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ABSTRACT 

This  p ro jec t  included 146 e j e c t a  measurement s t a t i o n s  e n c i r c l i n g  

ground zero at e igh t  r a d i a l  d i s t ances  ranging from 373 t o  1,707 meters. 

The twenty-four sampling l i n e s  were spaced a t  f i f teen-degree i n t e r v a l s .  

Data presented were recovered from s t a t i o n s  loca t ed  a t  r a d i a l  d i s t ances  

of 640, 853, 1,067, 1,280, and 1,707 meters. 

recover  da t a  a t  s t a t i o n s  loca ted  c lose r  t o  ground zero a t  a la te r  time. 

A n  attempt w i l l  be made t o  

Prel iminary a n a l y s i s  of  e j e c t a  da t a  i n d i c a t e s  t h a t  areal dens i ty  

v a r i e s  i nve r se ly  as d i s t ance  r a i s e d  t o  the  3.64 power. 

v a r i a t i o n  of a r e a l  dens i ty  i s  about a f a c t o r  of 30 at t h e  1,707 meter 

r a d i a l  d i s tance ,  a f a c t o r  of 10 at t h e  1,280 meter r a d i a l  d i s tance ,  and 

a f a c t o r  of 7 a t  the  853 meter r a d i a l  d i s tance .  

Circumferent ia l  

Cursory t reatment  i s  givsn t o  seve ra l  r e l a t e d  sub jec t s ,  inc luding  

ou te r  l i m i t  of base surge dust  depos i t ,  vo lune t r i c  e j e c t a  d e n s i t i e s ,  

l o c a t i o n s  of  n a t u r a l  m i s s i l e s  and impact craters,  and t h e  ou te r  l i m i t  of 

b a l l i s t i c  debr i s .  One case of missile damage t o  a r e in fo rced  concrete  

s t r u c t u r e  is documented. Raw data are inc luded  in the appendix. 
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c w m  1 
INTRODUCTION 

1.1 OBJECTIVES 

The primary objective of this project was to obtain quantitative 

data on distribution of ejecta on the ground surface surrounding a 

nuclear crater. 

tained and appropriate functional relationships developed. 

Both areal density and thickness data were to be ob- 

Secondary objectives of this project were: (1) to determine the 

limits of the base surge deposit and ballistic ejecta, (2) to survey 

the area for significant natural geologic missiles; recording their 

size, weight, and location, (3) to determine particle size distribution 

and comminution (particle fracturing resulting from the explosive shock) 

existing at certain designated stations, (4) to determine particle size 

distribution relative to position within the ejecta profile, and (5) 

to map splash craters and determine their origin. 

1.2 BACKGROUND 

Determination of the extent and distribution of crater ejecta 

and associated radioactivity is a major problem that must be evaluated 

before peaceful projects for nuclear explosive harbor and canal exca- 

vation can be accomplished safely, Rom a military standpoint, crater 

ejecta may prove troublesome to such surface components of hardened 

underground structures as entrance hatchways, blast valves, and venti- 

lators and to various weapons systems communication antennas. 
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Pas t  nuclear  c r a t e r i n g  t e s t s  have not  included experiments designed 

t o  measure c r a t e r  e j e c t a  d i s t r i b u t i o n .  Information t h a t  is ava i l ab le  on 

the  nuclear c r a t e r  l i p  is  taken from p r o f i l e s  drawn t o  determine apparent 

c r a t e r  dimensions. Such cross-sect ional  p r o f i l e s  genera l ly  do not  ex- 

tend beyond a r a d i a l  d i s t ance  of two apparent c r a t e r  r a d i i .  (The con- 

vent iona l  c r a t e r  l i p  i s  usua l ly  considered t o  extend a r a d i a l  d i s t ance  

of two c r a t e r  r a d i i  from ground zero) .  

