inch outer diameter) that encased the lower 4 feet of 

its trank.   It was an easy operation to place the twelve pipes in the ground and erect 

the trees in them.   First, an 18-inch hole was bored 9 leet into Hie ground at each 

designated tree position.   Then tne pipes, each 13 feet in overall length, were lifted 

up and lowered into the holes so I hat only 4 feet of their lengths were visible above 

ground.   Each pipe had four 3/4-inch bolt holes, 90 degrees apart, at both the 6- 

inch and 3 1/2-1001 distances from one end.   This end necessarily became the top 

end as each pipe was put into a hole.   Next   grout was poured between the walls of 

the holes and the outer pipe surfaces unLl the grout reached ground surface, making 

sure that the longitudinal axes of the pipes were vertical.   After the grout set, soil 

was shoveled into the pipes to backfill them up to ground level.   When each tree 

arrived at the site, it was painted and subsequently hoisted up and lowered 4 feet 

into its proper pipe.   Eight bolts were then threaded through the eight bolt holes 

and adjusted accordingly until the tree was vertical and centered in the pipe. 

Finally, grout was packed into the void between the tree trunk and inner pipe surface 

until the grout became flush with the top end of the pipe.   In effect, the pipe-holding 

scheme simulated a well developed root system because the trees were prevented 

from spinning with respect to the ground and froi . being uprooted when struck by 

the blast-wave drag forces.   This simulation was intended to obtain the maximum 

tree fragmentation as a function of root development, though the variation is prob- 

ably only slight. 

About 10 clays before the shot, six full-size Quaking Aspens and six full-size 

White Spruces were selected on a section of land owned by the Albertan Province 

and located about 20 miles west of Didaijury.   These aspen and spruce species were 

chosen because they are representative broadleaf and coniferous tree species, 

respectively, and readily available in the Albertan forests.   The botanical names of 
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the two test tree species are listed in Table 2.1.   Certain constraints, besides the 

qualification thaf the trees had to be full-sized, guided the selection of the six 

aspens and six spruces:   The trees chosen had to be growing close to ODe another 

in the forest to simplify and speed the cutting rmd shipping operations;  they had to 

be ie^': than 50 feet tall to prevent them from greatly overhanging the 4C-foot flat- 

bed trailers used during transit: their maximum trunk diameters had to be no more 

than 12 inches so they fit into the pipes with space for the grout;  and structurally, 

the trees had to be well-developed and not sparsely foliaged since a large quantity 

of tree debris wi's needed to observe tree-fragmentation trends.   Some approxi- 

mate properties or characteristics of the selected trees appear later in Table 2.2. 

The tree operations in the forest began just two days before the blast was 

set off.   The cutting of ;he spruce trees was started first, some 50 hours before 

shot lime.   After the initial two spruces were cut and loaded (each tree was loaded 

directly following its cutting) onto a 40-foot  flatbed trailer in the alternate fashion 

of one treetop forward and the other to the rear, they were wrapped in polyeth 'lene 

sheets, tied down, and then hauled 250 miles to the test site.   Similarly, the other 

four spruces were cut, loaded, and transported in pairs.   The cutting and loading 

procedure took, on the average, about an hour per tree.    The next day, the aspens 

were likewise cut, loaded, and shipped in twos between the 26- to 20-hour period 

before the blast.   Special care was takijn throughout the cutting and loading opera- 

tions to minimize the breakage of branches, especially in the case of the less pliant 

aspen branches; for example, following cutting, the spruces were lowered slowly 

to the ground using rope and then lifted and carried to the trailers by a bulldozer 

while, for tlie aspen trees, the blade of the bulldozer was first clamped near their 

trunk bases, alter which they were cut and then carried in a vertical position to the 

trailers.   The trees were cut as close to shot time as possible and wrapped for 

transit to keep their preshot drying to a minimum. 

The trees arrived at the site approximately 7 hours after shipment, but un- 

loading was sometimes delayed became the site was evacuated several times due 

to passing thunderstorms.   Once the trees were ready to be unloaded, a crane was 

used to individually hook them about two-thirds of the way up their trunks, lift 

them off the flatbed trailers, and set them down slowly until their trunk bottoms 

rested on the ground and their tops were about 15 feet off the ground.   This crime- 

held position proved convenient for stripping any damaged branches and for spray 

painting the trees each with a different color latex paint, while safeguarding the 

undamaged branches.   After a thorough paint coating, the trees were raised verti- 

cally and lowered into the pipes b-, the crane.   Finally, the trees were anchored 

securely in the pipes as mentioned.   All the trees were in position 8 hours before 

zero hour. 
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A photographic summary of the work in the forest and at the test site toward 

readying the trees is shown in Figure 2.1. 

Preparation of the automobile pan of the project did not entail as much effort 

as the tree portim.   Alter the thirteen automobiles were procured, descriptions of 

their condition? were recorded (Appendix  H1 and their major parts were code- 

marked with either paint or a felt pen for post shot identification.   The automobiles 

were not oriented at their spots until the day betöre the firing so that they would 

not interfere with the preshot vehicle movemem of other projects. 

Four different kinds of tumbling blocks were placed in the blast.   The block 

types were 1-1'oot-square solids differing only in weight (or density) and material 

composition.   Some blocks weighed 65 pounds and were made of 3/4-inch plywood 

outer shells filled with cement.   The other weight-material types were constructed 

of 10-pound flexible polyurethane foam, 2-pound flexible polyurethane foam, and 

2-pound rigid styrofoam.   The G5-pound blocks were made at the test site and the 

others were specially ordered.   After acquisition, the only prepnratio" was to paint 

each of the tumbling blocks a different color or pattern.   The tumbling blocks w re 

not positioned until the moraiiu; of the shot because then- also would have restricted 

the preshot vehicle movement of other projects, and moreover the lighter tumbling 

blocks were susceptible to being blown about  by  any  moderate  preshot  wind 

conditions. 

Four high-speed movie cameras viewed certain sections of the project area 

during the blast.   Two high-speed cameras were mounted on a 50-foot pole and the 

other two were mounted singularly un 20-fooi poles.   Putting the three poles in the 

ground was routine,   However, it was necessary to stabilize the poles to prevent 

them from being shaken, and perhaps brc ken, by the blast forces.   Stabilization of 

the poles was accomplished usiiu', a ^uy-wire arrangement;  at each pole position, 

three 8-inch bell anchors wire driven and secured well info the ground [6 to 8 feel 

deep at about 30- to 40-degree angles with vertical), after which three wire ropes 

were hunt; between fasteners bolted near the lop of the pole and the turnbuckles 

attached to the bell anchor connecting; rods, and lastly, the guy-wire ropes were 

tightened by threading the turnbuckles.   The positions of the bell anchors relative 

to each pole were chosen so (he stami', wires made approximately 45-degree angles 

with respect to the pole and, when lookinu, down from above, went out from the pole 

in directions 120 degrees apart, with one of the wires pointing toward ground zero. 

The cameras were housed inside protective aluminum boxes (damped near the top 

of the poh's   ibove the  guy-wire fasteners.   To conclude the preparation of these 

camera poles, the camera, timing-signal power connections were made and the 

cameras were aimed, focused, and checked in test runs.   Figure 2.2 shows the two 

camera boxes and the guy-wire arrangement of the 50-foot pole,   In this figure, 

the cameras are being loaded with dummy film for a test run. 
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2.2   INSTRUMENTATION AND REQUIRED DATA 

The only instrumentatior   set up specifically for this project consisted of the 

four high-speed movie cameras.   Project LN101 provided support instrumentation, 

in accordance with the objectives of that project, by wiring and cementing a self- 

recording pressure transducer into the ground at both the 15-psi and 50-psi tree 

group positions to corroborate the overpressure levels attained there.   Further 

details regarding the type, operation, and setup of the two pressure transducers 

appear in the Preliminary Project Officers Report of Project LN101 (Reference 8). 

Each tree group was viewed from a distance by a high-speed movie camera 

pointed toward ground zero and by a high-speed movie camera from aside at right 

angles tr the radial plane through the center of the group.   The two cameras aimed 

toward ground zero, each mounted on a 20-foot pole, were to photograph the disper- 

sion of tree debris at 15 psi ami 50 psi, accordingly.   The two cameras mounted on 

the 50-loot pole were focused on the radial or expected planes of tree bending to 

photograph the tree responses in these plants and the lofting of tree debris at 15 psi 

and 50 psi, correspondingly.   The exact location and viewing angles of the cameras 

are shown in the next section.   Although the cameras were sighted on the tree 

groups, the lofting and dispersion of some automobile debris hopefully would be 

seen since some automobiles were in view or nearly in view. 

All four high-speed movie cameras were Hycam unregulated models with 

100-foot film capacities.   The two cameras on the 20-foot poles were fitted with 

2-inch lenses and the two on the 50-foot pole with 4-inch lenses.   All the lenses 

were opened to aperture readings of f/2.8.   Anscochrome D-500 was used.   The 

cameras were run on 120 volts, resulting in approximate exposure rates of 4000 

frames per second once the films were up to speed.   Timing marks were super- 

imposed on the films every   millisecond  for accurate time-reference purposes.   The 

cameras were all started at 0.75 second before time zero (-0,75 second) so the 

films were up to speed when the blast wave struck the trees in view. 

The required data from this project were these film records, a complete de- 

scription (weight, size, postshot location, and original source) of all the tree and 

automobile debris, and the postshot positions ot the tumbling blocks.   As mentioned 

in the Objectives section of Chapter 1, the high-speed films were taken to help 

estimate the lofting and dispersion of tree and automobile debris.   The complete 

debris description was needed to determine the weight and size distributions (and 

their interrelationship) and also to estimate the dispersion of the debris frag- 

mented from the trees and automobiles.   The purpose of placing the tumbling blocks 

in the blast was to measure their blast-wave transport.   While the film records were 

exposed during the blast, the tabulation of the debris data and the transport data 
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could iiot begin until iii'tei the shot.   The tumbling transport distances of the tumbling 

blocks were easy to determine by surveying, but the debris data collection required 

the use of special methods that are described in the Postshot Activity section of 

this chapter.   Though the pressure-transducer records were not physically obtained 

in tliis project, they were supplementary project data requirements to verify the 

overpressure levels at each tree grojf. 

2.3   FINAL TEST SETUP 

An aerial view 01 the overall project setup is shown in Figure 2.3.   The TNT 

stack is visible in the upper righthand corner.   The six trees placed at 50 psi and 

the six trees placed at 15 psi are distinguishable in this photograph, w'.th the 50-psi 

tree group obviously being closer to the stack.   The three trees on the right in each 

group are the aspens, while the three leftmost trees in thr groups are the spruces. 

All thirteen automobiles that were posit oned in the blast can be seen in the figure 

too.   With respect to the directional viev oi the picture, the four automobiles that 

were situated at 50 psi are between and to the left of the 50-psi trees; the four 

automobiles placed at 30 psi are bet-ween ground zero and the 15-psi trees;  the four 

positioned at 15 psi are to the left of the 15-psi trees; and thi  one put at 10 psi is 

to the extreme left in the photograph.   The 10-psi automobile was side-on to the 

blast, while two automobiles were oriented side-on and two were oriented front-on 

at each of the other three overpressures where the automobiles were stationed. 

The intention was to see if perhaps the orientation of the automobiles might have 

some noticeable effect on their fragmentation. 

Figure 2.4 is a scaled drawing of the project layout.   Indicated are the posi- 

tions of tiie twelve trees, the thirteen automobiles, the tumbling blocks, the two 

support pressure transducers, the three camera poles, and two 25-foot distance- 

reference poles used to establish a distance-scale relation on the high-speed movie 

films.   The basic features and approximate viewing angles of each high-speed movie 

camera are noted. 

For easy reference purposes, numbers are assigned to the trees and auto- 

mobiles as shown in Figure 2.5.   The trees were numbered by proceeding from 

right to left in Figure 2.3, starting with the 15-psi trees.   No special method was 

used to number the automobiles.   This figure is just an enlargement of the 15- to 

50-psi region of Figure 2.4, with just the trees and automobiles drawn. 

The exact locations of the trees and their approximate characteristics are 

presented in Table 2.2.   Tiie table is arranged according to ascending tree numbers. 

The surveyed tree positions are given by listing their ground range or radial 

distances from ground zero, and their bearings or clockwise angles from "called 
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North" at ground zero.   The lour basic tree characteristics that are tabulated de- 

note approximations:  The approximate average breast-height trunk diameters were 

found by dividing tiie approximate trunk circumferences at breast height by 71; the 

tree heights were estimated by comparing the trees with the 25-foot distance- 

reference poles in still photographs;  the tree weights were roughly calculated by 

summing the weights of postshot debris and remains of each tree including 

estimates of the trunk weights in the pipes: and the branchwood weights were deter- 

mined by subtracting the approximate tree-trunk weights from these computed totaled 

tree weights correspondingly. 

In Table 2.4, the makes, preshot orientations, and approximate preshot loca- 

tions (center of gravity) of all thirteen automobiles in the blast are presented. The 

automobiles are listed in order of increasing referral numbers. 

Table r.2 presents information on the number am, types of tumbling blocks 

placed at various overpressure levels, along with the tumbling transport results. 

2.4    POSTSHOT ACTIVITY 

Immediately after the blast, the four exposed reels of film were recovered and 

the final locations of the ugiitor tumbling blocks were marked with stakes to prevent 

their being blown by the plain wind.   Eventually, the other tumbling blocKS were 

staked, and all the markers were surveyed fo; position. 

Before any debris was picked up following the shot, a grid network composed 

of 10- by 10-fool squares was staked out covering the spread of the debris from the 

15-psi trees, and a grid network of 40- by 40-foot squares was arranged covering 

the ana of the debris from the 50-psi trees (and all the automobiles).   A Cartesian 

coordinate system for each grid network was first set up.   The origin for the 15-psi 

coordinate system was chosen halfway between the ;'vtial positions of the trees lo- 

cated exactly on the 15-psi overpressure arc, trees numbered 2 and 5.   Similarly, 

the 50-psi origin was selected midway between the initial positions of the trees 

numbercJ S and 11.   The Y-axes were designated as the radial lines through the 

origins with increasing values going away from ground zero.   This designation also 

specified the X-axis directions for right-handed Cartesian coordinate systems.   Us- 

ing these coordinate ;ixes, the two grid networks were marked on the ground by 

merely staking all the grid-square corners.   The arrangement schemes of the two 

networks arc drawn in Figure 2.6.   Note, the subscripts 15 and 50 are used to differ- 

entiate the 15-psi and 50-psi coordinate axes, respectively.   To distinguish the dif- 

ferent grid squares of a given network, each grid square was related to by the coor- 

dinates of its corner with the smallest algebraic X- and Y-values in terms of grid- 

square units:  examples of referencing grid-square areas are shown in Figure 2.6 
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also. In Figure 2.7, the relative differences between the two srid systems and the 

relation of llic1 initial tree and automobile positions to the systems are shown. The 

reason for the larger 50-psi grid squares is explained later in tiiis section. 

To simplify the tree-debris pickup, classification groups were conceived r.o 

only the nan-branch-end fragments and the large branch-end fragments (greater than 

36 inches in princip        ngth where principal length refers to the arc length of the 

main branch portion of the fragment) had to be individually weighed and measured. 

The measureme, .s taken were the principal lengths and the mid-principal-length 

diameters of the fragments.   The smaller branch-end fragments were classified or 

lumped into groups of discrete principal-length bounds and the cones from the spruce 

trees were also grouped together.   An average weight, length (principal), and diame- 

ter (mid-principal-length) of these fragments in each non-individual-characteristics 

group were determined from a large random sampling.   Each of the fragments in 

these groups was assigned the determined average group properties, and the varia- 

tions of the properties within the groups themselves were disregarded.   Hence, only 

the number of fragments in each non-individual- or averaged-characteiistics group 

had to be recorded, a much simpler task than weighing and measuring all of them 

separately.   This assumes quite reasonably that the weight and diameter of a small 

branch-end fragment are related quite directly to its principal length, and those of 

a cone to its principal axis.    The aspen tree-debris group types are  listed in 

Table 2.4, and the spruce types in Table 2.5.   The group-average weights, lengths, 

and diameters of the smaller branch-end fragments and cones, found from the ran- 

dom samplings, are also indicated.   The samples of the 15-psi tree fragments were 

of the same specie, while the 50-p.si tree-debris samples were taken from the debris 

of each tree singularly.    This  further breakdown was made since the amount  of 

50-psi tree debris in each averaged-characteristics gioup was relatively small and 

therefore, with specie samples, some debris weight might have1 been erroneously 

shifted and totaled with the debris I'roni another 50-psi tree of the same specie.   In 

Figures 2.8 and 2.1*, typical fragments in the different classification groups of the 

aspen and spruce debris are pictured.   The examples shown are typical 15-psi tree 

debris.   The 50-psi fragments were similar except that secondary branching and 

the leaves or needles were much more noticeably missing. 

The gathering of the 15-psi tree debris began 5 flays after the shot.   Taking 

one grid square at a time, the debris was gathered, separated into the proper classi- 

fication group and color (tree) combinations, and tabulated.   Once the reference co- 

ordinate numbers of the grid square were noted, tabulation was just the process of 

recording the types of debris fragments found in that grid-square area.   For the 

fragments in the averaged-characteristics group, the number (and or total weight) 

of the fragments in each group-color combination was recorded.   For those 
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fragments that belonged to an individual-characteristics group, the Bi-oup-color 

combinations were separated further into similarly sized fragments (similar mid- 

principal-length diameters and principal lengths).   Finally, the number, total weight, 

average length, and average diameter of all the fragments in each group-color-size 

combination were recorded.   Using this method, the 15-psi tree-debris tabulation 

was finished 13 days after the blast.   This recorded raw data appears in Appendix A. 

The collection and tabulation of the 50-psi tree debris began immediately 

followin1; the completion of the 15-psi tree-debris pickup phase.    However, the 

procedure was slightly modified to be quicker and more efficient.   A grid network 

with 40- by 40-foot squares was used as the 50-psi tree debris was distributed over 

a much larper area than that at 15 psi.   The Al, A2, and S2 classification groups 

were not collected although their contribution is estimated for the result j.   The 

fragments in the individual-characteristics groups were just measured in each 

grid square; their weights in each grid square we-,    estimated from their dimen- 

sions for the results.   After all this debris was cuilected from all the grid squares, 

it was separated into group-color-size combinations which were weighed.   Other- 

wise, the tabulation of the 50-psi tree debris was identical to the 15-psi tree debris, 

and was completed 21 days after the shot.   The 50-psi tree-debris measurement 

data that was logged grid square by grid square and the color-group-size weighings 

of all this debris after it was all collected are included in Appendix A also. 

Activity on the postshot automobile phase of the project was conducted simul- 

taneously with the 50-psi tree-debris gathering.   The weight, the originating auto- 

mobile, the postshot surveyed position, and a description were recorded for each 

large automobile debris part (=10 pounds or greater).   The entries that were logged 

for each of the smaller automobile debris parts were the originating-automobile 

overpressure group (usually this debris could not be traced to its originating auto- 

mobile because of difficulty in identification), the 50-psi grid square where the de- 

bris was found, and a description.   After all the small debris was collected, it was 

weighed   in similarly sized bunches according to originating-automobile overpres- 

sure group.   The recorded data of the small and large automobile debris is con- 

tained in Appendix n.   Postshot descriptions, approximate postshot orientations, 

and approximate postshot positions of all thirteen automobiles were also noted. 