Detai led examination of a e r i a l  photographs taken of both nuclear  

and high explosive c r a t e r s  show r e l a t i v e l y  l a r g e  q u a n t i t i e s  of e j ec t a  

beyond the  conventional c r a t e r  l i p .  The e j e c t a  is genera l ly  d i s t r i b u t e d  

i n  the  region adjacent  t o t h e  c r a t e r  i n  a rayed p a t t e r n  charac te r ized  by 

a r e l a t i v e l y  l a r g e  amount of debris  concentrated i n  long i tud ina l  mounds 

r a d i a l l y  or ien ted .  

t h e i r  ou ter  extremity inward t o  the  conventional c r a t e r  l i p  and may 

sometimes be t angen t i a l  t o  the c r a t e r  r a t h e r  than radial. 

These mounds a r e  not  necessa r i ly  continuous from 

Previous q u a n t i t a t i v e  measurements of c r a t e r  e j e c t a  have been made 

on seve ra l  high explosive c r a t e r i n g  shots .  The e j e c t a  r e l a t i o n s h i p s  

r e s u l t i n g  from these  experiments a r e  summarized i n  Table 1.1. The ex= 

periments descr ibed i n  the  re ferences  l i s t e d  i n  Table 1.1 (References 1 

through 4) have cons is ted  of phys ica l ly  sampling the  d e b r i s  t o  deter-  

mine its d i s t r i b u t i o n .  

done by Engineering Research Associates  (Reference 5) .  

d a t a  a r e  not s u f f i c i e n t  t o  der ive  empir ica l  r e l a t i o n s h i p s  whereby e j e c t a  

q u a n t i t i e s  can confident ly  be predicted f o r  nuclear  c r a t e r i n g  sho t s  re-  

gard less  of burs t  depth,  medium, o r  charge c h a r a c t e r i s t i c s .  

Early experimental work of a similar na ture  was 

Ex i s t ing  e j e c t a  

5 



TABLE 1.1 HIGH EXPLOSIVE CRATER EJECTA RELATIONSHIPS 

Event Charge Burst  Medium Relationship* Reference 
Weight Depth 

pounds 

Stagecoach 

Shot I1 40,000 

Shot I11 40,000 

Scooter 1,000,000 

White Tr ibe  11,560 
(9  Shots)  

Suf f i e l d  

100 Tons 200,000 

5 Tons 10,000 

f e e t  

17 

34 

125 

0 

0 

0 

4 
1 3.86 x 10 

4 

Desert  8 =  

Desert s =  

Desert s =  

Caliche 8 =  

alluvium R2e03 

1 4.6 x 10 
R1 97 alluvium 

6 

4 

2 8.9 x 10 
alluvium R206 

3 8.7 x 10 
R2 '7 

8 
4 2.56 x 10 

S i l t  and 8 =  c lay  mixture R3 65 

4 4 4.5 x 10 S i l t  and 
c lay  mixture 8 = $093 

2 8 = Areal dens i ty  i n  kg/m 
R = Distance from ground zero i n  meters 
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Most previous work done t o  determine shape and ex ten t  of  t he  ou te r  

The c r a t e r  l i p  p r o f i l e  has  been crater l i p  p r o f i l e  has  been empir ical .  

recons t ruc ted ,  r ecen t ly ,  using da ta  obtained from known pos i t i ons  of 

o r i g i n  and terminat ion of i d e n t i f i a b l e  m i s s i l e s  a r t i f i c i a l l y  introduced 

i n t o  t h e  an t i c ipa t ed  c r a t e r  region f o r  a high explosive c r a t e r i n g  shot  

(Reference 6).  

7 



CHAPTER 2 

EXPERIMENTAL PROCEDURE 

201 SHOT PARTICIPATION 

The Sedan Shot w a s  bu r s t  a a depth of  194 meters (635 f t )  be- 

neath the  ground sur face  i n  Area 10 at  t h e  Nevada Tes t  S i t e .  The 

medium is  dese r t  alluvium. 

s u l t e d  i n  a y i e l d  of  100 k t o  

The shot  detonated on J u l y  6,  1962 re- 

2.2 STATION LAYOUT 

E jec t a  s t a t i o n  l o c a t i o n s  were based on a predic ted  c r a t e r  r a d i u s  

of 213 meters (700 f t )  (Reference 7).  Sampling r i n g s  X ,  A ,  B, C, D, 

' E ,  F, and G were loca t ed  at d is tances  from ground zero of 1 3 / 4 ,  2, 