The preshot and postshot automobile conditions are compared in Appendix D.  and 

the final approximate automobile orientations and positions are included in the 

Results and Discussion chapter. 
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Table 2.1   COMMON AND BOTANICAL NAMES OF TEST TREES 

Common Specie Name 

Quaking Aspen 

White Spruce 
but could have been variety: 

Western White Spruce 

Botanical Specie Name 

Populus tremuloides Michx. 

Picea glauca (Moench) Voss ^ 

Picea glauca var. albertiana 
(S. Brown) Sarg. 

Number 
In Test 

13 
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Pipes ready in ground        Spruce tree being carried 
at 15 psi to a flatbed trailer 

Spruce tree being loaded 
on a flatbed trailer 

Aspen tree being carried       Aspen tree being loaded      Spruce tree being unloaded 
to a flatbed trailer on a flatbed trailer rom a flatbed trailer 

r'v -..JC/' =*•'-'■'■■   -"•«■> 

Spruce tree being 
spray-painted 

Spruce tree being 
lo'vered into its pipe 

Preshot photograph of 
trees ready in position 

Figure 2.1.   Work involved in readying the trees 
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Figure 2.2.   Camera boxes and guv-" 
arrangement of 50-foot pole" 
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Figure 2.5.   Referral numbers of trees and 
automobiles relative to their initial positions 
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Figure 2.6.   15-psi and 50-psi [»rid networks 
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Group Al:    1/2- to 3-inch 
branch ends 

Group A2:   3- to 6-inch 
branch ends 

Group A3:   6- to 12-inch 
branch ends 

Group A4:    12- to 24-inch     Group A5:   24- to 36-inch 
branch ends brarch ends 

Group A6:   Non-branch 
ends 

At&v 

Group A7:   36-inch and 
greater branch ends 

15-inch ruler in photographs of 
groups Al through A6) 

(60-inch tape measure in 
photograph of group A7) 

Figure 2.8.   Photographs of typical 15-psi aspen fragments in aspen-debris groups 

25 

v&a*^^" ' 
AMfcvi^.uttAyVi'ihWiWiii^-i'ri •  ;  •-■'^a-< i£^!i^-Jl^.S-: 



^^WS^S*!^^ 

„,       ,.    ., ^     ^      ,. 

■ • 

i 

Group SI:   3- to 6-inch        Group S2:   6- to 12-inch       Group S3:   12- to 24-inch 
branch ends branch ends branch ends 

Groi'.p S4:   24- to 36-inch 
branch ends 

Group S5:   Cones Group S6:   Non-branch 
ends 

Group S7:   36-inch and 
greater branch ends 

(15-inch ruler in photographs of 
groups SI through S6) 

(60-inch tape measure in 
photograph of group S7) 

Figure 2,9.   Photographs of typical 15-psi spruce fragments 
in spruce-debris groups 
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CHAPTER 3 

RESULTS AND DISCUSSION 

3.1   TREE DEBRIS 

The tree-debris results obtained and the related discussion are the contents 

of this section.   Briefly, the natures of the blast wave uiat occurred at the 15-psi 

and 50-psi tree group positions are discussed in the first subsection.   The subsec- 

tions on Visual Observations, Weight Distributions, and Fragment Sizes adequately 

characterize the tree fragmentation that resulted at 15 and 5Ü psi.   The Ground 

Distribution subsection describes the tree-debris transport and gives a good indi- 

cation of the tree-debris dispersion that took place at 15 and 50 psi.   Comments on 

the extent of lofting and dispersion of the tree debris at 15 and 50 psi seen on the 

high-speed movie films and on the problems encountered in the tree phase of this 

project are covered last. 

3.1.1   Natures of Blast Wave at Tree Positions.   Tracings of the overpressure- 

versus-time histories recorded by the support pressure transducers at the 15-psi 

and 50-psi trc0 group positions are presented in Figure 3.1 (Reference 8).   The 

time scales are relative to blast arrival time at the transducer positions, and the 

positive overpressure durations and decays arc apparent.   The two recordings show, 

after comparing them with overpressure-time plots of a classical blast wave, that 

the blast-wave overpressure trace sensed at the 15-psi pressure-transducer location 

was quite classical, and that monitored at the 50-psi transducer position was some- 

what low relative to classical form initially.   Therefore, since the self-recording 

pressure gages were placed right next to each tree group (Figure 2.4), the nature of 

the blast wave that struck each tree can be assumed to have been roughly classical 

in overpressure except where a strong anomaly existed.   Moreover, the natures of 

the blast wave at the trees can be reasonably assumed to have been classical in other 

blast-wave properties, as dynamic pressure, where anomalies were absent.   It was 

determined in Project LN102 (Reference 9) that a luminous jet occurred at a bearing 

around 240 degrees and traversed out to about the 600-foot ground range.   This jet 

is noticeable, in the high-speed movie films taken by this project, scorching tree 

number 7 and parts of tree number 8.   This implies that the blast wave was non- 

classical at the initial position of tree number 7 and probably at the initial position 

of tree number 8, but the extent is unknown.   The other initial tree positions probably 

experienced a quite classical blast wave. 
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3.1.2 Visual Observations.   The debris and trunk remains of the 15-psi aspen 

trees are pictured in the photographs of Figu.'e 3.2, and those of the 15-psi spruce 

trees are shown ii the photographs of Figure 3.3.   Ground zero is f vident in the far 

background of each of these photographs.    The trunks of the three 15-psi aspen trees 

snapped above the holding pipes, while the 15-psi spruces broke off right at the top 

ends of their pipes (noticeable in the near backgrounds of the pictures in Figure 3.3). 

The overall fragmentations of the aspen and spruce appear quite similar to each 

other.   The significant observation to note is the fact that the general tree fragmen- 

tation was only moderate at 15 psi; a large number of branches still remained at- 

tached to the tree trunks after the shot. 

The main trunk remains of the 50-psi aspcr and spruce trees are shown in the 

photographs o.r Figures 3.4 and 3.5.  Again, all the pictures were taken with ground 

zero in the background.   All six of the 50-psi trees broke off at their top pipe ends, 

as did the ib-psi spruce trees.   The trunk remains of the 50-psi aspeii and spruce 

trees are similar.   These trunks were stripped of almost all their branches to the 

extent that nearly all the branchwood of the 50-psi trees became debris.   Note how 

the 15-psi trunk remains differed.   Visually, it can be concluded that tree fragmen- 

tation increased with overpressure as was expected. 

Another discernible feature was the difference between the 15-psi and 50-psi 

tree debris.   The 50-psi fragments were stripped of almost all their secondary 

branching off their principal or main segments, and leaves and needles were missing 

from almost all the 50-psi aspen and spruce fragments correspondingly.   In contrast, 

the 15-psi fragments (typical ones are pictured in Figures 2.8 and 2.9) had much 

more secondary branching and they retained many more leaves and needles, relative 

to their coinciding 50-psi ''ragments.   The variation, on the average, between the 

secondary branching on tue 15-psi and 50-psi tree debris is treated mathematically 

in the subsection on Fragment Sizes. 

3.1.3 Weight Distributions.   The cumulative weight distributions of the branch- 

wood debris and trunk remains from ihe 15-psi aspen trees. 15-psi spruce trees, 

50-psi aspen trees, and 50-psi spruce trees are presented in Figures 3.6, 3.7, 3.8. 

and 3.9, respectively.   The abscissa and Ordinate scales have been normalized with 

respect to tree weights in these figures so that rational comparisons can be made 

between the curves.   It can be seen that these normalized tree-debris cumulative 

weight distributions thai resulted from this test project are quite similar for trees 

of the same specie placed at the same overpressure. 

These plots were lairly easy to derive.   With the raw tree-debris data of 

Appendix A coupled with the average weights given in Tables 2.4 and 2.5 for those 

fragments in the averaged-characteristics groups, the weights or approximate 
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weights of all the gathered debris fragments originating from each tree were known. 

So, it was a simple matter to separate the fragments from each tree into ascending 

weight order.   Then, for any given maximum fragment weight and specific tree, the 

cumulative weight of all the debris fragments, from that tree, which weighed less 

than the given fragment weight was determmable.   Hence, with maximum fragment 

weight as an independent variable, the curves of Figures 3.6 to 3.9 are no more than 

plots, normalized with respect to the tree weights, of the cumulative weight of the 

tree debris weighing less than this running variable for each of ihc trees.   The actual 

plots were rnonotonically increasing steps; the smaller steps corresponding to the 

lightweight fragments, the braachwood fragments, have been smoothed while the 

larger oaes corresponding to the heavier fragments, the trunk fragments perhaps 

with branchwood attached, have not been smoothed.   Also, the estimated weight of the 

trunks remaining in the pipes, whose trees broke off right at the pipe top ends (trees 

numbered 4-12). have been correspondingly added to the weight of the lower trunk 

fragments of those trees.   The reasoning behind this is that these trees would have 

bioken off at the ground level or uprooted had it not been for the pipe support.   The 

last minor modification was to approximate the cumulative weight of the 50-psi tree 

debris in the classification groups that were not collected:   Groups Al, A2, and SI. 

This approximation was accomplished by adding the specie-averaged normalized 

cumulative weight of the 15-psi tree debris collected in these three groups to each 

of the 50-psi cumulative weight distributions, according to the proper specie.   The 

rationale for this adjustment is indicated later in this subsection. 

The curves in this format are not too difficult to comprehend.   In fact, under- 

standing the derivation of the curves just discussed helps in their interpretation. 

As mentioned, the continuous sections of the curves relate to the branchwood frag- 

ments and the discontinuous slops are associated with the trunk fragments with 

branchwood attached, perhaps.   Horizontal portions of a curve indicate that no tree 

debris was found over that fragment wighi range.   Also, when comparing two curves, 

the lower of the two signifies less "ragmemation.   To illustrate how to read the 

curves, consider the one for tree number 2 in Figure 3.6.   Here it can be noted that 

14 percent of the tree weigh! was fragmented into debris fragments weighing less 

than one-hundredth the tree weight, while 10 percent of the tree weight became de- 

bris weighing loss than one-thousandth the tree weight.   In other words, since tree 

number 2 weighed about 800 pounds (Table 2.2), the total weight of the debris from 

tree number 2, weighing between 0,8 and 8 pounds, was (14''  - 10V) > 800 pounds, or 

32 pounds.   This debris was all branchwood, which is perceptible from Figure 3.6. 

It can be pre ven that if the cumulative weight curve is linear between two (maximum) 

fragment .veight values, then the average fragment weight is approximately 0.32 

times the fragment weight difference above the lighter fragment weight.   For this 

example, this implies that the average fragment weight in the 0.8- to 8-pound weight 
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range is 3.1 pounds and, therefore, that the fragments in this weight range numbered 

about ton or eleven.   In actuality, based on the raw data, there were thirteen frag- 

ments in this range whose average weight was 2.4 pounds. 

The averages of the normalized cumulative tree-debris weight distributions 

graphed in Figures 3.6 to 3.9, corresponding to the three trees of each specie- 

overpressure combination, are compared in Figure 3.10.   The conclusion that tree 

fragmentation increased with peak overpressure (or actually dynamic pressure 

impulse) at Event Dial Pack is evident from this figure.   This was a visual obser- 

vation previously in subsection 3.1.2.   As noted with reference to Figures 3.4 and 

3.5, nearly all the branchwood was fractured from the trunks of the 50-psi trees. 

Combining this fact with Figure 3.10, it can be deduced that the branchwood of the 

aspen and spruce trees weighed, on the average, about 26 percent and 15 percent 

of their tree weights, respectively (reading the maximum non-trunk cumulative 

weights from the corresponding 50-psi curves).   Comparing in Figure 3.10 the 

average branchwood weight fractured from each specie at 15 psi, v/ith the average 

fractured from the same specie at 50 psi, shows that around 60 percent of the branch- 

wood weight was fractured from the 15-psi trees. 

The question of whether the spruce trees or the aspen trees were fractured 

more at the same overpressure is not obvious from Figure 3.10.   The aspens seemed 

to have been, but this misleading appearance is due to the fact that the branchwood of 

the aspen trees made up a larger percentage of their tree weights.   The answer be- 

comes plain in Figure 3.11 which shows the same curves as Figure 3.1.0 except they 

are normalized with respect to tree brauchwood weight.   Here it can be seen that 

the two tree species were fragmented similarly at the same overpressure, relative 

to their branchwood weights. 

The normalizations of Figures 3.6 to 3.10 with respect to tree weight and Fig- 

ure 3.11 with respect to branchwood weight have a major connotative advantage plus 

a strong implicit cautioning restricti >n.   Though the trees in the test weighed be- 

tween 560 to 790 pounds, the normalization of these curves makes them roughly ap- 

plicable to lighter trees and heavier trees.   However, this extrapolation only holds 

if the ratios of branchwood weig.it to tree weight are somewhat the same as the test 

species:   0.26 for the aspen and 0.15 for the spruce.   The reason for this ratio re- 

striction is because these curves would be different for sparse trees or sections of 

trees, for the abscissa values would be much different.   The application of these 

curves to diverse tree weight ranges, with the- same ratio of branchwood weight to 

tree weight, assumes that the weak fracturing points of a tree remain approximately 

the same as tl ? tree grows, which is a rational assumption;  because the potential 

fragments grow somewhat proportionally with tree weight.   These remarks should 

be kept in mind when using these figures. 
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The cumulative tree-debris weight distributions from this project can be com- 

pared to those o! .ained in the URS shock tunnel as part of the preliminary planning 

and troubleshooting of this project (Reference 5).   These shock-tunnel tests were 

mentioned in the Introduction chapter of this report.   Eight-foot tree trunk sections 

(larger tree sections cannot fit into the URS shock tunneM were subjected to 10-psi 

peak overpressure shock waves, with positive durations of about 100 msecs, in the 

shock tunnel.   Hence, tlie tree-debris cumulative weight distributions from the shock 

tunnel should be quite similar to those obtained at 15 psi in this project provided they 

can be compared on common grounds.   Actually, the curves from the shock tunnel 

should be slightly lower, indicating less fragmentation, than the 15-psi curves be- 

cause of a lower peak overpressure.   Now as stated before, the cumulative weight 

distribution curves of Figures 3.10 and 3.11 are not applicable for tree sections. 

However, the curves of these figures can be used for tree sections in certain situa- 

tions if their abscissas are not normalized.   The curves of Figure 3.11 are redrawn 

without a dimensionless abscissa in Figure 3.12.   This latter curve can be applied 

to tree sections only if the maximum-weighted branch in the tree section weighs 

about the same as the maximum-weighted branch of the comparable tree in this 

project.   Unlike Figures 3.10 and 3.11, the curves of Figure 3.12 do not apply to 

larger and smaller trees as there is no growth factor inherent in the ordinate and 

abscissa scales.   Since the tree sections in the URS shock tunnel were cut from 

trees similar in size to the aspen and spruce trees " 3ed in this project, a compari- 

son is justifiable.   Therefore, three curves derived from the shock-tunnel tests are 

also plotted in Figure 3.12 with the section branchwood weight as the normalizing 

ordinate factor for these curves. 

A couple of fundamental conclusions are implied from the two different types 

of curves in Figure 3.12.   The shock-tunnel curve for the Douglas Fir compares 

quite remarkably to the 15-psi spruce curve determined in this project.   This is to 

be expected since the two species are similar in nature.   This close comparison 

shows that the shock-tunnel results are reasonable,   the first major deduction.   In 

the shock tunnel, little branchwood was fractured from the 8-foot oak tree section. 

This result could have been anticipated because of tlie toughness of oak wood.   It 

can also be noted that not much small debris, but mainly large brandies, were frac- 

tured from the alder tree section in the shock tunnel.   Therefore, the shock-tunnel 

results along with those of this project help prove the second main conclusion:   Tree 

fracturing appears quite specie-dependent.   Tin  oak curve and tlie 15-psi spruce 

curve are probably approximate lower and upper bounds, respectively, for tree frac- 

turing of 10-inch-diameter 50-foot-high trees at 15 psi from a 1-kiloton nuclear 

yield.   Hence, comparing the shock-tunnel results with those of this project infers 

that tree fracturing is specie-dependent and that this fracturing can be determined 

in a large shock tunnel as opposed to expensive field tests. 
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The curves of Figures 3„6 to 3.12 describe tree fracturing in a 1-kiloton 

nuclear yield, except that some of the very light tree debris would invariably be 

burned by thermal radiation in a nuclear burst.   The fragmentation of trees at the 

higher nuclear-attack yields is of basic concern.   Larger yields cannot be tested 

and, consequently, the fragmentation at larger yields can only be estimated.   At a 

given peak overpressure, a longer positive velocity phase duration (a larger dy- 

namic pressure impulse) occurs with a larger yield.   This implies that the frag- 

mentation of a debris source at a specific peak overpressure    ould increase with 

yield because of the following: 

1. Primarily, the longer duration blast would tend to blow apart the debris 

source more, especially the slower-responding segments. 

2. Secondarily, because of the longer duration, .he debris fragments would 

obtain greater velocities and would tumble along the ground at these 

higher velocities for longer distances.   Therefore, they would break up 

mo re. 

For these reasons, the data oresented in Figures 3.6 to 3.12 represent lower bounds 

of the expected tree fragmentation at the designated peak overpressures for yields 

exceeding 1 kiloton.   The fragmentation of the small and medium tree branches 

(secondary brandies) would probably not increase much more for larger yields 

though, with regard to the prime cause stated in the first condition above.   This 

hypothesis follows from the fact that photographs taken during tests conducted in 

the URS shock tunnel (Reference 5) and at Distant Plain (Reference 10) showed that 

branches of this size fully respond or break off in a time period after shock front 

arrival which is relatively short compared with the positive phase durations experi- 

enced at 15 psi and 50 psi in Event Dial Pack,   The main brandies of the tiees and 

the tree trunks have response times that are not small compared with these phase 

durations.   Hence, the fragmentation of the main branches from the tree trunks and 

the main tree trunks themselves would probably increase for a larger yield (longer 

duration) than the 1 kiloton of this project.   Even though the 50-psi environment was 

more severe than (he 15-psi environment at Event Dial Pack, in the form of a larger 

dynamic pressure impulse, note that the 15-psi and 50-psi branchwood  fragmentation 

curves of Figure 3.11 and 3.12 are quite similar in the small-fragment region.   Tiiis 

closeness tends to support the above reasoning. 

In summary, the average tree-debris cumulative weiglit distributions for aspen 

and spruce trees at 15 psi and 50 psi of the 500-ton TNT explosion at Event Dial 

Pack are presented in three different formats, Figures 3.10 to 3.12.   These results 

equally apply for a l-kilofon nuclear yield except for the minor differences caused 

by the fact that the very light tree debris would undoubtedly be burned by thermal 

radiation in such an instance.   The distribution curves are normalized with respect 
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to tree weight in Figure 3.10, they are normalized with respect to branchwood weight 

in Figure 3.11, and they are essentially not normalized in Figure 3,12.   Because of 

the different dimensionalizing, Figures 3„10 and 3.11 can be applied to larger and 

smaller trees than the ones used in this project as long as the ratio of branchwood 

weight to tree weight remains the same.   They cannot be linked to tree sections. 

Conversely, Figure 3.12 can be applied to tree sections cut from trees of the size 

in this project, but not to larger and smaller trees.   With these restrictions, the 

curves can be related to trees similar in nature to the aspen and spruce specie 

types.   Except for the fact that some of the small tree ciebr.s would probably be 

burned by thermal radiation in a nuclear yield, these curves represent lower bounds 

to the fragmentation expected at the designated peak overpressures for yields ex- 

ceeding 1 kiloton.   It has been reasoned that only the curve sections relating to the 

large-branch and trunk  fragments would be altered upward in a larger-yield 

explosion. 