2 1/2, 3, 4, 5, 6, and 8 predicted c r a t e r  r a d i i ,  r e spec t ive ly .  The 

range of  r a d i a l  d i s t ances  over which s t a t i o n s  were loca ted  was f e l t  t o  

be s u f f i c i e n t  f o r  t h e  est imated range of y i e l d s .  

spaced at f i f teen-degree i n t e r v a l s ,  were numbered sequen t i a l ly  from 1 

t o  24 i n  a clockwise d i r e c t i o n ,  Line 1 being coincident  with the  N 15 E 

bearing. 

south. 

p red ic ted  c r a t e r  boundary are  shown i n  Figure 2.1. A l l  s t a t i o n s  were 

loca ted  by Holmes and H a v e r  survey teams t o  an accuracy of  -30.5 cm 

Radial  sampling l i n e s ,  

0 

The p reva i l i ng  wind d i r e c t i o n  f o r  J u l y  is d i r e c t l y  from t h e  

A l l  e j e c t a  s t a t i o n  l o c a t i o n s  r e l a t i v e  t o  ground zero and the 

+ 

(21 f t ) .  

A l l  t a r p  s t a t i o n s  were c leared  of  random d e b r i s  and p l a s t i c  t r a y s  

were placed along F and G r i n g s  on the  af ternoon of  D - 1 day. 

8 



X 
A 
B 
C 
D 
E 
F 
G 

1225 
1400 
I 750 
2100 
2800 
3500 
4200 
5600 

D SECONDARY TARPS 
rn PRIMARYTARPS 
o PIPE 

FLEXIBLEROD 
0 TRAYS a MISSILE SURVEY AREA 

Figure 2.1 

9 



2.3 DESCRIPTION OF STATIONS 

Two methods were used t o  ob ta in  da t a  on mass d i s t r i b u t i o n  of crater 

Areal dens i ty  was determined by weighing e j e c t a  samples ob- e j ec t a .  

t a ined  from t a r p  and t r a y  s t a t i o n s .  ( A  t a r p  s t a t i o n  c o n s i s t s  of a heavy 

canvas t a r p a u l i n  fas tened  t o  t h e  ground surface.)  Ver t i ca l  pipes  and 

rods  were i n s t a l l e d  t o  gage e j e c t a  th ickness  by marking the preshot 

pos i t i on  of  t he  o r i g i n a l  ground sur face  and t h e  postshot  pos i t ion  of  t h e  

e j e c t a  sur face  on t h e  same pipe. Spray pa in t  o f  var ious co lo r s  w a s  used 

t o  record ground su r face  and e j e c t a  su r face  pos i t i ons  on rods  and pipes,  

The 68 primary t a r p  s t a t i o n s  cons is ted  o f  one o r  more 60 by 120 cm 

(2 by 4 ft) heavy canvas t a r p s  o r i en ted  so t h a t  t h e  sho r t e r  dimension 

w a s  cc inc ident  with t h e  radial  d i r e c t i o n  from ground zero. Tarp s t a t i o n s  

were loca ted  along t h e  nor th ,  east, scuth,  and west r a d i a l  l i n e s  a t  the  

X,  A ,  B,  C ,  D,  E, F, and G r ings .  Tarps were a l s o  placed a t  f i f teen-  

degree i n t e r v a l s  a long t h e  A and C r i n g s ,  

t o  sample approximately 0.2 percent and c i rcumferent ia l  s t a t i o n s  about 

1.2 percent of  t he  circumferences a t  t h e i r  r e spec t ive  d i s t ances  from 

ground zero. Tarps were fas tened  t o  t h e  ground with s t ee l  sp ikes  

approximately 25 cm i n  length.  