3.1.4   Fragment Sizes.   The tree-debris fragment sizes are characterized in this 

subsection.   For the fragments of each specie-overpressure group, the relation be- 

tween the principal length (t)and the mid-principal-length diameter (d) of the main 

fragment segments is described, and the average amount of secondary branching 

still attached to the main segments is approximated. 

The average and variation of the ratio ofprincip.il length to mid-principal- 

length diameter (■   d) versus mid-principal-length diameter (d), for the 15-psi aspen 

debris fragments, are plotted in Figure 3.13.   Those for the 15-psi spruce debris are 

plotted in Figure 3.14, for the 50-psi aspen debris in Figure 3.15, and for the 50-psi 

spruce debris in Figure 3.16.   The average ratio curves are drawn over the entire 

range of recorded fragment diameters.   But the ratio variations are only shown for 

fragment diameters greater than 1   2 inch since this variation was not determined 

for the averaged-characteristics groups; fragments in these groups had average 

diameters less than 1/2 inch, as seen in Tables 2.4 and 2.5.   The ratio variations 

are indicated by graphing their lower bounds, quarter bounds, medians, three-quarter 

bounds, and upper bounds.   At a fixed fragment diameter, the ratio variation appears 

to closely resemble that of a log-normal distribution.   It can also be observed that 

the average ratio curves are nearly independent of fragment diameter, except at the 

smaller diameter values.   Considering fragments of the same specie-overpressure 

combination, this means that for any fragment diameter but a very small one, the 

fragment length is a constant multiple of diameter on the average. 

The average ratio curves of Figures 3.13 to 3.16 are replottcd in Figure 3.17 

for comparison.   The similar average ratio curves for the tree-debris fragments 

generated at 10 psi in the URS shock tunnel (Reference 5) are drawn in this figure 

also, though they arc not too reliable since there were not that many fragments in 
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each diameter range.   These curves show that the ratio constant varies according 

to tree specie, and this constant decreases with higher peak overpressures.   This 

inverse constant-overpressure relationship for a given specie is expected since 

debris should be broken up additionally for a more severe environment. 

To give an idea of the amount of secondary branching on the tree fragments, 

the average effective density of the fragments is graphed in Figure 3.18 as a 

function of fragment diameter for each specie-overpressure group.   Here, effective 

fragment density refers to the fragment weight divided by the volume of the main 

fragment segment.   Letting w represent fragment weight, the effective density defi- 
2 nition is mathematically equal to 4w Tnd  .   Obviously, as the amount of secondary 

branching becomes smaller,  the effective densitv of a fragment approaches the 
3 3 density of the specie wood;   37.2  lbs'ft    for Quaking Aspen and 33.1  lbs. ft    for 

Whil~ Spruce in the green condition (Reference 11).      On the average,  the weight 

quantity of secondary branching on a fragment of a given diameter is proportional 

to the difference between the curve value at that diameter and the specie wood den- 

sity.   In the absence of secondary branching, the curves of Figure 3.8 would be hori- 

zontal, independent of diameter, with constant values equal to their respective specie 

wood densities.   The curves in this figure were fairly easy to obtain since the aver- 

age weights and measurements were recorded for every 15-psi and 50-psi tree frag- 

ment.   (The 50-psi tree debris was remeasured when it was weighed, Appendix A). 

From this figure it can be seen that the effective density decreases with an increase 

in fragment diameter, with some exceptions.   The 50-psi curves are lower than the 

correspciiding 15-psi curve of tiie same specie, which indicates less secondary 

branching on the 50-psi tree fragments compared to similarly sized 15-psi ones.   (A 

small portion of the curve reduction is probably attributable to the fact that the 50- 

psi tree debris dried out more than the 15-psi tree debris because the 50-psi tree 
debris was gathered later.)   This agrees with visual observations when gathering the 

debris since the 15-psi tree fragments had quite a bit of secondary branching. Fig- 

ures 2.8 and 2.9, while the 50-psi tree fragments had little secondary branching.   In 

general, the reduction of the secondary branching of a specie with an increase in 

peak overpressure is to be expected. 

The results of Lnis subsection can be easily summarized.   The average princi- 

pal lengths, average mid-principal-length diameters, and average effective densities 

of the aspen or spruce fragments, in any given weight range, that were obtained in 

this project, can be determined from Figures 3.17  and 3.18 using an iterative1 ap- 

proach.   The number of fragments in this weight range can be read from the curves 

of the previous subsection.   Ft can be assumed that the average lengths, diamete'-s, 

and effective densities of fragments from species similar to aspen or spruce would 

have been accordingly similar under the same environmental conditions. 
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3,1.5   Ground Distributions.   Tho ground weight distributions of t)-.;1 debris from 

the twelve trees in the appropriate grid squares are presented in the figures of Ap- 

pendix C.   There, tlie total weight of the debris from each tree found in each grid 

square is indicated.   The est'mated weights of the tree trunks remaining in the hold- 

ing pipes are included in these figures at the pipe positions.   Tlie 15-psi ground 

weight distributions were not difficult to derive as the weights of tlie 15-psi frag- 

ments were determined during the pickup phase in each grid square accordingly. 

Tlie derivation of the 50-psi ground weiglit distributions was a little more involved; 

the 50-psi effective density functions of Figure 3.18 were employed to compute these 

distributions since the 50-psi fragments were only measured, and not weighed, while 

they were gathered grid square by grid square. 

Witii some slight modifications, the weight densities of debris from each tree 

on tlie ground can be obtained from the correspondi .   ground distributions of Ap- 

pendix C.   Typical ground weight densities of the debris from a 15-psi aspen (tree 

number 3) and a 15-psi spruce (tree number 6) are siiaded in Figure 3.19, and typi- 

cal ground weight densities of the debris from a 50-psi aspen (tree number 9) and a 

50-psi spruce (tree number 11) are drawn in Figure 3.20.   Tlie ground weight density 

formal is more suitable for comparing tlie 15-psi and 50-psi ground debris spreads 

since the grid-square areas of the two grid networks were unequal. 

The overall transport of the debris from the twelve trees is essentially pre- 

sented in tlie figures of Appendix C.   The displacements and orientations of all the 

trunk fragments weighing 10 pounds or more are more distinctly disrlayed  in 

Figure 3.21.   The maximum radial transport of the tree debris can be noted in the 

appendix figures.   The debris from tho 15-psi trees was found up to 230 feet down- 

wind from its originating-tree initial position and the debris from the 50-psi trees 

was transported as large as 1200 feel in the radial direction.   The ma.ximum radial 

transport of tree debris can be expected to be specie-independent, which is partially 

substantiated by the tree-debris transport results of this project. 

'1 he dispers'on of the tree debris can be estimated at  15 psi and 50 psi from 

the figures of Appendix C also.   As with maximum radial tree-debris transport, 

tree-debris dispersion is also basically specie-independent.   Now in general, from 

these appendix figures and the raw data of Appendix A. it can be deduced that the 

heavier the tree fragments, the less their dispersion.   At  15 psi, for example, no 

tree fragments weighing more than 1 pound were dispersed more than 30 degrees 

(the arc tangent of their sideward transport relative to their radial transport) while 

the lightest tree fragments, with a minimum of 25-foot radial ti "isport. were dis- 

persed up to 60 degrees.   The dispersion at 50 psi bore a resemblance;  the 1-pound 

tree fragme.its were not dispersed more than 25 degrees and the lightest fragments, 

with  a  minimum  of   100-foot   radial  transport,   wvvo not  dispersed  more  than 
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55 decrees»   If o ily heavy tree fragments are considered, the dispersion of tree 

debris is relatively small. 

The dispersion of tree debris at large weapon yields is of interest.   The tree- 

debris dispersion at a large yield would probably be quite similar to that at a small 

yiold and the same overpressure, except for the lightweight fragments ^iiat would be 

blown back significant distances (not negligible relative to overall rad;al transport) 

toward ground zero by the negative velocity phase.   For these lightweight fragments 

in a small yield as one kiloton, the reductions in their radial transport due to the 

finite times required for them to break from their source are not small compared 

to their overall radial transport.   This implies that these fragments would have a 

larger ratio of sideward transport compared to radial transport at low yields than 

at much higher yields.   Plence, the dispersion obtained in this project for the light- 

weight fragments is an upper bound of that expected at the same peak overpressures 

but larger yields.   The dispersion of the heavier fragments would be similar, con- 

sidering such a change in environment, 

3.1.6 Remarks About High-Speed Movie Films.   Little useful information was 

derived from the high-speed movie films.   The reason was that the trees were 

covered in dust a short time after the blast reached their positions, even though 

prospective dust areas were wetted down with oil prior to the shot.   Nc^e/thelr. s, 

the delay lasted long enough to observe the small fragments breaking off the trees, 

the initial dispersion of these fragments, and the fact that the lofting of tree debris 

was negligible at 15 and 50 psi.   The high-speed movie film from camera position 

number one (Figure 2.4-) photographed the 240-degree luminous jet engulfing tree 

number 7 and partially scorching tree number 8, both 50-psi aspen trees. 

3.1.7 Problems Encountered.   Some minor difficulties were encountered in the 

tree portion of this project.   The obscuring of the trees by dust in the high-speed 

movie- films and the scorching of two 50-psi aspens by a luminous jet were men- 

tioned in the previous subsection.   Most of the dust might have been avoided if a 

more thorough oil coating was applied to the potential sources.   Due to the luminous 

jet occurrence, a large amount of the debris from tree number 7 and part of that 

from tree number  H was burned and their paint blackened, complicating their iden- 

tification if not making it impossible. 

Another problem was caused by the drying of the tree fragments.   As the frag- 

ments dried, their moisture content and therefore their weights dropped slightly. 

In addition, a little over a week after the blast, the fragments started becoming 

brittle from drying and, as a result, increasingly more difficult to collect and handle 

without damage.   About this time, moreover, the aspen and spruce fragments began 

loshg their leaves and needles.   The leaves and needles contributed largely to the 

weight of the 15-psi aspen and spruce fragments, but the 50-psi fragments lost most 
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of theirs during the blast so the drying loss of the remaining feu- was not that impor- 

tant.   The moisture loss from the 15-psi fragments in the averaged-characteristics 

groups and the leaf and needle loss from the 15-psi fragments in these groups were 

compensated for because the average weights of the fragments in these groups were 

determined from large samplings which were taken before tiiese losses became 

significant.   If the debris pickup had begun sooner and had proceeded at a faster 

rate, the iragment drying would have been less of a problem. 

The tree pipe-holding scheme probably had little influence on the tree frag- 

mentation results.   Intuitively, such a scheme mainly influenced tree trunk fragmen- 

tation.   From theory, the natural periods of the test trees, with their trunks well- 

rooted or pipe-held, were large compared to the blast durations at 15 and 50 psi. 

Hence tree fragmentation would have been somewhat identical in either of these two 

cases of trunk support for yields or durations of the magnitude of the Dial Pack blast. 

3.2   AUTOMOBILE DEBRIS 

The automobile-debris results from this project are presented with relevant 

discussion in this section, having an arrangement identical Lo the trec-debns Results 

and Discussion section.   First, the natures of the blast wave that prevailed at the 

initial automobile positions are discussed.   Following this, the automobile fragmenta- 

tion that occurred at 10, 15, 30, and 50 psi is described in the subsections on Visual 

Observations, Weight Distributions, and Fragment Sizes.   The transport and dis- 

persion of automobile debris at 15, 30. and 50 psi are presented and commented on 

in the Ground Distribution subsection.   The results from the high-speed movie films 

and the problems experienced with relation to the  uitomobile phase of this project 

are remarked upon in the final two subsections. 

3.2.i   Natures of Blast Wave at Automobile Positions.   The support pressure 

transducers near the 15-psi and 50-psi tree group positions were also close to the 

automobiles placed at 15 and 50 psi. accordingly.   Since no anomalies were noted 

at these automobile positions {Reference 9), the same reasoning can be used as in 

the tree situation to deduce that the blast wave was approximately classical at these 

spots.   In the automobile-debris Ground Distribution subsection, it is shown that the 

automobiles at 15 and 50 psi were all displaced radially with little dispersion and 

nearly equally at the same overpressure.   This implies hardly any bearing variation 

of the blast at these positions which is evident in a classical blast wave.   Also, if 

the blast is classical, the automobiles would be transported in the radial direction 

only since they have small lift and thrust components relative to their drag compo- 

nent.   As stated, this was the case at 15 and 50 psi. 
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No pressure gages were installed in Hie ground near the 30-p.si automobile 

group position.   Hence, there is no overpressure recording to indicate whether the 

blast wave was classical in that vicinity.   In ReiVrence 9, it was determined that a 

nonluminous jet at a bearing of 232 degrees traveled out to a ground range of about 

780 feet before it was overtaken by the main shock front.   There is no doubt that the 

30-psi automobiles were affected by this jet anomaly; the displacements of the 

30-psi automobile debris and bod'es shown in the automobile-debris Ground Distri- 

bution subsection tends to corroborate this because they had large sideward trans- 

port components (Figures 3.27 and 3.28).   Unfortunately, no statement can be made 

about the strengths of this anomaly at the initial positions of the 30-psi automobiles. 

3.2.2 Visual Observntionij. As with the trees in the DiaJ Pack blast, the damage 

and fragmentation of the automobiles in this blast were greater the higher the over- 

pressure. 

Postshot views of tlie automobile stationed at 10 psi, automobile number 9, are 

shown in Figure 3.22.   The only debris originating from this automobile w re glass 

fragments from the blown-out large windows and a few pieces of chrome truti; 

around 15 pounds of glass fragments were on the ground with the rest being inside 

the automobile.   This scant amount of debris is in the foreground, on the ground, in 

the expressed photograph of the figure. 

The blast damage incurred by each automobile initially at 15 psi is pictured 

in Figure 3.23.   The automobile parts that were blown off these four automobiles are 

apparent and consisted of hoods, headlights, taillights, chrome trim, and nearly all 

the window glass.   The roof wa;j torn off automobile number 10.   The conglomerate 

of debris, exclut Ing hoods and the roof, from the four 15-psi automobiles is seen 

piled up in a separate photograph of this figure.   The hood from automobile number 

3 can be seen 250 feet away in the background of the photograph showing the postshot 

view of that automobile.   Also, notice that a significantly longer positive duration 

at this overpressure (significantly higher yield), some larger automobile parts would 

have been ripped off these automobiles, namely some roofs, along with more smaller 

debris too. 

In Figure 3.24, the postshot appearances of the four automobiles originally 

positioned at 30 psi are shown.   The automobile parts typically fragmented from 

these automobiles included hoods, roofs, fenders, seats, and a large amount of small 

debris parts:   chrome trim, lights, very light engine parts, and window glass.   Per- 

ceptible in the fifth photograph of this figure is the assemblage of all the 30-psi 

automobile-debris parts minus the large sheet-metal parts such as hoods, roofs, and 

fenders. 

The damage sustained by the four automobiles initially placed at 50 psi is 

evident in Figure 3.25.   Missing from the 50-psi automobiles were hoods, roofs, 
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fenders, trunk lids, doors, firewalls, seals, moderately weighted engine parts, and 

an accordingly larger amount of small automobile debris than that derived from the 

30-psi automobiles.   Except for the large sheet-metal fragments, the 50-psi auto- 

mobile debris was collected in a pile and is discernible in the indicated photograph 

of Figure 3.25. 

3.2.3   Weight Distributions.   The cumulative weight distributions of tiie automobile 

debris generated at 15, 30, and 50 psi are plotted in Figure 3.26.   Each curve is the 

per-automobile average of the debris from the four automobiles at the specified 

overpressure.   Hardly any parts were blown off the automobile positioned at 10 psi 

as stated previously, and hence no 10-psi cumulative weight distribution is graphed. 

The curves of Figure 3.26 are analogous to those of Figures 3.10, 3.11, or 3.12 

for tree debris, and were derived in a similar manner.   The raw automobile data in 

Appendix B and Table 3.1 on the weights of the small and large automobile parts was 

used to obtain these curves.    The weight of the automobile debris  from each 

originating-automobile overpressure group weighing less than various discrete maxi- 

mum fragment weights were divided by four to put these curves on an average-per- 

automobile basis.   Instead of small-step curves, straight lines were drawn over the 

weight ranges between the various discrete maximum fragment weights selected. 

The correlation between automobile fragmentation and peak overpressure from 

tills project is readily apparent in Figure 3.26.   As with trees, it can be seen that the 

automobile fragmentation increased considerably with overpressure in the 10- to 

50-psi range, especially for the heavier weigh! groups.   As cited in this figure, an 

average of 100 pounds of automobile debris was blown off each of the 15-psi auto- 

mobiles; an average of 160 pounds of automobile parts originated from each of the 

30-psi automobiles;  and about 400 pounds of debris came from each of the 50-psi 

automobiles on the average.   An average of 18 pounds per 15-p.si automobile was at- 

tributable to two spare tires from the trunks of two of these automobiles.   Since most 

of the other automobiles did not have loose spare tires in their trunks, 80 pounds is a 

more comparable indication of the weight of the debris from each 15-psi automobile. 

It can also be observed that the maximum-weighted automobile-debris fragments that 

originated at 15, 30, and 50 psi were 64 pounds, 57 pounds, and 360 pounds, respec- 

tively.   Many parts were blown loose from the automobiles stationed above 10 psi, 

in general, indicating that automobiles are a significant debris source above this 

level in a 1-kiloton yield. 

For the larger    uclear-attack yields, it is expected tnat there will be a signifi- 

cant increase in the automobile fragmentation at each overpressure compared to that 

found in tiiis project.   The reasons are the same as the two mentioned in the tree- 

debris Weight Distributions subsection.  More debris would have been blown oil the 

automobiles with a longer duration blast because a larue number of automobile parts 
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were hanging and nearly ripped off after thn Dial Pack blast.   Moreover, the auto- 

mjbile bodies would have tumbled and broken up even more in a much larger yield. 

Tumbling fragmentation was not simulated at all in this project  because of the 

short automobile-body transport distances due to short positive phase durations. 

The automobile fragmentation data obtained in this project, as with tree fragmenta- 

tion data, represents a lower bound of the automobile fragmentation anticipated at 

the same overpressures but for larger-yield detonations. 

3.2.4 Fragment Sizes.   The automobile fragments were rather diverse, and are 

described and listed in Appendix B and Table 3.1.   Because of their diversity, the 

mathematical characterizations of their shape, size, and weight-shape it'ation can- 

not be attempted as in the case of the tree fragments.   About the only comment that 

can be made in these respects regarding the automobile fragments is that those 

weighing more than 10 pounds weie, except for possibly seats and spare tires, invar- 

iably sheet-metal types of fragments.   On the other hand, the lighter fragments had 

a large variation of surface area to weight ratio, a basic aerodynamic parameter. 

They have to be treated on an individual basis in regards to these characeterizations. 