Radial  s t a t i o n s  were designed 

Thir ty-eight  secondary t a r p  s t a t i o n s ,  each cons i s t ing  of  a s i n g l e  

120-crn (4 f t  by 4 f t )  square t a r p ,  were loca t ed  so  t h a t  twenty were on 

t h e  D c i r c l e ,  t e n  on the  B c i r c l e ,  and e igh t  on the  X c i r c l e .  

Twenty-four v e r t i c a l  1.3 cm (1/2 in . )  s t e e l  p ipes  were loca ted  

The height  of  pipe protruding along each of t h e  A ,  B, C, and D c i r c l e s .  

above t h e  ground sur face  w a s  approximately 150, 120, 120, and 60 c m  

Q 
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(5, 4, 4, and 2 f t )  along the  A,  B, C ,  and D c i r c l e s ,  respec t ive ly .  

v e r t i c a l  pipe segments were fastened by a s tandard coupling t o  a 6o-cm 

(2 f t )  s ec t ion  dr iven i n t o  the  ground. 

with s t a t i o n  l o c a t i o n s  f o r  i d e n t i f i c a t i o n  a f t e r  recovery. 

All 

Pipe s e c t i o n s  were metal, stamped 

Twenty-four f l e x i b l e  s t e e l  rods  were loca ted  along both the  X and 

A rings. 

t h e  ground. 

ground sur face)  immediately a f t e r  i n s t a l l a t i o n .  

Each rod w a s  240 cm (8 f t )  long  with 90 cm ( 3  f t )  dr iven i n t o  

A l l  rods  and pipes  were spray painted ( t o  des igna te  o r i g i n a l  

Twenty p l a s t i c  t r a y s ,  approximately 25 by 36 by 8 cm (10 x 13 x 3 i n . )  

were loca t ed  along both the  F and G c i r c l e s  a t  i n t e r s e c t i o n s  of a l l  radial  

l i n e s  except 6, 12,  18, and 24. 

s t e e l  cab le  and four  20-cm (8 i n . )  s t e e l  spikes .  

l a t e  on D - 1 day t o  avoid accumulation of preshot random debris .  

Each t r a y  w a s  held i n  place with l i g h t  

Trays were pos i t ioned  

The sampling a r r ay  cons is ted  of a t o t a l  of 196 d i f f e r e n t  s t a t i o n s  

t h a t  could y i e l d  290 e j e a t a  a r e a l  dens i ty  and th ickness  measurements. 

TebLe 2.1 is a summary of all e j e c t a  s t a t i o n s .  

preshot photographs of e j e c t a  sampling s t a t i o n s .  

l-igure 2.2 shows t y p i c a l  

2.4 SAMPLING TECHNIQUES 

The sampling procedures descr ibed he re in  were used f o r  the  recovery 

opera t ion  which has  been completed. Additional recovery a t  A, B, and C 

s t a t i o n s  w i l l  be attempted at a l a t e r  time. 

Areal dens i ty  samples were taken i n  seve ra l  ways. A t  all primary 

t a r p  s t a t i o n s  with the  exception of t h e  C s t a t i o n s ,  t he  a r e a l  dens i ty  

was determined by weighing t a r p  and sample together  and sub t r ac t ing  the  

t a r p  weight. Areal d e n s i t i e s  at F and G t r a y  s t a t i o n s  were determined i n  

11 



TABLE 2,1 SUMMARY O F  EJXTA SAMPLING STATIONS 

Ring Distance from Ground Zero Number of Stations 
Primary Secondary Pipe Flexible Tray 

TWP TWP Rods 

meters f ee t  increments 
of predicted 
crater r a d i i  

X 373 
A 427 
B 533 
C 640 
D 853 
E 1067 
F 1280 
G 1707 

1225 
1400 
1750 
2100 
2800 
3500 
4200 
5600 

1 3/4 
2 
2 1/2 
3 
4 
5 
6 
8 

8 24 
24 24 24 
4 10 24 

24 24 
4 20 24 
4 
4 20 
4 20 

TOTALS 68 38 96 48 40 

12 



Station X24 - 4 ft by 4 ft tap same as those usad 
along D circle. 