3.2.5 Ground Distributions.   The approximate ground weight distributions of the 

debris from the 15-, 30-, and 50-psi automobiles are presented in Figure 3.27, with 

the automobile bodies excluded.   In this figure, the debris from the four automobiles 

at each overpressure level lias been taken into account and just the magnitude of the 

sideward transport of the debris is indicated.   In addition, this debris is distinguished 

according to whether it weighed more or less than 10 pounds.   The exact final ground 

positions (with magnitude of sideward transport) of the automobile parts weighing 

10 pounds or more are designated since their postshot positions were surveyed and 

they were traceable to their originating automobile wiiose initial position was closely 

known (Table 2.3).   Only the approximate bounds of the regions where the automobile 

debris parts weighing less than 10 pounds were found arc contoured.   These contour 

bounds are only approximate for th^e parts because usually the originating automo- 

bile could not be identified and the 50-psi grid square was noted instead of their ex- 

act postshot location.  In the drawing of the contours in this figure, these automobile 

debris parts were assur   x\ to have final positions in the center of their recorded grid 

squares and to have been generated from the automobile that gave minimum trans- 

port.   There is no further weight breakdown in these figures, as in the tree cases, 

since the automobile debris parts were not weighed according to grid squares and 

were not sufficiently measured to estimate their weights from their dimensions. 

The exact weights and displacements of the automobile-debris parts weighing 

more than 10 pounds are listed in Table 3.1.   These results were used in F1    're 3.27. 

The transports of the automobile bodies are also given in Table 3.1 and are illus- 

trated in Figure 3.28, along with the automobile orientations. 
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The overall transport of the automobile debris is apparent from Figure 3.27. 

The maximum radial transport of this debris can be noticed to have been 260 feet. 

250 feet, and 550 feet at 15, 30, and 50 psi, respectively. 

The dispersion of this automobile debris at 15, 30, and 50 psi can be grossl 

estimated from Figure 3.27.   No automobile debris parts were dispersed more than 

30 degrees at 15 psi, some parts were dispersed a maximum of 90 degrees at 30 ps\, 

and none were dispersed more than 78 degrees at 50 psi.    It can generally be 

observed that the dispersion of the heavier fragment parts are comparable and some- 

times larger than the lighter ones; there is no inverse weight-dispersion relation as 

found for the tree debris.   The reason for this is the flat geometric nature of the 

heavy automobile-debris parts which allows them to develop high lift forces. 

The transport results at 30 psi should be disregarded because of the occurrence 

of the nonluminous jet mentioned previously.   This obviously caused the large side- 

ward transport of the 30-psi automobile bodies and automobile debris, and the large 

negative radial transport of some of this debris. 

3.2.6 Remarks About High-Speed Movie Films.   The lofting of some automobile 

debris was observable in the high-speed movie films taken, despite the strong ob- 

scuration by dust.   In these films, debris parts from the 50-psi automobiles can be 

seen up to 60 to 70 feet in the air.   Six large sheet-metal fragments and numerous 

small ones were evident, with the larger ones attaining heights just as high as the 

smaller ones.   A few small sheet-metal fragments and one large one from the 30-psi 

automobiles were also photographed, but they were only 30 to 40 feet above the 

ground at maximum.   No 15-psi automobile fragments were visible in these films 

because of the camera viewing directions.   Besides the lofting in the films, several 

50-psi automobile fragments could be seen moving sideways with high velocity. 

3.2.7 Problems Encountered.   Tue difficulties incurred in the automobile phase 

of the project have been mentioned or suggested.   Only the approximate initial auto- 

mobile positions were recorded.   After each automobile overpressure contour was 

staked near the automobile placement areas, the automobiles were parked by visu- 

ally sight.ng them along these contours near the stakes.   So, the positions in Table 

2.3 might be in error by a couple of feet.   A second difficulty was that the 232-degree 

nonluminous jet reached the 30-psi automobiles and definitely affected the 30-psi 

auiomobile-debris results, though to an unknown extent.  The transport results of the 

30-psi automobile debris seemed to have been influenced mostly by this jet.   Another 

problem was that the smaller lighter automobile parts could not be traced to then- 

originating automobile because most had felt-ink pen markings that faded in many 

cases.   Fortunately, the overlapping of this debris from each automobile overpres- 

sure group was small, allowing it to be differentiated in this respect.   Another 
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trouble was the dust obscured many of the automobile debris parts from view in 

the high-speed movie films. 

3.3   TRANSPORT OF TUMBLING BLOCKS 

The weight and blast-wave transport of a.U the tumbling blocks of this project 

positioned in the Dial Pack shot are listed in Table 3.2.   The transport results ap- 

pear o lite rational and reliable except for those expressed below. 

Only the approximate radial transport distances of the tumbling blocks were 

determined.,   These displacements are only approximate because after each appro- 

priate overpressure station was surveyed and indicated with a stake near the 

tumbling-block placement areas, the suitable tumbling blocks were initially placed 

by eyeing them along tiie according overpressure arcs near the stakes.   In other 

words, the exact initial positions of eacn tumbling block were not marked, though 

the resultant positions of each were surveyed.   This implies their initial locations 

could have been a couple of feet or so from their designated overpressure arcs., 

The sideward transport of the tumbling blocks could not be measured since their 

initial positions were not precisely marked.   In general, from visual observations, 

their sideward displacements were quite small as anticipated. 

The blast wave was probably quite classical at the 15-, 50- and 100-psi 

tnmbling-block placement areas as no anomalies occurred thereabouts.   But, as 

with the 30-psi automobiles, the tumbling blocks at 30 psi were anquestionably af- 

fected by the nonluminous jet at the 232-degree bearing angle.   Therefore, the re- 

corded radial transport distances for the 30-psi tumbling blocks are likely quite 

different from  those that would he obtained  in a 1-kiloton classical blast,  es- 

pecially the distances determined for the lighter 30-psi tumbling blocks. 

The tumbling blocks in their final positions can be noticed ir. some of the post- 

shot photographs of the trees and automobiles, Figures 3.2 to 3.5 and 3.23 to 3.25. 

For instance, the three 2-pound styrofoam blocks originally located at 15 psi are 

observable in the postshot picture taken of tree number 6 presented in Figure 3.3. 

The reason for collecting these tumbling-block transport distances at Lvent 

Dial Pack, and the blast-transport of other objects such as bricks in various test 

programs, is to use these results to approximate the tumbling soil-fragment inter- 

action forces.   An inverse method outlined in the Preliminary Project Officers Re- 

port of this project (Reference 12) is one possibility for estimating this interaction. 
A mathematical representation of this interaction is assumed in this method and ad- 

justed accordingly using iteration until a verified blast-transport analysis, employing 

this representation, agrees with the transport test results.   The determined mathe- 

matical interaction would have to corroborate with other treatments of this subject, 

as with Reference 13.   This analysis and correlation still remains to lie done,, 
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Table 3.1   WEIGHTS AND TRANSPORT OF HEAVY AUTOMOBILE-DEBRIS PARTS 

Automohik' 
Number 

10 

12 

13 

Automobile Initial 
Overpressure 

Position 

_ 'I'iLLl— 
50 

:)o 

15 

15 

50 

15 

30 

,'iü 

30 

 Automobile Debris Part 

Automobile Body 
Upper rUidy frame with Doors 
Front Seat 
Hood 
Roof 
Scat 
Seat 
Driver-Side Front Fender 
Driver-Side Rear Fender 
Passeni'"- Side Front Fender 
Trunk Lid Shell 

Automobile Body 
Roof 
Seat 
Passenger-Side Front Fender 
Trunk   Lid Shell 
Left   Front Guard Panel 
Driver-Side Hood Half 
Hinht   Front Guard Panel 
Passenner-Sidv ilood Half 
Passeni;er-Side Hear Fender 

Automobile Rodv 
Mmid 
Spare Tire 

Automobile Dodv 
Hoixl Shell 
Hood Hii.^cs and Bniec 

Automobile Roth 
Root 
Hood Framework 
Ilood Shell 
Hood Latch and Panel 
Driver-Side Front Fender 
Passenger-Side Front Fender 

Automobile Rodv 
Passeimer-Side Hood Hall 

Automobile IJodv 
Hoof 
Hood 
Passeni'.er-Side Front Fender 
(ias Tank 
Driver-Side Front Outer Fendei 
Driver-Side Front Inner Fendei' 

50 Automobile Hodv 
Roof 
Seat 
Trunk   Lid Shell 
Hood Shell 
Scat 
Coil Suspension Sprin 

10 Automobile Body 

15 Automobile Bodv 
Roof 
Spart1 Ti re 

Automobile Bodv 
Root Shell 
Hood Shell 
Seat 
Driver-.ilde Front Fender 
Hood Framework 

Automobile Body 
Trunk  Lid Shell 
Di iver-Side Hood Half 
Passenner-Side Food Half 

Automobile Bodv 
Hood Shell with Latch 

Part 
Weight 

(pounds) 

Displacement (fe •U_  

Radial '      Tangential 1 Tot .1 1 

_ 53 5 54 
3(iÜ'. 142 -29 145 

70-. 78 -92 121 
61 215 -68 226 
45 345 -89 350 
35 11(1 -31 114 
35 77 -6 7 i 

28 50 -7 51 
21 71 10 71 
21 167 -32 170 
19 37 209 212 

_ 19 -1 19 
57 126 206 242 
:r, 29 n 29 
28 9 -154 154 
25 115 137 1711 
16 57 -145 150 
13 92 -156 181 
13 169 -186 252 
12 31 -59 67 
12 150 -66 164 

_ 10 -1 10 
52 167 -63 179 
35-; 24 ■1 24 

_ 4 0 4 
42 198 -6 198 
13 257 24 258 

_ 51 -9 52 
65 78 -61 99 
35 209 9 209 
33 78 -57 96 
32 22 -1 22 
27 72 -20 75 
25 189 -5 189 

_ 5 0 5 
19 42 7 43 

_ 47 15 49 
59 193 4 193 
45 290 -96 306 
25 222 -16 222 
20 36 3 37 
13 262 -98 280 
10 35H 26 359 

_ ■11 4 41 
39 133 -628 642 
35 46 9 ■17 
30 176 -39 181 
29 136 62 150 
2V 11 0 14 
12 30 15 39 

- 0 n 0 

64 
C 
5 8 

c 
10 

35-. 21 -1 21 

_ 23 11 26 
44 -282 -13 282 
31 208 91 227 
29 -3 19 19 
23 11 -5 12 
23 40 117 123 

_ 4 19 19 
24 -271 32 273 
16 -272 -34 274 
16 15 -17 23 

•Positive indicates away from ground zero, negative indicates tovvar 

tPositivc inciirates an increase in bearing angle, negative indicates 

] Magnitude 

IF-'timated, not weighed 

40 

d ground zero. 

a decrease in be 

104 106 

iring angle. 
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Table 3.2.   Weights and Transport of Tumbling Blocks 

Tumbling 
Dlocl; Initial 

Tumbling Overpressure 
Block PoMtion 

Number (psi) 

l 15 

2 15 

3 15 

4 30 

5 30 

6 30 

7 50 

» 50 

9 r.O 

10 ion 
11 100 

12 100 

13 15 

14 lr) 

IT) 15 

16 30 

17 30 

18 30 

19 50 

20 50 

21 50 

22 100 

23 100 

24 100 

25 IT) 

26 15 

27 15 

2R 3 0 

29 30 

30 30 

31 50 

32 50 

33 15 

34 15 

35 15 

36 15 

37 30 

38 30 

39 3 0 

40 50 

41 50 

42 50 

Nominal Wright and Type of 
Tumbling Block 

65- Pound Plywood-Oment Composition 

(55-Pound Plywood-Cement Composition 

65-Pound Plywood-Cement Composition 

65-Pound Plywood-Cement Composition 

';5-Pound Plywood-Cement Composition 

65-Pound Plywood-Cement Composition 

05-Pound Plywood-Cement Composition 

65-Pound Plywood-Cement Composition 

65-Pound Plywood-Cement Composition 

65-Pound Plywood-Cvment Composition 

65-Pound Plywood-Cement Composition 

65-Pound Plywood-Cement Composition 

10-Pound Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

lO-Pounrl Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

10-Pound Flexible Polyurethane Foam 

2-Pound Flexible Polyurethane Foam 

2-Pound Flexible Polyurethane Foam 

2-Pound Flexible Polyurethane Foam 

2-Pound Flexible Polyurethane Foam 

2-Pound Flexible Polyurethane Foam 

2-Pound Flexible Polyurethane Foam 

2-Pound Flexible Polyurethane Foam 

2-Pound Flexible Polyurethane Foam 

2-Pound Rigid Styrofoam 

2-Pound Rigid Styrofoam 

2-Pound Rigid Styrofoam 

2-Pound Rigid Styrofoam 

2-Pound Rigid Styrofoam 

2-Pound Rigid Styrofoam 

2-Pound Rigid Styrofoam 

2- Pound Rigid Styrofoam 

2-Pound Rigid Styrofoam 

2-Pound Ri^id Styrofoam 

Api 

Actual             T 
Weight              D 
pounds) 

jroximate 
Radial 
-ansport 
istance 
(feet) 

6«!. 5 6.7 

05.5 7.3 

64.0 8.5 

63.0 36 

64.0 30 

61.0 43 

63.5 103 

63.5 150 

61.5 184 

Destroyed 

63.5 230 

61.5 317 

8.2 128 

8,6 127 

8.8 113 

8. ; 151 

8.5 96 

8.9 2 56 

Destroyed 

Destroyed 

Dest roved 

8.8 432 

Destroyed 

Destroyed 

1.9 118 

1.9 87 

Dislurbt d 

1.9 

1     (1 

-176 
1 7(1 

1  . ■' 

1.9 

- 1  ( ;) 

-189 

Destroyed 

Desti oved 

1.8 114 

1.8 98 

1.8 122 

1.8 103 

1.8 100 

1.8 93 

1.8 98 

1.8 8 

Destroyed 

Dest roved 
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_ 15  - 

FROM   SELF-RECORDING   GAGE   LOCATED AT 
840-FT GROUND   RANGE AND 242° BEARING 

80 120 

TIME, MSEC 

200 

a) OVERPRESSURE   RECORDING AT THE  I5-PS1 TREE 
GROUP   POSITION 

i 

FROM   SELF-RECORDING GAGE  LOCATED   AT 
540-FT  GROUND   RANGE    AND   260° BEARING 

80 120 

TIME ,MSEC 

ISO 200 

b) OVERPRESSURE   RECORDING AT THE   50-PSI   TREE 
GROUP   POSITION 

Fitaire 3.1.   Overpressure renjrdings by the support pressure transducers 
at the 15-psi and HO-psi tree ^roup positions 
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Tree No, 2 

c 

Tree No. 1 

Figure 3.2.   Postshot photographs showing remains of aspen trees placed at 15 psi 
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Figure 3.3.   Postshot photographs showing remains of spruce trees placed at 15 psi 
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Tree No. 8 

v 
Tree No, 7 

Tree No, 9 

Figure 3,4.   Postshot photographs showing trunk remains of aspen trees 
placed at 50 psi 
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Tree No. 11 

Tree No. 12 

Tree No. 10 

Figure 3.5.   Postshot photographs showing trunk remains of spruce trees 
placed at 50 psi 
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Fiiaire 3.6.   Cumulative weight distributions of debris from aspen trees placed 
at 15 psi. normalized with respect to tree weights 

50 

1 

 .  
     . ...■  .... JLL^I: ■■.   



■ 

wifflsmi^^wm^f 

■ 

, 

• 

■ 

0.00001 
■ 

Figure 3.7. 

o.oooi o.ooi o.oi o.i 
r."VXIMUM   FRAGMENT   WEIGHT / TREE WEIGHT, DIMENSIONLESS 

Cumulative weight distributions of debris from spruce trees placed 
at 15 psi, normalized with respect to tree weights 

i.o 
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1.0 

Figure 3.8.   Cumulative weight distributions of debris fror, aspen trees placed 
at SO psi, normalized with respect to tree weights 
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FiiMnc 3.9.   Cumulalivf weight distributions of debris from spruce (roes placed 
ut 50 psi. nurma lized witli respect to tree weights 
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x 
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2 

EACH   CURVE  IS A THREE-TREE AVERAGE 

0 0001 0,001 0.01 0.1 
MAXIMUM   FRAGMENT   WEIGHT/TREE WEIGHT,   DIMENSIONLESS 

Figure  3.10.    Average  cumulative tree-debris weight distributions of each 
specie-overpressure combination, normalized with respect to tree weights 
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Fii^re ?.ll.   Average cumulu.tive tree-debris weight distributions of eacii 
specie-overpressure combination, normalized with respect 

to branchwood weights 
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Figure 3.12.   Comparition of average cumulative tree-debris weight distributions 
obtained in this project with similar distributions obtained in a 

shock tunnel, nonnormalized 
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Figure 3.13.   Length/diameter ratio variation versus diameter for debris 
from aspen trees placed at 15 psi 
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Figure 3.14.   Length/diameter ratio variation versus diameter for debris 
from spruce trees placed at 15 psi 
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Fijiiire 3.15.   i.ninth diameter ratio variation versus diameter for debris 
from aspen trees placed at 50 psi 

59 

fif^i^r^fölröy^^ftfifr^ ■  ;.      „   . ,.       . U..J töü^xMJiiä.^^.^ tii:. .:'..< 



~     :  ■ ws??T»r-" '"^^w^STfr:"" '~^?fi^ir^"' ^'^^^^^s^^-m^ 

THREE-TREE   AVERAGE 

THREE-TREE   BOUND 

UPPER   BOUND 

.25 .50 .75 1,00 

FRAGMENT   MID-PRINCIPAL-LENGTH   DIAMETER    !d),INCHE3 

1.25 

Figure 3.16.   Length/diameter ratio variation versus diameter for debris 
from spruce trees placed at 50 psi 
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EVENT   DIAL   PACK,  THREE-TREE  AVERAGE 
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Figure 3.17.   Comparison of average tree-debris length/diameter ratio versus 
diameter plots obtained in this project w;th similar plotr obtained 

in a shock tunnel 
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Figure 3„18.   Average effective density versus diameter for tree debris 
of each specie-overpressure combinatiOii 
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a)  15-PSI TREE-TRUNK-SECTION  DISPLACEMENTS 

LEGEND 

0 INITIAL TREE  POSITION 

-"=] POSTSHOT POSITION OF 
TREE-TRUNK SECTION 
(WEIGHT OF  SECTION 
INDICATED  IN LBS 
ALONGSIDE) 

—  TRANSPORT OF  TREE- 
TRUNK   SECTION 

■«• DENOTES   POSTSHOT 
ESTIMATE  IN  PIPE 

SCALE 

r- 

0 100 

■■so 

b) 50-PSI TREE   TRUiMr'S-SECTION   DISPLACEMENTS 

Figure 3.21.   Transport and postshol orientations of trunk sections 
from trees placed at 15 and 50 psi 
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LEGEND 

a)l5-PSI   AUTOMOBILES 

PRESHOT AND  POSTSHOT 
AUTOMOBILE POSITION 
(DOUBLE  LINE   INDICATES 
FRONT) 

TRANSPORT OF 
AUTOMOBILt BODY 

NOTE    AUTOMOBILE   NO.9 AT 
10  PSI HAD MO TRANS- 
PORT 

SCALE 
T 1 1 1 

50' 

b) 30- PSI    AUTOMOBILES 

Ysn* 

50 PSI 
540 FT 

c)  50-PSI    AUTOMOBILES 

Figure 3.28.   Transport and postshot orientations of automobiles 
placed at 15, 30, and 50 psi 
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CHAPTER 4 

CONCLUSIONS ANT) RECOMMENDATIONS 

Reüahlt extensive data on the fragmentation of aspen and spruce trees at 15 

and 50 psi caused by a SOO-ton classical liigh-explosive detonation were obtained in 

this project.   Specifically, the acquired tree-fragmentation data were the cumulative 

weight distributions and mathematical size descriptions of the debris from each of 

these species at both peak overpressures,   As one prominent conclusion, it was 

determined that about 60 percent of the branchwood weight was fractured from the 

trunk fragment sections of the trees placed at  15 psi, and nearly 100 percent of the 

branchwood weight ^vas fractured from the trunk fragments of the trees placed at 

50 psi.   The reliability of these data is established since they represent an average 

of the individual results pertaininL', to each of the three trees of the same specie 

placed at tiie same overpres.sure and, in addition, these individual results were 

consistent for trees of the same spec ie-overpressure combination. 