Station G24 - Note flve 2 ft by 4 ft tarps 
required at this range (5,600 ft). 

Station C23 
Figure 2.2 
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t h e  same way. 

A t  c lo se r  s t a t i o n s  where t h e  e j e c t a  th ickness  w a s  g rea t e r ,  o the r  

techniques were used t o  measure the  a r e a l  dens i ty .  

a l l o y  boxes of known cross-sec t iona l  a r ea  (1 f t  

i n  obta in ing  samples on the  D t a rps .  

e j e c t a  u n t i l  i t s  lower edge r e s t e d  on the  ta rp .  

t he  aluminum form w a s  then removed and weighed. 

Bottomless aluminum 

2 2 and 2 f t  ) were used 

The box w a s  forced down i n t o  t h e  

The mater ia l  i n s i d e  

A t  seve ra l  of t he  D s t a t i o n s  where the  o r i g i n a l  t a r p  w a s  missing 

or badly damaged and at the  four  C s t a t i o n s  f o r  which d a t a  a r e  here in  

repor ted ,  a thin-wal l  sampler having a cross-sec t iona l  a r ea  of 93 cm 

(0.1 f t  ) w a s  used. Tube b a r r e l s  of 120 and 240 cm (2 and 4 f t )  are  

a v a i l a b l e  f o r  use with t h i s  sampler. 

e j e c t a  were excavated unt i l  the  preshot ground sur face  was i d e n t i f i e d .  

A s t e e l  p l a t e  w a s  then  dr iven ho r i zon ta l ly  coincident  with the  preshot 

su r face  and used as the  base t o  which the  sample w a s  taken. Recovery 

apparatus  are shown i n  Figure 2.3 .  

2 

When using the  thin-wall  sampler, 

14 



One square foot sampler in place 
during recovery at  Station D3. 

Thin wall sampler. 

One and two square foot 
samplers. 

Figure 2.3 



CHAPTER 3 

RESULTS 

3.1 AREAL DENSITY 

Sample recovery has  been completed f o r  all G, F, E, and D s t a t i o n s  

( see  Figure 2 0 1 > 0  

t h e  thin-wall  sampler. 

thicknesses  prevented recovery of  all s t a t i o n s .  Additional samples will 

be recovered a t  a la te r  time. 

a r e  shown i n  Figure 3.1. 

Four samples were recovered along t h e  C r i n g  us ing  

High r a d i a t i o n  l e v e l s  and excessive e j e c t a  

Photographs of  s eve ra l  postshot  s t a t i o n s  

A l l  o r i g i n a l  data are included i n  Tables  A.1,  A . 2 ,  and A . 3  of the  

appendix. Areal d e n s i t i e s  f o r  a l l  recovered s t a t i o n s  are summarized i n  

Table 3.1. Ejec ta  th ickness  estimates a r e  given i n  Table 3.1 us ing  t h e  

average s p e c i f i c  g rav i ty  of  1.5 determined by volumetric l e n s i t i e s  

l i s t e d  i n  Table ~ . 6 .  Average areal d e n s i t i e s  are shown i n  Table 3.2. 

Average areal d e n s i t i e s  f o r  a l l  samples recovered are p l o t t e d  

versus  d i s t ance  from ground zero i n  Figure 3.2* 

squares  s t r a i g h t  l i n e  f i t  t o  these  data.  The equation of  t h e  s t r a i g h t  

Also shown is  the  least  

l i n e  is: 

12 g = 5.77 x 10 

R3*64 

2 Where: = a r e a l  dens i ty  i n  kg/m 

R = r a d i a l  d i s t ance  from ground zero i n  meters 

Figure 3.3 shows t h e  d a t a  and corresponding l e a s t  squares  bes t  f i t t e d  

s t r a i g h t  l i n e s  f o r  the  primary r a d i a l  l i n e s o  The equat ions of t hese  

f i t t e d  l i n e s  a r e  as follows: 
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TABLE 3.1 AREAL DENSITY AT RECOVERED STATIONS 

S ta t ion  Areal Estimated S ta t ion  Areal Estimated 
Density Thickness* Density Thickness* 