It was deduced that this obtained tree-fragmentation data would have been 

similar for tree species similar to aspen or spruce, correspondingly. 

A comparison of the tre( -fragmentation data results of this project with simi- 

lar results from a slock lunnel indicates that fairly accurate tree-fragmentation 

data can be determined m shock tunnels.   Shock-tunnel tests usually offer the 

advantages of less expense and more convenience in comparison with field tests,. 

!i further tree-fragmentation data is needed, the use of a shock-tunnel facility is 

recommended for its acquisition when practical. 

The tree-debris cumulative w   ighl distributions from this project represent 

lower bounds and the tree fragment sizes from thio project represent upper bounds 

of those that would result for similar species at the same overpressures but larger- 

yield explosions.   It is reasoned that the fragmentation of the small iree debris 

would not change much for 1'   ger yields, but basically just the fragmentation of the 

large branches and the tree trunks would change. 

Also obtained in this project were accurate cumulative weight distributions 

of the debris from the automobiles placed at 10.  15, 30, and 50 psi in this blast. 

On the average, only about  15 pounds of debris was blown off the 10-psi automobile 

as mainly large windows wen  blown out: around B0 pounds of debris originated 

from each of the 15-psi automobiles:  about 160 )•  -inds of debris v as generated from 

every 30-psi automobile:  and nearly 400 pounds of debris came from each 50-psi 
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"utomobile. The automobile-debris cumulative weight distributions plainly show 

that a considerable number of small automobile -debris parts, as well as quite a few 
large parts, were blown off the automobiles at 15 psi and higher overpressures. 

These distributions are quite reliable since they depict the aver age of the debris 
from four automobiles at each of the designated overpressures with the exception 

of the 10-psi distribution. 

Unlike tree debris, the sizes of the automobile debris parts could not be 

mathematically described because of their marked diversity. 

The automobile-debris cumulative weight distributions obtained in this pro­

ject represent lower bounc!s of those expected at the same overpressures of higher­
yield detonations. The reasoning is analogous to that used for the tree-debris 

cumulative weight distributions. 

The dispersion and lofting of the tree debr is at 15 and 50 psi in this blast were 

estimated in this project. The tree-debris ground distributions were used as the 

basis for these dispersion estimates. It was determined that the tree-debris disper­

sion was roughly the same at 15 and 50 ps i for the spruc e and aspen trees, but varied 

inversely with the weight of the t r ee fragments. Fr0m the high-speed movie films, 

the lofting of tree debr is was seen to have been negligible at these overpressures. 

The dispersion and lofting of automobile debris was also estimated where 
possible. The trends proved different than for tree rtebris. The dispersion of the 

automobile debris at 15, 30, and 50 psi was based on the corresponding ground dis­

tributions . This dispersion s howed a tendency of increasing with overpressure and 

was just as large for the heavie r parts as for the lighter ones. Considering just 

heavier fr;)~ments, the dispersion of automobile debris was considerably larger 

than the dispersion of tree debris. The lofting of the automobile debris parts was 

quite large at 50 psi , up to a 60- to 70-foot height, and slightly less at 30 psi, up to 

a 30-to 40-foot height: the lofting of the 15-psi automobile debris was not visible on 

the high-speed movie films. Flat s heet metal parts were the type of automobile 
parts which were dispersed and lofted the most. 

The radial transport of various tumbling blocks placed at 15, 30, 50, and 
100 psi were measu r ed in this project. The transport dis tances seemed reasonable 

excepr t hat those at 30 psi were affected by a blast anomaly. 
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APPENDIX A 

RAW TREE-DEBRIS DATA 

The tabulated raw tree-debris data is contained in this appendix.   The data 

consists of the 15-psi tree-debris data (weighings), recordid according to the 

15-psi grid squares; the 50-psi tree-debris data (no weighings) logged according to 

the 50-psi grid squares; and the weighings of the 50-psi tree debris after it was all 

gathered from die 50-psi grid network. 

In every 15-psi grid square, either the number or the total weight of the 

15-psi fragments from each tree in each averaged-characteristics group was re- 

corded, and the length, diameter, and weight of the 15-psi fragments in each 

individual-characteristics group were noted according to originating tree.   The 

50-psi tree debris in the 50-psi grid squares was tabulated similarly, except thai 

the individual-characteristics fragments were just measured but not weighed. 

Instead, the weighings of thir. debris were made after it was measured in, and 

gathered from, the 50-psi grid squares.   Note that only the group number was re- 

corded (i.e., the group was 1 instead of SI or Al) since the originating tree number 

indicates whether the fragments were spruce or aspen. 
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lrj-PSl   RAW   TREE-DEBRIS   DATA,    TABULATED  ACCORDING   TO   15-PG1   GRID   SQUARES 

CRID 
TRtE      GROUP 

1      -6 

5      -6 

r.s      (INCHE 
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LENCIM 

Of   FflA^S 

AVERAGE 
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(!HEHi51 

IOIAI 
1.1 IGMI 

0!   (RAGS 
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.Hi 

15-PSI 
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15-PSI   RAW   TREE-DEBRIS   DATA,    TABULATED   ACC0RD1MG   TO   15-PS1    GRID   SQUARES 
P5I mit'.l ".(«» f 'QT*. 

.^'j:*< 
0(    f B. 

-i} »t!Gt" 
i,»»! '»ft :> '=v:s Qi   fO«C5 • «0 «C       ten,-. ;s »t1:- (INCHt POUMJS) 

•o      1 

I       1 

;    -1 

.0!! 

.026 

. 19Ä 

n-psi 
OS ID n;jf 

^OuAlli IREE :POUP 
»0. NO 

9       ■ 1 

!      2 

A.EPAÜE AvEOAOt 
LENCIH niAME'EB 

Of   rRAGS 0'   EPAC', 

.HIMESl UNCMES' 

«EJCMI 
Of fßAGS 
iPOUhOS' 

16) 
Oil -!! 
0?7 
0/' 
0» 
066 

.01) 

. CM. 

.099 
.!2 

.!J1 

.291 

..'61 
i!; as 
2iJ \.'.rr 

2.01.' 

77 

:*^£»ü£»tä&i&ii^^ ,   ■ ■.   ; . .•■... ... 



?855'S^^^ 

15-PSI   RAW   TREt-DEBRlS   ÜATA,   TABULATED   ACCORDING   TO   15-PSI   GRID   SQUARES 
>1   PS1 AVERAGE AVE1ACE TOTAL 

C»10 NUMBER LtNCTH l)l*M£tER HEIGHT 
SQUARE 'REE CROUP       Of 0(   fRAGS Of   fR*G5 OF   fRAGS 
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15-PSI    RAW   TREE-DEBRiS   DATA,    TABULATED   ACCORDING   TO   15-PSI   GRID   SQUARES 
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15-PSl RAW TREE-DEBRIS DATA, TABULATED ACCORDING TO 15-PSI GRID SQUARES 
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15-PS1   RAW   TREE-DEBRIS   DATA,    TABULATED   ACCORDING   TO   15-PS1   GRID   SQUARES 
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15-PSI RAW TREE-DEBRIS DATA, TABULATED ACCORDING TO 15-PSI GRID SQUARES 
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TREE      GROUP         OF           Of   FRAGS OF   FRACS OF   FRAGS 
HO            NO.        FRAtiS        UKCMESI (INCHES) (POUNDS) 

4 1                        OJJ h             .an 
3                          Obb 

9. I                      .Oil 
i »                  .Ott, ! j               .ant 

.5 0!S :] OK, .» ^'.! .o .245 ^^ .»» 
. t !.505 

.i :«' 

.bZA 

.lO") 
15 .066 
1 OJ! 

,*1 026 
1    IJ1) 
1   ?(■« 

^, 
.2?', 

n-psi AVERAGE 
GRID 

5QUABE TREE GROUP OF 
X       1 »C «0. FRAGS (INCHES) 

? 

AVERAGE     TOTAL 
DIAMETER   HEIGHT 
OF FRAGS OF FRAGS 
I INCHES) (POUNDS) 

.(m 

.0*4. 

, 17« 
01S 

.01« 

.is; 

..-«8 
531 

.035 

.009 
.2) .001 
.25 .018 

.026 
.25 .057 

:]\ .Ot 
,01 I 
.1!.5 

.287 
.375 ,287 
.5 033 
.25 ,04« 
.1J7 0'! 
.187 .011 
.25 .018 

.011 

83 
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sw?^--'      ■    ■ ^^j^^^pip^w^papi^ii^^^ 

15-PSl RAW TREE-DEBRIS DATA, TABULATED ACCORDING TO 15-PSI GRID SQUARES 
AVERAGE AVERAGE TOTAl 
lEHC.TH OIAMEIER HEIGHT 

Of   fAGS OF   ERAGS Of   fftAGS 
MHEHESt (INCHES) IPOUNOS) 

1IJ 
25 

on 
oil 
o;.' 
.01' 

1VPSI 
GRID 

SOUABE  IH£E 

AVERAGE AVERAGE    10TAI 
LENGTH OIAHETER   HEIGHT 

Of fRAGS Of fRAGS Of fRACS 
(INCHES» (INCHES) (POUNOS) 

1 3 M .' 1 .' ; 
»1 

i 
1 

6 
6 
? 

1 1 n 

is; on 
i m 

OM 
. 11 
.\u s CIS 

M .0^^ 

z .\ .11 
0 M .617 

.066 
I. 

1 

.n .0^ 

VI ,175 .c:.' 
7.5 
5. Ji 

.tii 
661 

Z. .75 !'>v 
0. ,!I{ .o-i'i 
6 JTJ .0,'t, 

75 041 
I   •, .5 .o;: ! .117 .011 

CSJ 
HI 

J?. 
4 

.22 

:!!6 
1.025 

9 J*! .09V 

u 5 
I 

. 0! 5 

.018 
07- 

a. 
5 

.066 

.UM 

2.i 
.25 

.25 

7 5 7 
^52 
957 
1-2 
U! 
165 
0!! 
01! 
022 

4!!. 
1 025 

077 

.009 ) ■ni 
:■;; 
.1!,- 

.562 
75 0» 
177 OM 
5 

.287 

W 
.!J1 
.4 52 
.452 
.564 
.176 

5;; . 198 

1;5 .081 

84 
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^^WJ^SBW^^?; ' " " -■T^f^W^^WW,CTn!W??Kl?Rtr'! 

15-PS1   RAU   TREE-DEBRIS   DATA,    TABULATED   ACCORDING   TO   15-PS1   GRID   SQUARES 

Sl^ACf        IRSe       t.Br" 
( lt(,'MF5)       fPQuNDSl 

.26^ 

0» 

1.0V8 

SQUARE 

AVto*0E AvERA&E TOTAL 
LtNCTH 0IAW[T[fi UEICHT 

Of    FRAGS Of   FRAOS Of   FRAGS 
(UCHESl MNCHES) (POUNDS) 

6S. 

2              i \ 
^            3 ^ 

.2^ .04* 
0** 

1                    !. 'I1' .022 
1                   <). 05 J 
1                   ft. ! 512 0fa6 

J                6 n •i s 
1                (i 

i 
5! 

i. 
12. 

1  ^f'. 

21 .on 
Zf   ■ .on 
ji; 055 
StS .051 

.051 
0!! 

0 t 

1 9 

!       1 

I  5 

!. 

f 
25 

.0^ 

02! 

r o" 
:o;! 

.32 

.0*4 

10       ■) 

-10     10 

85 
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1 ■--SW!I»W*J»T'  -   as^ffltr^swgwta^g!»!^'?!»^          —T*Ä'^'!?;,!^?r?is"i:,~,i?.'(; 

15-PS1   RAW   TREE-DEBRIS   PMA,    TABULATED   ACCORDING   TO   15-PSI   GRID   SQUARES 

0     '0 

;   !0 

.'03 
Oil 
O'.o 

.0»» 

o/; 
CM 
O'-b 

.at 

.0!! 

812 791 
6.^ s« 
»?5 .iH 

lO'l 

r'' 
V 
61." 

;o 
!1 
11 

Ili » 
Js .On 
1!/ .0" 

w 
6 «! 

u; 
'si 
)'■. 

! .0*6 

Of.*) 
on 

.009 

1VPS! 
OP 10 

SOuAfiE TREE      GROUP 
HUMflEB 

Of 
MAGS 

AVEPA&E AVERAGE TOTAl 
LENGTH pi*NEUfl HEIGHT 

Of    FRAGS Of   FRAGS Of   FÖAGS 
<INCHES) ( IHCHESi (POUUDSl 

I     ] ^ 

2             •. Q 

11 
3              3 ; 
J             2 i! 

On 

.822 

066 
. 19Ä 

1.' .   I! 
n . n 
71 .   !! 
'i Si 

.on 
O'N 

.58? 

3             1 

1            5 
1 

.25* 

.39? 
1.25? 

i               6 

1       J 
!             6 
!             6 

1 

1 
0 
l 

7. 
10. 

; ',i 
52. 

OT. 

J09 

3              * 

1              1 
!          t 
*          ^ 
'i            i 

IS 
70 

tot 

I 
1 

,1 
J 

'• VI 

!   * S                 6 

)                  1 

1 

1 
1: 

,2! 

.0   i 

.on 

. 6 B \ 

86 
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5-PSI   RAW   TRFE-DEBRIS   DATA,    TABULATED   ACCORDING   TO   15-PSI   GRID   SQUARES 
.■««Cf Avf-A^f roT»i 

M*H[ Tto K'   1C,HI 
Of   (B*Gs Of   tRACS 
(JMtMt S> (fOüsrisi 

Kl Oil 
3^ ui! 
t'l 

on orr 
. 309 

.O^i 

.o.v 

.:oi 

.r-, 

.lit :\> 
i .OSJ !! 033 
1 ,C33 
J 00' 

'VPS I 
OfilO NUMBER 

SQUARE       IRK      GROUP        Of 
»RAf.S 

-t   n 

A^föAOE AVERAGE IP'AL 
LEJuGTH QlA^nffl WIICHl 

Of   'RAGS 0'   f^AGS Of   fRAGS 
iINCHES' i IKCHtS' (POUHlS) 

: 151 
ti! .0" 
:■> (■>■> \'! OSi 

Ci! 
on 
.3" 
.i»5 
.0** 

in . or? 
«.■•, .01« 

■5 

0,>J 
US 

.0^9 

-OJJ 

87 

.■■-JA 



pjlH^jSHra^'^äS^^S^^S^W ^^^l^^^^^^^V^^.^^"^', mm^^^ff^^^ 

15-PSl RAW TREE-DEBRIS DATA. TABULATED ACCORDING TO 15-PS1 GRID SQUARES 
n-psi 
CR'O NU'-eE" 

SQlMflf rPtt JP     :f 
■        y NO i«; tBAC5 

1 r.    i 1 

^Indicates bark; a value listed 
under average diameter column 
denotes average width of bark 
fragment(s) 

.     . .   . .       ■ -■ 



50- 0 SI RAW TREE- DEBRIS DATA TABULATED ACCORDI NG TO 50-PS I GRID SQUARES 
'9-~1 1 

silu:J1 . . 
·I 

·I 

0 • • 

I • • 

·l · ) 

. , ., 

0 · l 

1 ·l 

· 1 · l 

uu 
'-0 . 

I 
I 

li 
l 
J 
I 
I 

' I 
1 

10 
'I 
II • • I • I 

I 
I 

' I 
I 
I 
I 
I 
I 

11 

" ~~ 

~ 
I 

~ 
I 
I 
I 
I 

!! 
I 
I 
I 
j 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 , 

~~ 
i 
I 
I • • I 
I 

~ 
I 

' II , 
!{ 
II 

" • ;) 
~ 
I 
1 
1 
1 
I 
I 
1 
I 
1 

10 • • ' • • I 

~ 

• • • • • • • • • • • • • . • 
t 
1 • • • • • • • • • • • 
j 
• • • • • • : • 
~ • • • • • • • • • • l • • • • • • • • • • • • • 
J • • 
~ • : • • • • • • • 
1 

i • • • 

i 
I 
I 
I 
I 
I 
I 
I 
I 

! 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
i 
I 
I 

f 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 
1 
I 
I 
I • l . 
l 
I 
I 
I 
I 

~ 
I 

l 
I 
l 
I 
I 
I 
I 

lj 
: 
I 
I 
I 
I 
I 
I 
I 

~ . 
i 
I 
I 
I 
I 
I • I 
I 
I 

.. 
1: 
l: 
r 
• l 
I. 

i: 
l . .. 
I 

lo 

I . 

I I 
I . 
~-

f .. .. 
l . 

li: 

.. 
1 • .. 
1.1 

10 . 

!: 
' · .. 
<. ... 

lo . 

i:l .. 1.1 
t 
p 

11 . .. • 1 . 1 .. 
l . .. 
I . 

t 
I . .. 
1. 

18: I 
II. 
' · I . 

f 
:tl: 
I . 

. I 

I . .. 
10 . 

t 

16 . .. 
1 . 1 

i: 
1. 

i: 
l . 

I 
l 
I . 
1. 
1 . 1 

IO I' 

.) 

. ) 
I . .. . 
: . } . 
:.l, 

I . 

:H 
J, 

1.~ 

y,, 
. lll 
dll, .. 
l:l 
I . 

1. • 

:JP. 
l: 
I . 

~ ~ ! 
I . :a 
l:l 

·I' :J,, · 

l·l' . 
1:11 

:r' :.l 

89 

'9;)11 

S~J-'¥E . ' 
·1 ·Z 

0 · I 

I · I 

_, · 1 

0 · 1 

1 · I 

·1 

., 

· I 

· I 

t•u .•. 
I 
I 
I 
I 

~ 
I 
1 
1 
1 
1 
I 

11 
1~ 

• I 
I 
I 

t 
I 

i 
I 
1 
I 
1 
1 
1 

1f 
11 

,; 
11 
a 
11 , 

:I 
' ~ 
~ 
1 

~ 
I : • 
j 
• I • I 

1l 
10 
10 li 

I 
1 

" 10 
II 

" II • 10 

;t 
IJ 

I 

' I 
I 
1 
1 
1 

' I 
I 
1 
I 
I 
1 
I 

' 

·~fEO c:r.' JbGS 

• • • • • 
1 • • • , 
• • • • • • • . • . • • • 
i 
J 

i • • • • , 
• • 1 
1 • • • • • • • • • • • : • • • • • • . • • , 
• • • • t 
t . 
i • • • • • • • • • , . 
• • • • • • • 
i • • . 
• • • • • • • 

. 
l 
I 
I 
I 
I 
I 
I 

! 
; 
I 
I 

! 
l1 

I 
I 
I 
I 

l 
J 
j 
I 1, 
I 

l 
I 

l 
I 

j . 
I 
I 

~ 
I 

II 

' l 
I 

l 
I • 

I 
I 
I 
I 

: 
I 
1 

' I 
" I I ,. 
1; 
I ' 

' 10 . 
i I' \ 

10 
II 
I 

I 
I 

13: 
i· . . • I l 

+ J· 
10 
I 
I . 

I~ : 
11 . 
I . 

" · 10 . 

J:l 

.. 
J .. . . 
II, 

10. 

't· 
+ ... 
.. 

1• . 

'L 
~
1) : .. .. 
10:: • 
I . .. 

AV(ItA.!il 

81 '~~!f; 
c J\:toi1 ) 

.n 

:t 
I 

Jl 
·!P 

' I I 
l . 
I. > 
I. 

I 
I 
I • r .• l, 
J,l 
:l 

:l, 

. Ill .. . 

.11 • 
l:lll 
I . 

!: 
. I 

:l" 
I . 
1. lu :m 
i ~J": 

. I I 
I . I 
1. 

l:l' 
: ~~: 

1. 
1. 

.n 

. I 
I. 
I . 
. I 

0 ,1 

I. 
1. 1 

d~' .. 
i.Hr 
I . 

:Bj 
·' ' 
Ul ., 
!'I 

:+ 
• . 1 
I . 

I ll 
I 

10 I 
I : 
"l .!'1 
'I 
I 

II. 

u . 
ll• . 



^S^WfjRSseps^^ 

50-PS1   RAW   TREE-DEBR:S   DATA   TABULATED   ACCORDING   TO   50-P5I   GRID   SQUARES 
AVfOAGt AvtdAr.F. TOTAL 

»b*e.."- (.ft:'" CUME't» MEI'jMT 
Of Ot   fflA.S Cf    (fiA^S Of   fPACS 

fRA&5 CKCH^I : l'irnfS1 lPOUIi.15) 

JO-P51 A-fCAC.F 
CRIO wmn .ENC'r 

SOuAflt "»EE 19CUP Of 
NL ■iC fRA„S ( INCHfS 

1 IJ^ 

9   ? 

IS 

6.^ 

90 

. ■, - £&&&£&& 
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'■ ■      "• ■■^■T^rwc,-T^rr■"■■"   " """" ''^^rF^^-T^^?^^^^»??^^^ 

50-PS; RAW TREE-DEBRIS DATA TABULATED ArCORDIN'G TrJ 50-Pc: GRID SQUARE? 
VO  PS I 

."10 
cf mA.iS    :<  »SAGS    0'  'L*c,s 

9] 

■1       1 

.'■.■v'i-■■■ ^■. -. .     -        ',:-\.i;->«,V' i . ■   .■ • litäA&ÜL^d^i.^-.-. ...... 



v^mm^if^s!. 
BUPBsppsgss 

50-PS1   RAW   TREE-DEBRIS   DATA  TABULATED   ACCORDING  TO   50-PSI   GRID   SQUARES 
Avfr^cr AVtRAOf tOUL 

MUlfiER IEH0IH 0U"E>IR »E10M1 
0> o' m<cs Of   I RAGS OF    (RAGS 

<F.»iS lt(C»tSl Cl«[«t§l (POUNDS) 

,]] 

.6.') 

1^' 

1.2! 
.US 

■$ 

n V 1 

■;■• 

5^ 

:]'A 

Vt\ 

^0-P51 *vtP*Gf 
&RI0                                      NUMBSB LEN&'M 

SCUAHt I-*FE      CROUP        Of Of   SPACS 
K       » NQ           HO,        FRA&i I !Nr.MiS I 

DlAME IfB 
Of FRAf/j 
( INCHESi 

.21   • 

;H' 

.B'^ 

.n 

92 

-■■''■ ■■ ^   '  - ■ ■ 



sB^ppw^Tw^n? 
rt^^i^s^jjiieTi«»?^^ 

5 0-PS1 RAN TREE-0ESR1S DATA TABULATED ACCORDING TO ^O-PS! GRID SQUARES 

Of  eJAGS 
( INC'-ESl 

AvtfiAGE 
DllWt'EI 

1IHC^tS) 

»> 

'0, 1 

10 in 
u5 

6 ■33 

:iii 

TQTAL 
MEicir 

Of   (HAGS 
(P0USD5) 

GRID 
50'jAaf 

NUMBER 
Of 

ffiAr.s 

AVERAGE 
U'.GTH 

Of   fD/'S 
(IKCHtS) 

AVERAGE 
C1AHETER 
Of >"*:s 
IlNCHES. 

roTA.i 

Of f«»GS 
■POUS^' 

.vs 

io.5 j 

n p .'1 

'I» 
AW 
^7^ 
/s 

Ac , "5 t: '■• 

«  5 6^5 

1 0^' 

93 

 ,  ., „i, —i— 



W^mwpwfif^vivfimQSRl^^ 

50-PS1 RAW TREE-DEBRIS DATA TABULATED ACCORDING TO 50-PS; GRID SQUARES 
AVfRAGE AVFB* F TP'*L 

HHHSl* » 
mn ORCUP        .'I Of      tHA, ,s nt   i3A' 
HC h-J             »BAGS Mtt"!  . 1 l*'.'-l PO^St,' 

1.^ 

J7* 

in 
3^ 

■IO-PSI 

'vr.Afif TfifE    GfiruP 

94 

 ^_, v, .   ..._.. . B 



50-PS I RAW TREE - DEBRIS DATA TABULATE D ACCORD HIG TO ~0-PS I GRID SQUARES 
'o·•~1 AVf:AA~E AVERA.Gt -~·~~~) '~~~~ 

AVERAGE AvtttAG£ TOTAl 
S~! I~H G~r. ·~r· ~!.GIH 81~~m lOA ~,!. LU CtH 81~l!i~ o~Eii~ls ?u~~~ OJ- • .lAGS S AAE TREE Of fAAGS • . . .. • • JRAGS ( 1~0:£$) <POu•OS> • • ••• o'G': FRAGS C I N C~($) (JN(Jt(:) CPOUIIlDS ) 

11 l l1 ·1 • ~J 
8 . r 1( • • • u . 

II 
• l jb . oz~ • l8 . • I 

~ I ol. 1. • I '· J' 1 • I ) . 

:r • 1a . . -~11 • • z!; • 4 • 

Jh • I 
: 7 ) • I ll. • I • I 4 • • ' ! · • 1 1 . • I 10: ·"'' • 1 1, . • I :lt$ ~ 11 • ' 4 . ' 11 • I u • I 11. r 11 • l • 1 II . 

11 • I ... • I "· I . ' 11 • i .. II • I 1 • 
11 • 1. 1 • I 40 . 

I : t 10 • I 4 . • 6l 1 • 1 4l. 
11 • I 1: ~ ~d ; 

10 • I " · J ' 11 • I 10 • I ' '-11 • i 4. 10 • 1 
11 • '· 10 • j a. -~11 11 • I u, 1. 10 • .. :.h 11 , I .1, 10 • .. 

1 l 11 • I "· • :~11 1 • I 11 • 1 ,~: I ! ~ 1. .117 • 1 

J i t • I 10. l:m , 4.1 .l, • I 10 . .. l I • I 4 , 
1 • 1 '· Jt' • I ~~ 1 • 4 4. • 4 
1 • 4 h • ~ 1 
1 • I • I ~3: r 1 • l 11 • • 1 I 1. 
1 • I '"· • • 1 ... • 1' . , 1 l I • • " 4 • . ' 1 4 I • • 1 11. :.H 1 • I (' · .111 • t 1( 

10. 
1 • I .. 1. 10 
1 • l l :JH 

10 I 10 
1 • 

I I 

10 4 1 
1 • 10 1 l 40. .s 

·• 1 , . I 10 ' 1 10 • I "· 1. 
1 4 10 • i •O. 11 
1 ' I 10 • zo. ··r 1 • ' T . J1! 10 • I 4 . .• J 1 • I 1. 

'II:. 
10 • I! 1Z. :ia 

I 
1 • } I • 18 • a. 
1 • " · • 4 • 
1 • .. 10 t J 4 . l . • 
1 • 11 .. 11 
1 • ' 

4 , 11 4 
I • l. 11 4 I 
1 , I I . 11 1 I ~J: :h ., 1 1~ 11 1 I 
1 4 11 • 1 H . 1. 
1 ' a 11 • l 4 . ·"j 1 • l t · 

jJ!i 
11 • I ~~: .11 

1 • I 11 • J .4) 
1 • " *" 

11 • '· 1. 
1 • • IZ • I .. ·' 1 • II " · 11 t • 1 • 1 . . ' . IZ .. 
1 • r- . 1~ 10 I 
1 • I 4 • I.J.I 10 l l l 
1 • i l . . oz 10 • I 4 , I . 
1 • ., :ii . 10 • ' ] . IZ . &1\ 
1 • I li: 18 • 4 .. , ·' • • I • l ll. .ol \ • • ~ 11 • : }, i! • II ·' • • li: • • 11. :Jn • , I ·' • 4 i ' · & 

I 
10 • 4 0 . • 4 10 • l ... 

~ :.n • • l . · t~ 
10 • I " · l • 10 . 10 • l ~~: I • 1; 

14 • : ,, 10 • I ·' · l 1 l 10 • I 1£. . 4)1 
1 4 

1t 
11 • z ··' r · 1 ' 11 • .. 4 . . 1:• 

1 1 •o. ·' 11 • • I . 

' • ! z•. Jr 11 • I Z .. 
J~ I • 12. 11 • • 11. 

1 • Zl . 1 . 7 11 • 10 .. 
' • 1 11. ·' 11 . i 1' . : ~ ' • 12 I . :m 11 • 11 . 
1 • " .. 11 • Zl . :m I I H II • I 1< . 
I . " 11 • I H: I . 
& ' ' 11 • I ' Js a ' l • l. :m II • I ... 
I 1 •.. 

!I 
• I 4 , 7) .s 

l • I H: 

+' 
• I '· :.q • • ll • ~ 10 . 

I • 10. • 10 . Z\ :l, l • . .. • I 1& . 
I • z ' · 1/ • I l~. . &1 • • I{ 

l. 1l • I : ~t( & . . :H 10 • I :!. 
I • (, l 10 • I 1 •• , .'\ • l 10 • I p I • . I ' 10 • ~ . I • ' I 11 ' , H \ . • I lo. . 11 • • I p . ., 
• • !l ,, 

- ~ 1 • • I ... ,., 
• • ' 'i: :!H • l I . ' 10 • • I . , ... . • • ' • • • ' ·' • ' • l. II • I .. ' ., " · • ~ 

... l: :W 11 l • I :c • & . , 
10 • , ·z l .. 
10 . ! :I· .I :\ l 
10 • • .P't • I ~ - ) ... , 
10 • , .•. I . •I • ' · '.· ' · 1 . I" I$ • ! • l .. l : ~ • ·, 

" . l l •i • ' . j I I • :,i· . •• s. . J I \ " • ., 

95 



jBrztK&gmtsmr^^ 

50-PSI   RAW   TREF   DEBRIS   DATA   TABULATED   ACCORDING   TO   50-(lS!   GRID   SQUARES 

GRID 
AVEHAGE 
ifSO'H 

0^   'RAGS 
tihCHtS' 

AVtHA&E 
01*«£TER 
CE   'HAliG 

in 

.71 

rouL 
WEIGHT 

Of ffiAGS 
CÜUNDSl 

GRID "UM, 
SQUARE       'PEE      QROU^ 

96 

^t«A[i'j AVERAGE TOTAL 
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50-PS I RAW TREE-DEBRIS DATA TABULATED ACCORDING TO 50-PSI GR ID SQUARES 
'tt~· AlltiiAC.l A \II~ TOTAl 

~~ 
AY(IItAQ AVf-._AQ l OY Al 

II\IIIBtO rl(,GTM o<W£1~s ""ilfE" ~~[ri!fs 81":'£.:~~ W( JC';H t SCU~E IOU ':&'."' or .. ~~ 81~~$ ••t t - ~~~i1 • ' 10 . ~~s ll l tl<E I CPOUX ) • ' 10 10 . JI!AI;S ( IJi ttll) c newts~ 

l 10 11 6 1 10. . \ ., • 6 !' · :m " • l 6. \ . 1&7 J: 11 • ' · 11 • 1 1. :m • • lS: .. 11 • 1 1 . • • . \ 
11 • 1 .. 

·t~ • • 11 • 1 r • \ 11 • i : ~ s • • 1! : r~ 11 • .11 l 
f' 

10 • ~~ ~ 11 • 10 • f' · 10 • .. .s 
11 

~ :J , .. 11 

" " • 1 10 • 

~Hl H • 1 h • 1 • 1 j:l\ " • 1 ·• 11 1 • 1 :t,) 
' • 1 1 . dl' -s 1 • 1 l . 11 1 • 1 •.. :!i) -· 11 1 t 1 ''· · l 11 

I' 1 • 1 "· 1. 1ll 
1 t 1 10 . 1. 

· l 11 10 l 
1 • I 11 • :m • 1 11 11 t 1 6 0 . 

0 11 11 s 10 • 1:1 :m 11 6 1 

1 
10 • 1 11. 

11 10 I • 1 • 1 11 . :r 11 • 1 11 . 
10 • 1 1 • : ~~ 11 • 1 + 10 • I 

l 
11 t 1 .. .. 

11 10 •o 
11 10 
10 • I :: ~ :m 11 • 11 • • 10 • 1 iA: :H! 11 • 1 
11 t 1 01 . . 11 

l 11 11 

J 
10 
10 • 1 . J11 11 • .. 
10 • I •l : . • 11 
11 • I ) 1 . .. 
11 • I .. . ol \ 
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10 I 
11 • l .. :llf 

=t ll I 6 I ... 
1 • I ,,. . 41 
1 • 1 I . . II 

10 ~ 1 *Indicates bark; a value listed 11 i 10 • ll . :}H 10 • 1 10 • under average diameter column 10 • 1 6 . 
10 • 1 zo. . I 

denotes average width of bark 1 1l 11 • ' 1': .1 Ji~ 11 • 1 
10 • 1 11 . fragment(s} 10 • 1 11. 
11 . 1 "· 11 

~ 
1 10. .l 

l 1l 11 l 
11 I l 10 • s 1 • ~ ln 11 • 1 • 
10 • I I. 
11 • I ' · . . , 1l 11 I l 
11 • 1 10 • :h " • 1 I. 

" • 1 • . 1 :W 10 • I .. 
11 • 1 11 • '.l' 11 • I r 

=l !I 
, • I o. . ;,~s • • I I. . I , 

t 1 10. 1 . 
11 I 
10 • 1 &. . II\ 

1 II 11 , 10 
11 • I .. . IU 
10 • I "· J 11 • 11. 
10 t •o. . II 

l I) " •• . l: r l 11 11 • " • I . . 1\ 
10 t l . . , 
11 -· " 1 • P· . 161 

·I 14 , • I. · !~s 0 " 10 • II. 
1 14 " • ''· 1.n 11 , 

11 • .. . lol 
10 • 1. 1 . I 
10 • .. . 611 

l " 10 • o. l . I 

" • ' · . "' 1\ :? . :~ .1\ • .I . 
H : ~Q ,. 

' I O I' , 
•• I ' ... ., 
;, " I? ., 

:~ . ' I . ";l ., l' •• .~ . ·' .. , . ' $? .. . .. " 
" •• · 'J 
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RAW WEI GHT DATA OF SO - PSI TREE DEBRIS 
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APPENDD. B 

RAW AUTOMOBILF-DKBRIS DATA 

The data that was recorded on the lightweight automobile debris (less than 

10 pounds in weight) is 1 sted in this appendix. The tabulation of the lightweight 

automobile debris according to the 50-psi grid squares is presented, along with 

the weighings of this debris after it was gathered from the 50-psi grid network. 

The data tabulated on the heavier au'omobile debris is included in TaMe 3.1 and is 

not repeated here. 

In the grid-network tabulation of tiie ightweight automobile debris, the debris 

is arranged depending on the originating-automobile overpressure group.   The 

originating group of some debris found in some squares could not be positively 

identified,, so it was listed under the most probable group.   This tabulation includes 

all the debris found far from the postsiiot automobile positions but not that found 

in the close vicinity to these positions.   After this grid-network tabulation, all the 

lightweight automobile debris was gathered (even that near the postshot automobile 

positions) according to originating-automobile overpressure groups.   These aggre- 

gates, in addition to a few heavier automobile parts, are shown in the ph digraphs of 

Figures 3.22 through 3.25.   The lightweight automobile debris in these photographs 

was subsequently weighed by originating groups as presented in this appendix. 
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^mfmsismm^m^i^^ ■qpp^!!ffl5?^!^»!s^f^5^^ 

RAW LIGHTWEIGHT AUTOMOBILE-DEBRIS DATA TABULATED 
ACCORDING TO 50-PSI GRID SQUARES 

50 
Grid 

-Psi 
Square 

x Y 

2 13 

3 13 

3 14 

2 15 

3 15 

Automobile Debris Part 
(originating automobile number in parentheses if identifiable) 

Debris from 10-Psi Automobiles 

Glass Fragment 

Six Glass FragraenUi 

Three Class Fragments 

Two 7- by 3-Inch (Hass Fragments 

Hood Hin^e Spring (•■9) 

2 4 

1 4 

1 5 

3 G 
2 G 

1 6 

3 7 

3 9 

n 
6 9 

i 9 

10 

10 

1 10 

3 11 

2 11 

1 11 

Debris iron 15-Psi Automobiles 

Headlight Rim (-3) 

Hubcap (■'4) 

Two Chrome St/ips (•••10), Pushbutton Radio Panel (■•■10) 

Chrome Strip («10) 

Three Chrome Strips (■■'^   Headlight Rim {■13), Two Head'ight 
Rims (•■4) 

Two Chrome Strips (»10) 

Two Chrome Strips (-3), Headlight Rim (••-10) 

Two 4- by 5-Inch Glass Fragments, 50-Inch Chrome Strip, 
Headlight ^3) 

40-Inch Chrome Strip ("4), 16-Irch Chrome Strip (•••6), 
Taillight Fragments 

43-Inch 0.8-Inch-Wide Chrome Strip, 52-Inch-Wide Chrome Strip, 
15- bv 2.8-Inch Chrome Chevrolet Emblem ("6), F'unt License 
Plate ("10), 15-Inch 1.75-Incli-Wide Chrome Piece from Front 
Hood (•■••6), 4.8-Inch 2-Inch-Wide Chrome Strip End Piece, Roof 
Rack '•O 

Tailligh: (•lO), Chrome Strip, Two 60-Inth 0.7-Inch-Wicie Chrome 
Strips 

Windshield Wiper Blade, Two Glass Fragments 

36-Inch Chrome Strip, Four Glass Fragments, Taillight Lens, 
Window Crank Knob 

Three 50-Inch Chrome Strips, Two 12-Inch Chrome Strips, Two 
Glass Fragments, Taillight Lens Fragment 

Two 50-Inch Chroim  Strips, Three Glass Fragments 

Taillight Lens (••3), Four 3- by 5-Inch (Hass Fragments 

49-Inch Chrome Strip, Four 5- by 5-Inch Glass Fragments 

Two 4- by 6-Inch Glass Fragments 
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RAW LIGHTWEIGHT AUTOMOBILE-DEBRIS DATA TABULATED 
ACCORDING TO 50-PSI GRID SQUARES (Continued) 

50- 
Grid 

-Psi 
Square 

X Y 

0 11 

-3 12 

0 12 

-2 13 

0 13 

Automobile Debris Part 
(originating automobile nuiroer in parentheses if identifiable) 

Debris from 15-Psi Automobiles (Cont'd) 

55-Inch Chrome Strip 

4- by 4-Inch Glass Fragment 

Five Glass Fragments 

3- by 3-Inch Glass Fragment 

2- by 2-Inch Glass Fragment 

Ground Range = 1050.0 Feet, Bearing - 244'54'18":   5-Pound Hood Latch 
Assembly (••■4) 

Ground Range = 1007.6 Feet, Bearing = 241019'17":   8-Pound Hood Hinges and 
Brace ("3,> 

Debris from 30-Psi Automobiles 

1 -7 

4 -5 

3 -5 

4 -4 

3 -4 

2 -4 

3 -3 

5 -2 

3 -2 
2 -2 

5 -1 

4 -1 

3 -1 

2 -1 

7 0 

6 0 

1 0 

9 1 

7 1 

3 1 

Chrome Strip 

Hubcap (ffl3) 

Hubcap ("ll),  Hood Chrome Strip ( «11),  Hood Hin^e Spring 

Dashboard Cover {'12) 

Three Ch'ome Strips 

Chrome Strip 

Chrome Strip 

Three Chrome Strips 

Roof Support, Knob, Hubcap (#11), Hood Latch and Brace 

Dashboard Molding 

Chrome Strip 

Two Chrome Strips 

Interior-Speaker Chrome Trim, Two Chrome Strips, Two Head- 
light Sockets 

Bracket 

Window Frame 

Horn, Wiper Blade 

Chrome Strip («11) 

Chrome Strip, Upholstery ("13), Rubber Window Weatherstrip 

Three Chrome Strips 

Dashboard, Broken Headlight 
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RAW LIGHTWKIGHT AUTOMOBILE-DEBRIS DATA TABULATED 
ACCORDING TO 50-PSI GRID SQUARES (Continued) 

50-Psi 
Grid Square 

X Y 
Automobile Dehn- Part 

(originating automobile number in p,i.rentheses if identil'iablc'i 

■10 

-9 

-5 2 

10 3 

-9 3 

-8 3 

-7 3 

-4 3 

-2 3 

10 4 

-4 4 

-3 4 

-2 4 

-7 5 

-5 5 

-3 5 

-5 6 

-4 6 

-3 6 

-4 1 

-6 8 

0 -4 

-2 -3 

-1 -3 

Debris from 30-Psi Automobiles (Cont'd) 

Five Chrome Strips (■' 2) 

19-Inch 1-Inch-Wido Chrome Strip, Chrome Strip, Rubber Window 
Weatherstrip 

15-Inch 2-Inch-Wide Chrome Strip, 43- by 0.6-Inch Sheet-Metal 
Fragment, 56- by 1,5-Inch Sheet-Metal Fragment 

Two Chrome Strips (" 13), Two Outside Mirrors (••■13), Door Handle, 
Four Chrome Strips 

Rubber   Vindow Weatherstrip, Sheet-Metal Fragment 

66-lneh 1.5-Inch-Wide Chrome Strip. 14-Inch 1-Inch-Wide 
Chrome Strip 

15-Inch 2-Inch-vVide Chrome Strip 

14-Inch 1-Inch-Wide Chrome Strip, 48-Inch 1.5-Inch-Wide Chrome 
Strip, 14- by 1-Inch Metal Side-Window Divider 

Headlight (   ID, 3-Inch 2.75-Inch-Wide Chrome Piece 

Hood Hinge, Chrome Strip, Headlight Rim 

Two Chrome Strips, 8- by 4-Inch Chrome Piece, Air Cleaner («ID, 
Windshield Weathers!rip 

License Plate ('2) 

Two Chrome Strips 

Two Chrome Strips 

Hood Hinge Spring (•'ID, Bracket 

36- by  15-Inch Cardboard Panel 

Two Chronic Strips, Hood Chrome Piece, Hood Chrome Emblem 

Chrome Strip 

Hood I ,atch, Horn 

Chrome Strip, Window Frame, Chrome-Strip End Piece 

Chrome Strip 

Taillight Assembly 

Chrome Strip 

Debris from 50-Psi Automobiles 

Metal Molding, Outside Mirror Pan 

Chrome Strip 

Chrome Strip, Chrome Strip (j!8) 
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RAW L1GHTWEIG IT AUTOMOBILE-DEBRIS DATA TABULATED 
ACCORDING TO .r:0-PSI GRID SQUARES (Continued) 

50-Psi 
Grid Square 

X Y 

0 -3 

1 -2 

0 -2 

3 -2 

1 -1 

1 -1 

2 -1 

3 -1 

(i 0 

2 0 

3 0 

0 1 

-I 

0 

2 

2 

Auiüinobile Debris Part 
(originating automobile number in parentheses if identifiable) 

Debris from 50-Psi Automobiles (Con.'d) 

Front Grill ("7), Chrome S'rip ('■!) 

Window Frame 

Chrome Strip 

Three Chrome Strips (•■■5) 

Chrome Strip 

TaULghl 

Chrome Strip 

Chrome Strip 

Rubber Mat. Outside Mirror Part, Horn, Battery Clamp, Metal 
Molding ("7), Sheet-Metal Fragment, Sheet-M-tal Bracket, Wind- 
snieid Wiper Motor, Sun Visor, Two Light Sockets 

Ashtray, Chrome Strip (.'/7), Headlight Rim H7), Chrome Strip, 
Chrome Strip with Upholstery, Hood Hinge ('5), Two Chrome 
Strips ( T)i, Fonder Guard, Two Pieces of Metal Molding, Two Hub- 
caps /   11, Bracket, Blower .Rotor, Four Sheet-Metal Fragments 

Door Hinge, Windshield Wiper Motor, Three Chrome Strips, Head- 
light Rim, Chrome Star Emblem ("5), Padded Dash Molding 

Roof Support (•■'8), Chrome Strip, Windshield Washer Pump, Top 
Front Window Frame, Strap 

Hood Patch, Water Pump, Four Chrome Strips, Front Grill (■:7), 
Rubber Window Weatherstrip, Trunk Latch, Chrome Molding ('17), 
Voltage Regulator, Metal Molding, Chrome Star Emblem ("5) 

Gas Cap, Bracket, Two Front Grill Parts, Two Headlight Sockets, 
Taillighl Lens, Rocker Panel (  1 ., Hubcap  (;;I),  Steering Wheel, 
Two Hood Hinge Springs, Two Dior Sills, Sheet-Metal Fragment, 
Seven Chrome Strips, Metal FrMne Fragments, Two Chrome 
Strips /: 7), Chrome Strip (!!o\ Fender Molding, Armrest. Heater, 
Rear View Mirror Frame, Upholstery Panel, Battery Bolt, Battery 
Fragments, Water Hose, Metal Window Divider 

Rubber Door Sill, Chrome Star Emblem ('15), Spare Tire Hold 
Down, Battery Fragment, Hood Latch Fragment 

Sheet-Metal Fragment, Two Chrome S'.rips 

Horn, Headlight and Sockt i Housing, Rear View Mirror, Two 
Chrome Strips, Three Metal Strips, Metal Molding Fragment, 
Window Frame, Battery Plate 

Six Chrome Strips, Rocker Molding '-G, Steering Wheel Rim ("D, 
Steering Wheel Fragment, Light Molding (•■•7), Armrest Hood Hinge 
Spring P5), Headlight Rim ('/5), License Plate (••■1),  Five Battery 
Case Fragments, Six Battery Plates, Ash Tray, Hood Latch with 
Metal Fragment, Rubber Door Sill, Chrome Piece, Chrome Molding 
Fragments, Window Frame Fragment 
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RAW LIGHTWEIGHT AUTOMOBILE-DEBRIS DATA TABULATED 
ACCORDING TO 50-PSI GRID SQUARES (Continued) 

50-Psi 
Grid-Square 

X Y 

2 2 

1 3 
0 3 

I 4 

0 4 

1 4 

2 4 

b 

0 

4 

5 

1 5 

2 5 

3 5 

4 5 

1 6 

1 7 

5 8 

3 9 

J 10 

2 10 

1 11 

2 11 

3 11 

Auiornobilc Debris Pari 
(originating automobile number in parentheses if identifiable) 

rMnis froivi 50-Psi Automobiles (Cont'd) 

Door Handle (U), Die Cv.M Molding Fragment 

Door Handle (■•■1), Die Cas' Chrome Molding, Vent Window Frame 

Armrest, Four Chrome Str.'os, Chrome Molding, Rubber Air Duct, 
Tail.ight Housing, Inside Ff ider Fragment with Battery Pan, 
Sheet-Metal Strut, Metal Fragment, Wirc-Likj Metal Strip 

Two Chrome Strips, Door dandle ("1), Ash Tray, Battery Fragment, 
Windshield Center Post, Two Sheet-Metal Fragments, Metal Plate, 
Die Cast Molding Fragment, Window Molding 

Armrest, Taillight Casing, Chrome Strip, Trunk Latch, Die Cast 
Molding /ragmen! 

Two Chrome Strips, Window Handle, Mirror, Sheet-Metal Fragment 

Hoadlighl Rim, Rear Window Frame, Tw" Molding Fragments, 
Aluminum Molding, Light Housing 

Headlight Socket, Two Battery Fragments, Battery Post, Hood 
F ragmen'. 

Upholstery Strip, Chrome Strip, Headlight Socket, Oil Cap, Sheet- 
Metal Fragment 

Two Chrome Strips, Two Mela! Brackets, Rubber Window 
Weatherstrip 

Trunk Handle 

Metal Fragmeni (7), Water Hose 

Vent Window Frame, Mirror Mount, Metal Fragment 

Chrome Strip 

Hood Latch Support, 24-dnch Chrome Strip, 5-Pound Taillight 
Assembly 

One-Hair Hood Hinge (   8) 

Chrome Strip 

Taillight Assembly (-^7) 

60-Inch Chrome SI rip 

One-Hall Mirror, 48-Inch Chrome Strip 

Five (dass Fragments, Ch'omo Name Emblem 

11- by ."-inch Glass Eras: neiu, 19- by 0.75-Inch Chrome Emblem 

Headlight Rim, Eight 7- 1 v 6-Incli Glass Fragments, 68-Inch 
Chrome Si rip, Two Winfl;:   ield Wiper Blades, Three 5-Inch Chrome 
Strip End Pieces, Voltage Fegulator Cap 

Two (ilass Fragments 

5- 1)\ 5 -Inch ! Hass Era jnent 

10r) 
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RAW LIGHTWEIGHT AUTOMOBILE-DEBRIS DATA TABULATED 
ACCORDING TO 50-PSI GRID SQUARES (Continued) 

50- 
Grid 

-Ps: 
Square 

X Y 

3 12 

1 13 

2 13 

3 13 

Automobile Debris Part 
(originating automobile number in parentheses if identifiable) 

Debris from 5Q-Psi Automobiles (Cont'd) 

Interior Speaker Chrome Trim 

Two Taillight Lens Fragments, Two Glass Fragments 

Glass Fragments 

Five Glass Fragments, Metal Bracket 

Ground Range = 503.0, Bearing = 255051,23":   5.5-Pound Trunk Wheel Well 
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R/VW WEIGHINGS OF LIGHTWEIGHT AUTOMOBILE DEBRIS 
(GATHERED AND WEIGHED FOLLOWING 

GRID-SQUARE TABULATION) 

^ utomobile Debris Parts 

Debris from 15-Psi Automobiles 

Light Rims, Light 

Glass Fragments, Taillight, Window 

Light Sockets 

Taillight Assembly 

Small Chrome Strips, Wiper Parts 

Chrome Molding Fragments 

Chrome Strips 

48-Inch 1-Inch-Wid'  Chrome Strips 

48-Inch 1.5-Inch-W de Chrome Strips 

Small Die Cast Part- and Fragments 

Die Case Parts, Fragments, Mirror 

Rubber Pieces 

Hubcaps 

Hood Hinge Springs, Jack Base, Horn 

Roof Support 

Roof Rack Parts (from Automobile Number 6) 

Air Filters 

Air Cleaner Housing 

Washer Bottle 

Flexible Exhaust Pipe 

Miscellaneous — Ash Trays, Distributor Part, etc. 

Upholstery Wires 

Armrest, Visors, Metal Fragments 

Number 
of Parts 

Weight of 
Parts 

(pounds) 

8 3.5 

51 25 

3 3.5 

1 <-* 

10 0.99 

12 1.72 

4 0.90 

21 8 

14 7 

13 1.7 

10 10 

4 11.5 

2 2.26 

4 9.5 

1 1.83 

3 11.5 

2 1.7 

1 7 

1 0.473 

1 1.47 

15 4.07 

3 1.43 

4 3.68 

Debris from 30-Psi Automobiles 

Glass Fragments 

Headlight Rims 

Headlight, Vent Window 

Taillight Assembly 

Small Chrome Fragments 

Chrome Fragments 

36-Inch 1-Inch-Wide Chrome Strips 

48-Tnch 1.5-Inch-Wide Chrome Strips 

55 29 

3 0.97 

2 3.19 

1 5.5 

5 0.473 

7 2.26 

34 12 

15 11 
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RAW WEIGHINGS OF LIGHTWF/GHT AUTOMOBILE DEBRIS 
(GATHERED AND WEIGHED FOLLOWING 
GRID-SQUARE TABULATION1) (Continued) 

Automobile Debris Parts 

Debris from 30-Psi Automobiles (Cont'd) 

Rocker Molding Strips 

Die Cast Fragments — Handles, Air Intake Vents, etc, 

Sheet-Metal Fragment — Proof Supports, W'indow FrameSj 
Hubcaps 

Rubber Pieces 

Hubcaps 

Hood Hinge Springs 

Hood Hinge, Hood Latch, Dash Molding 

Horns, Window Guide 

Air Cleaner 

Battery Plate 

Rod 

Miscellaneous — Ash Trays, Mirrors, Wiper Blades, 
Dash Parts 

Upholstery Pieces 

Upholstery Wires 

Armrests, Visors 

Number 
of Parts 

Weight of 
Parts 

(pounds) 

2 4 

19 13 

11 29 

9 32 

2 2.8 

3 2.7 

3 11 

3 2 09 

1 7 

1 0.352 

1 1.54 

20 4 

5 1.87 

2 1.43 

3 2.14 

Debris from 50-Psi Automobiles 

Taillight Lenses 

Lightweight Light Backing Pieces 

Lights, Heavy Ligiil Backing Pieces 

Small Chrome Fragments 

Chrome Trim Fragments 

Miscellaneous Chrome and Aluminum Fragments — Ash 
Trays, Speaker Grill, etc. 

24-Inch 1.5-Inch-Wide Chrome Strips 

36-Inch 1-Inch-Wide Chrome Strips 

42-Inch 1.5-Inch-Wide Chrome Strips 

60-Inch 1-Inrh-Wide Chrome Strips- 

Chrome Vent-Window Frames 

Lightweight Chrome Die Cast Fragments — Door Handles, 
Grill Parts, etc. 

Heavy Chrome Die Cast Fragments 

3 0.341 

13 4 

8 27 

19 1.52 

19 2.46 

11 2.84 

4 1.09 
22 6.0 
32 17.5 

5 2.83 
2 0.935 

23 17 
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RAW WEIGHINGS OF LIGHTWEIGHT AUTOMOBILE DEBRIS 
(GATHERED AND WEIGHED FOLLOWING 
GRID-SQUARE TABULATION) (Continued) 

Automobile Debris Parti 

Debris from 50-Psi Automobiles (Cont'd) 

Chrome Rocker Molding 

Miscellaneous Small Fragments 

Window Guides, etc. 

Brackets, Hardware Plates 

Large Sheet-Metal Fragments, MutTler 

Rubber Pieces 

Hubcaps 

Hood Hinge Springs 

Battery Plates 

Battery Case Fragments 

Battery Terminals 

Horns, Motors, Manifold Fragments, etc. 

Push Rods 

Upholstery Pieces 

Upholstery Strips 

Armrests, Visors, etc. 

Steering Wheel Fragments 

Number 
of Parts 

Weight of 
Parts 

(pounds) 

2 5.5 

10 1.43 

7 4 

14 8.5 

41 140 

43 33 

3 4.96 

4 4.46 

24 4.96 

14 4.82 

3 1.96 

10 28 

5 0.814 

4(i 22 

9 6 

7 5.95 

4 3.48 
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APPENDIX C 

TREE-DEBRIS GROUND WEIGHT DISTRIBUTIONS 

The ground weight distributions of the debris from the twelve trees subjected 

to the Dial Pack blast in this project are presented in the twelve fissures of ihis ap- 

pendix. In each figure, the weight (in pounds) of the debris from a specified tree in 

the appropriate grid-network squares is indicated. The weight of the tree trunk of 

this tree remaining in the holding pipe lias been estimated and added to the suitable 

grid square. Note that the radial line through the initial tree position is desig- 

nated in every figure. 

Some debris from the 50-psi trees was radially transported over 1000 feet. 

Such distan es appear to be inexplicable since just a few discrete fragments were 

found at these largo distances, with a large gap existing between those fragments 

and the closest lower-transported fragments.   Some were collected fairly close to 

a road.   They might have been tree trimmings which had blown off a truck that was 

carting them away as part of the preshot cleanup.   But others were discovered 

over 150 feet from this road (the road was situated at about the 4-psi range), which 

tends to disprove this explanation.   Besides, most of the fragments resembled frac- 

tured debris rather than trimmings.   Hence it seems possible that these fragments 

were blast-transported to such distances, or perhaps they were even part of 

crater ejecla. 
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OlRf.TION  OF   02   WITH   RESPECT    TC 
INIT'AL    POSITION   Or     TREE    NO    I 

Figure Cl.   Grumd weight distribution of debris from tree number 1, an aspen 
tree placed at 15 psi 
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APPENDIX D 

PRESHOT AND POSTSHOT AUTOMOBILE CONDITIONS 

The conditions of all thirteen automobiles before and after the Dial Pack blast 

are briefly described in this appendix.   To characterize the crushing (depressed in- 

wards) or the peaking (pressed outwards) conditions cT the sheet-metal parts re- 

maining on the automobiles after the blast, the following words are usud to indicate 

the extent from normal: 

Description 

Slight 

Moderate 

Severe 

Very severe 

Drastic 

Maximum Depth or 
Rise from Normal 

2 to 4 inches 

4 to 6 inches 

6 to 8 inches 

8 to 12 inches 

greater than 12 inches 

A chrome section refers to a 2- to 4-foot chrome strip, or chrome trim with the 

equivalent weight of such a strip.   Otherwise, the wording used to depict the auto- 

mobiles is self-explanatory. 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 1 - 1949(?) DeSoto, Oriented Side-On 
(Driver's Side Facing Blast) at 50 psi 

Automobile 
Part Preshot Condition 

Hood Good 

Trunk Lid Good 

Doors Good (Four Doors) 

Roof Good 

Fenders Good 

Dumpers Good 

Windows Good 

Tires Good 

Hubcaps All Four On 

Chi ome Trim Good 

Lights Good (Some Rust Around 
Headlights) 

Outside Mirrors 

Miscellaneous 

Driver-Side Mirror Attached 

Aerial and Windshield Wiper 
Blades Missing;  Two License 
Plates On 

Postsbot Condition 

Blown Off 

Unlatched Framework Severely 
Twisted on Hinge; Shell Blown 
Off 

Blown Off 

Blown Off 

All Blown Off Except 
Passenger-Side Hear Fender 
Which Was Hanging 

No Change 

All Blown Out 

All Flat Except Passenger- 
Side Front 

All Four Blown Off 

Eight Sections Blown Off - 
About 100 Percent of Chrome 
Trim 

Headlights and Headlight Rims 
Blown Off; Taillights Blown 
Off With Parts; Front Parking 
Lights Good But Hanging 

Blown Off 

Both Wipers and Both License 
Plates Blown Off.   Chrome 
Sections, Small Engine Parts, 
and Hubcaps on Ground 
Nearby 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 2 - 1946-1948 Dodge, Oriented Side-On 
(Driver's Side Facing Blast) at 30 psi 

Automobile 
Part 

Hood 

Trunk Lid 

Doors 

Roof 

Fenders 

Preshot Condition 

Lights 

Outside Mirrors 

Miscellaneous 

Good 

Good 

Good (Two Doors) 

Good 

Good 

Bumpers Gooci 

Windows Good 

Tires Good 

Hubcaps All Four On 

Chrome T rim One Section 
One Section Loose 

Good 

Driver-Side Mirror Attached 

Aerial Missing: Front License 
Plate On: Windshield Wipers 
Good 

Postshot Condition 

Blown Off 

Unlatched Framework Re- 
mained, Hanging on One Hinge: 
Shell Blown Off 

Both Open:  Passenger-Side 
Door Hanging and Driver-Side 
Door Severely Crushed 

Blown Off 

Passenger-Side Fenders Bluwn 
Off: Driver-Side Rear Hanging, 
Driver-Side P ront Severely 
Crushed and Peaked 

No Change 

All Blown Out 

No Change 

No Change 

Seven Sections Blown Off — 
About 70 Percent of Chrome 
Trim 

All Broken: Driver-Side 
Headlight and Headlight Run 
Blown Off 

Blown Off 

License Plate and Both Wiper 
Blades Blown Off: Seat, 
Chrome Sections, Hood Brace, 
and Hood Spring on Ground 
Nearby 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 3 — 1960 Chrysler Saratoga, Oriented Side-On 
(Driver's Side Facing Blast) at 15 psi 

Automobile 
Part Preshot Cond 

Hood Good 

Trunk Lid Good 

Doors Good (Four Doors) 

Roof 

Fenders 

Bumpers 

Windows 

Tires 

Hubcaps 

Chrome Trim 

Lüihts 

Outside Mirrors 

Miscellaneous 

Good 

Good 

Good 

Good Except Crack in Front 
Windshield 

Good 

All Four On 

"wo Sections Missing 

Good (Dual Headlights) 

Two Attached 

Aerial and License Plates 
Missing;  Windshield Wipers 
Good 

Postshot Condition 

Blown Off 

Unlatched; Severely Crushed 

Two Rear Doors Jammed Shut 
And Driver-Side Front Door 
Open;  Both on Driver's Side 
Severely Crushed 

Detached and Blown Up in 
Front;  Attached in Rear Only 

Driver-Side Fenders Severely 
Crushed 

No Change 

All Blown Out 

Two Rear Flat; Spare Blown 
Out of Trunk 

Passenger-Side Rear Blown 
Off 

Fourteen Additional Sections 
Blown Off - /.bout 75 Percent 
of Chrome Trim; One Section 
Hanging 

Two Headlights Blown Off; 
One Headlight. Both Front 
Parking Lights, and Both Tail- 
lights Broken; Two Headlight 
Rims Blown Off; One Head- 
light Socket Hanging 

Both Blown Off 

Nu Change in Windshield 
Wipers.   Headlight Him, 
Aimrosl, Roof Brace. Small 
Engi 10 Parts, and Spare Tire 
on Ground Nearby 
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PRi^SHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 4 — 1959 Chrysler, 
Oriented Front-On at 15 psi 

Automobile 
Part 

Hood 

Trunk Lid 

Doors 

Roof 

Lights 

Outside Mirrors 

Miscellaneous 

Preshot Condition 

Good 

Good 

Good (Four Doors) 

Good 

Fenders Good 

Bumpers Good 

Windows Good 

Tires Good 

Hubcaps Passenger-Side Rear Missing 

Chrome T rim Good 

Driver-Side Taillight Broken 
(Dual Headlights) 

Missing 

Two Aerials Attached on Tail- 
fins and License Plates Miss- 
ing: Windshield Wipers Good 

Postshot Condition 

Blown Off 

Unlatched; Moderately 
Crushed 

Rear Jammed Shut and Front 
Jammed Open; Both Driver- 
Side Doors Moderately- 
Severely Crushed, Both 
Passenger-Side Doors 
Lightly Crushed 

Very Severely Crushed in 
Rear and Severely Peaked in 
Front 

Driver-Side Rear Moderately 
Crushed, Lightly Crushed 
Otherwise 

No Change 

All Blown Out Except Driver- 
Side Rear, Passenger-Side 
Front, and Two Side Vents 

No Change 

Passenger-Side Front Blown 
Off 

Seven Sections Blown Off — 
About 50 Percent of Chrome 
Trim;  Five Sections Hanging 

One Headlight Blown Off; One 
Front Parking Light, Both 
Rear Parking Lights, and 
Other Taillight Broken 

No Change 

Both Wiper Blades Blown Off. 
Chrome Sections and Door 
Handles on Ground Nearby 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 5 — 1959 Pontiac Laurentian, 
Oriented Front-On at 50 psi 

Automobile 
Part  

Hood 

Trunk Lid 

Doors 

Outside Mirrors 

Miscellaneous 

Pre shot Condition 

Good 

Good 

Good (Four Doors) 

Roof Good 

Fenders Good 

Dumpers G -od 

Windows Good Except Two Crac 
Front Windshield 

Tires Good 

Hubcaps All Four Missing 

Chrome Trim Two Sections Missing 

Lights All Headlights Missing 
(Dual Headlights) 

Missing 

Aerial, License Plates, and 
Windshield Wiper Blades 
Missing 

Postshot Condition 

Blown Off 

Unlatched: Drastically 
Crushed 

All Jammed Open With One 
Hanging; Both Driver-Side 
Doors Severely Crushed, 
Both Passenger-Side Doors 
Moderately Crushed 

Blown Off 

Front Fenders Blown Off; 
Rear Moderately-Severely 
Crushed 

No Change 

All Blown Out Except Two 
Rear Quarter and Passenger- 
Side Vent 

No Change 

No Change 

Sixteen Sections and Eight 
Emblems Blown Off - About 
100 Percent of Chrome Trim 

Both Rear Parking Lights 
Blown Off; One of Two Tail- 
lights Broken 

No Change 

Passenger-Side Wiper Arm 
Blown Off.   Two Grill Sections, 
Radiator Bracing, Wiper 
Blades, and Headlight Rims on 
Ground Nearby 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 6 — 1950 Cl^evrolet, 
Oriented Front-On at 15 usi 

Automobile 
Part Preshot Condition 

Hood Good 

Trunk Lid Good 

Doors Good (Four Doors) 

Roof Good 

Fenders Good 

Bumpers Good 

Windows Good 

Tires One Flat 

Hubcaps All Four On 

Chrome Trim Good 

Lights Good 

Outside Mirrors Driver-Side Mirror Attached 

Miscellaneous Aerial Missing, Two License 
Plates On, Windshield Wipers 
Good, Roof Rack On 

Postshot Condition 

Passenger-Side Half Blown 
Off.   Driver-Side Half Un- 
latched and Hanging on Hinge 
Unlatched; Lightly Crushed 

Ali Four Open and Lightly 
Crushed 

Severely Crushed Down Center 

All Lightly Crushed 

No Change 

All Blown Out Except Two 
Rear Side, Two Rear Quarter, 
and Driver-Side Vent 

One Additional Flat (Both on 
Driver's Side) 

No Change 

No Sections Blown Off, Two 
Sections Hanging 

No Change 

Blown Off 

One Wiper Blade, Other Wiper 
and Roof Rack Blown Off. 
Rubber Window Liner, Wind- 
shield Wiper Blade on Ground 
Nearby 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 7 — 1958 Chevrolet Discayne, 
Oriented Front-On at 50 psi 

Automobile 
Part 

Hood 

Trunk Lid 

Doors 

Preshot Condition 

Good 

Roof 

Fenders 

Bumpers 

Windows 

Tires 

Hubcaps 

Chrome Trim 

Lights 

Outside Mirrors 

Miscellaneous 

Latch Did Not Work, Wired 
Shut 

Good ( Four Doors) 

Good 

Good 

Good 

Good 

Passenger-Side Rear Flat 

All Four Missing 

One Section Missing 

Driver-Side Taillight Broken 

Two Attached 

One Aerial Attached, License 
Plates Missing. Windshield 
Wipers Good 

Postshot Condition 

Blown Off 

Unlatched and One Hinge 
Broken;  Drastically 
Crushed 

Driver-Side Front Open. 
Others Jammed Closed; Both 
Driver-Side Doors Moderately 
Crushed, Both Passenger-Side 
Doors Very Severely Crushed 

Blown Off 

Two Front Blown Off; Rear 
Moderately-Severely Crushed 

Front Loosened, Moderately 
Damaged 

All Blown Out 

All Flat 

No Change 

Twelve Sections Blown Off — 
About 60 Percent of Chrome 
Trim; Nine Sections Hanging 

One Taillight Assembly (Tvvo 
Lights) Blown Off, Twr Tail- 
lights Broken, All Heatlights 
and Headlight Rims Blown Off 

Both Blown Off 

Aerial and Both Wiper Blades 
Blown Off.   Headlight Rims, 
Chrome Sections, and Grill 
Section on Ground Nearby 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 8 — 1961 Dodge Dart, Oriented Side-On 
(Passenger's Side Facing Blast) at 50 psi 

Automobile 
Part 

Hood 

Trunk Lid 

Dooi r- 

Preshot Condition 

Roof 

Fenders 

Bumpers 

Windows 

Tires 

Hubcaps 

Chrome Trim 

Lights 

Outside Mirrors 

Miscellaneous 

Good 

Good 

Good (Four Doors) 

Good 

Good 

Good 

Passenger-Side Front Missing 

Two Passenger-Side Tires 
Fla» 

AH Four Missing- 

One Section Missing 

One Headlight Missing (Dual 
Headlights) 

Passenger-Side Mirror 
Attached But Loose 

Aerial and License Plates 
Missing: Windshield Wipers 
Good 

Postshot Condition 

Shell Blown Off, Framework 
Hanging 

Unlatched Framework Re- 
mained, on Hinges: Shell 
Blown Off 

Driver-Side Front and 
Passenger-Side Rear Hanging, 
Passenger-Side Front Jammed 
Closed, Driver-Side Rear 
Jammed Open: Both Driver- 
Side Doors Severely Crushed, 
Both Passenger-Side Doors 
Very Severely Crushed 

Blown Off 

Passenger-Side Front Hanging; 
Driver-Side Fenders Severely 
Crushed, Passenger-Side 
Fenders Very Severely Crushed 

No Change 

Ail Blown Out 

All Flat 

No Change 

SLx Sections and Four Emblems 
Blown Off - About 90 Percent 
of Chrome Trim 

Two of Four Taillights and all 
Parking Lights Broken;  Three 
Headlight Rims and Three 
Headlights Blown Off 

Blown Off 

Both Wiper Blades Blown Off. 
Suspension Coil Spring, Tail- 
light Assembly, Seat. Hood 
Hing*3 Spring. Chrome Section, 
and M mU'old Pipe Exhaust 
on Ground Nearby. 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 9 — 1960 Pontiac Laurentian, Orier.ied Side-On 
(Passenger's Side Facing Blast) at 10 psi 

Automobile 
Part Preshot Condition 

Hood 

Trunk Lid 

Doors 

Lights 

Good 

Latch Did Not Work, Wired 
Shut 

Good (Four Doors) 

Roof Good 

Fenders Good 

Bumpers Good 

Windows Good Except Small C 
Front Windshield 

Tires Good 

Hubcaps All Four Missing- 

Chrome Trim One Section Missing 

Outside Minors 

Miscellaneous 

One Headlight Broken (Dual 
Headlights). Two Taillights 
Broken 

Missing 

Aerial and License Plates 
Missing. One Windshield 
Wiper Blade Missing 

Postshot Condition 

Hinges Bent (Rear) and Hood 
Severely Peaked Upwards in 
Rear 

Blown Open 

Both Passenger-Side Doors 
Open and Moderately Crushed 

Rear Moderately Crushed 

Passenger-Side Fenders 
Moderately Crushed 

No Change 

All Blown Out Except Two 
Rear Quarter Windows 

No Change 

No Change 

Five Small Chrome Emblems 
Blown Off — About 5 Percent 
of Chrome Trim; Ore Section 
Hanging 

Two Additional Headlights and 
Two Additional Taillights 
Broken;  Two Headlight Rims 
Blown Off and Two Others 
Hanging 

No Change 

No Change in Windshield Wipers. 
Glass Fragments, Hood Spring, 
Small Chrome Decals on 
Ground Nearby 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 10 — 1958 Mercury Monterey, Oriented Side-On 
(Driver's Side Facing Blast) at 15 psi 

Automobile 
Part 

Hood 

Trunk Lid 

Doors 

Preshot Condition 

Tires 

Hubcaps 

Chrome Trim 

Lights 

Outside Mirrors 

Miscellaneous 

Good 

Good 

Good (Four Doors) 

Roof Good 

Fenders Good 

Bumpers Good 

Windows Guod Guod Except Crack in 
Passenger-Side Front 

Driver-Side Front Flat 

All Four Missing 

Two Sections Missing 

Good 

Missing 

Aerial Missing, Two License 
Plates On, Windshield Wipers 
Good 

Postshot Condition 

Unlatched (Rear) Open But Still 
Attached to Hinges (Front) 

Unlatched and Hanging oi One 
Hinge: Moderately Crushtd 

All Jammed Shut; Both Driver- 
Side Doors Severely Crushed, 
Both Passenger-Side Doors 
Lightly Crushed 

Blown Oft 

Driver-Side Fenders Severely 
Crushed, Passenger-Side 
Fenders Lightly Crushed 

No Change 

All Blown Out 

No Change, Spare Blown Out of 
Trunk 

No Change 

Nine Additional Sections Blown 
Off - About 50 Percent of 
Chrome Trim;  Four Sections 
Hanging 

Two Headlights and Both Front 
Parking Lights Broken, One 
Headlight, Two Headlight Rims, 
One Headlight Socket, and One 
Complete Taillight Assembly 
Blown Off 

No Change 

Front License Plate and Both 
Wiper Blades Blown Off. 
Chrome Sections, Taillight 
Assembly, Headlight Rims, 
and Spare Tire on Ground 
Nearby 
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PRESHOT ANI   "OSTSHOT CONDITIONS OF AUTOMOBILES 

11 - 1959 Plymouth Belvedere, Oriented Side-On 
driver's Side Facing Blast) at 30 psi 

Automob ile Nu;..iij 
/- 

Automobile 
Part 

Hood Good 

Trunk Lid Good 

Doors 

Roof 

Fenders 

Bumpers 

Windows 

Tires 

Hubcaps 

Chrome Trim 

Lights 

Preshot Condition 

Outside Mirrors 

Miscellaneous 

Good (Four Doors) 

Good 

Good 

Good 

Good 

Good 

One On 

Two Sections Loose 

Passenger-Side Taillight 
Broken (Dual Headlights) 

Missing 

Two Aerials Attached. 
License Plates Missing, 
Windshield Wipers Good 

Postshot Condition 

Blown Off 

Unlatched: Wheel Cover Off; 
Moderately Crushed 

Both Driver-Side Doors 
Jammed Shut and Very Severely 
Crushed; Both Passenger-Side 
Doors Lightly Crushed 

Shell Blown Off 

Driver-Side Front Blown Off; 
Passenger-Side Fenders 
Lightly Crushed, Driver-Side 
Rear Very Severely Crushed 

No Change 

All Blown Out 

No Change 

Blown Off 

Nine Sections and Two Chrome 
Emblems Blown Off — About 
75 Percent of Chrome Trim; 
Three Sections Hanging 

Three Headlights, Three Head- 
light Rims, Two of Four Head- 
light Sockets   and Taillight 
Assembly Blown Off; Headlight 
Broken 

No Change 

Botii Aerials and One Wiper 
Blade Blown Off.   Chrome 
Sections, Seats, Wheel Cover, 
Roof Brace, Dash Section, 
and Headlight Rim on Ground 
Nearby 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 12 — 1950 Chevrolet, 
Oriented Front-On at 30 psi 

Automobile 
Part 

Hood 

Trunk Lid 

Doors 

Lights 

Outside Mirrors 

Miscellaneous 

Preshot Condition 

Good 

Good 

Good (Four Doors) 

Roof Good 

Fenders Good 

Bumpers Good 

Windows Good Except Two L; 
Cracks in Front Wii 

Tires Good 

Hubcaps All Four Missing 

Chrome Trim Two Sections Loose 

One Rear Parking and One 
Taillight Broken 

Missing 

Aerial and License Plates 
Missing; Windshield Wipers 
Good 

Postshot Condition 

Blown Off 

unlatched Framework Re- 
mained, on Hinges; Shell 
Blown Off 

Both Driver-Side Doors Hang- 
ing; Both Driver-Side Doors 
Slightly Crushed, Both 
Passenger-Side Doors Moder- 
ately Crushed 

Severely Peaked Upwards 
Down Center 

Driver-Side Fenders Slightly 
Crushed, Passenger-Side 
Fenders Moderately Crushed 

No Change 

All Blown Out Except Two 
Side Vents 

No Change 

No Change 

Six Sections Blow Off - About 
60 Percent of Chrome Trim; 
Two Sections Hanging 

Front Parking Lights and 
Headlights Broken 

No Change 

Both Wiper Blades Blown Off. 
Chrome Sections, Floor Mats 
on Ground Nearby 
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PRESHOT AND POSTSHOT CONDITIONS OF AUTOMOBILES 

Automobile Number 13 — 1958 Plymouth Fury, 
Oriented Front-On at 30 psi 

Automobile 
Part 

Hood 

Trunk Lid 

Doors 

Preshot Condition 

Roof 

Fenders 

Bumpers 

Windows 

Tires 

Hubcaps 

Chrome Trim 

Lights 

Outside Mirrors 

Miscellaneous 

Good 

Good 

Good (Four Doors) 

Good 

Good 

Good 

Good Except Front Windshield 
Badly Cracked 

All Flat Except Passenger- 
Side Front 

Driver-Side Rear On 

Good 

Two Headlights Broken 
(Dual Headlights) 

Two Attached 

One Aerial Attached;  License 
Plates Missing: Windshieli 
Wipers Good 

Postshot Condition 

Shell With Latch Assembly 
Blown Off 

Unlatched and Jammed Open; 
Drastically Crushed 

All Jammed Shut Except 
Passenger-Side Front Open; 
Both Driver-Side Doors Lightly 
Crushed, Both Passenger-Side 
Doors Moderately Crushed 

Blown Up and Attached on 
Passengor Side Only; 
Severely Crushed in Rear and 
Severely Peaked in Front 

Front  Fenders Hanging: 
Passenger-Side Rear Moder- 
ately Crushed, Driver-Side 
Rear Slightly Crushed 

No Change 

All Blown Out Except Two Side 
Vents and Driver-Side Rear 
Quarter Window 

No Change 

Blown Off 

Twenty-One Sections Blown 
Off -About 70 Percent of 
Chrome Trim:  Ten Sections 
Hanging 

Front Parking Lights and One 
Additional Headlight Broken: 
One Headlight and One Head- 
tight Rim Blown Off 

Both Blown Off 

Aerial Blown Off.   Headlight 
Rim, Chrome Sections, and 
Hood Hinge Spring on Ground 
Nearbv 
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