G 1  
G 2  
G 3  
G 4  
G 5  

G 6  
G 7  
G 8  
G 9  
G10 

G 1 1  
G 1 2  
G 1 3  
G14 
(315 

~ 1 6  

~ 1 8  
G17 

G19 
G 2 0  

G 2 1  
G22 
G23 
G24 

F 1  
F 2  
F 3  
F 4  
F 5  

F 6  
F 7  
F 8  
F 9  
F10 

kg/m' 

8 .io 
6.15 
8 -93 
7-71 

16.9 

3 -08 
6.54 

41 .O 
30.3 
4.59 

3076 
3.08 
4.59 

10.9 
11.3 

7.37 
6 .is 
1.27 
6 093 
1.42 

3 e37 
9033 
8.69 
1.86 

19.6 
37 00 

52.5 
24.0 

42.7 

10 02 
58 -9  

55.7 
17.6 

--- 

cm 

0.54 
0.41 
0.60 
0.51 
1.1 

0.21 
0.44 
2.7 
2 00 
0.31 

0.25 
0 e 2 1  
0.31 
0.73 
0.75 

0.49 
0.41 
0.08 
0.46 
0.10 

0 022 
0.62 
0.9 
0.12 

1.3 
2 -5 
1.6 
3.5 
2 09 

0.68 
3.8 

3.7 
1.2 

--- 

F11 
F12 
F13 
F14 
Fl5 

m 6  
37-7 
~ 1 8  
Fl9 
F20 

F21 
F22 
F23 
F24 

E 6  
E12 
~ 1 8  
E24 

D 1  
D 2  
D 3  
D 4  
D 5  

D 6  
D 7  
D 8  
D 9  
D 1 0  

D 1 1  
D 1 2  
D l 3  
D14 
D 1 5  

kg/m2 

37.6 

63.4 
58.5 
35.4 

18 eo 

66.9 
17.2 

44.2 

48.6 

25.1 

39.5 

7.62 

52.8 

6.69 

62.1 
21.9 
23.1 
19.5 

129 

104 
125 
147 

91 02 

89 03 
191 
262 
118 
101 

53.6 

87.6 
95.2 

78 05 
177 

cm 

2.5 
1.7 
4.3 
3.9 
204  

2.6 
1.2 
0.9 
4.5 
1.2 

2 .9 
3.5 
3.2 
0.45 

8.7 
6.1 
6 e9 
8.4 
9.8 

6 .o 
13 
19 
7.9 
6.8 

3.6 
6.4 
508 
5.2 

12 



TABLE 3el AREAL DENSITY AT RECOVERLD STATIONS (Continued) 

S t a t i o n  Areal Estimated 
Density Thickness* 

~ 1 6  

~ 1 8  
D 1 7  

D l 9  
D20 

D21 
D22 
D23 
D24 

c 6  
c12 
c18 
C24 

kg/m2 

124 
134 

108 
42.0 

114 
78 .o 
57.4 
38.2 

cm 

22 
42 
15 
38 

~ ~~ 

3 Based on assumed dens i ty  of  1.5 gm/cm . 
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TABLE 3 e 2  AVERAGE AREAL DENSITIES 

Ring Radial Distance Areal Density 
from Ground Zero Radius 6 Radius 12 Radius 18 Radius 24 A l l  Radii 

meters kg/m2 

G 1707 3.08 3008 1 . 2 7  1.86 8.89 
F 1280 1002 25.1 7.62 6.69 36.6 
E 1067 62.1 21.9 23 -1 19 05 31.6 
D 833 89 e3 95 -2 42 .O 38.2 111 00 
C 640 323.0 632 .o 229 .O 561 .o 436 .O 

I 

I 

20 
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3ar shows range in areal density 
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Explanat ion 

0 Radius 6 
- - -ARadius 12 
-.  --+Radius 18 

 radius 24 - ... - 

RAD I AL D I STANCE (meters) 
Figure 3.3  
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Radius 6 (Eas t )  
16 1.23 x i o  s =  

1.31 x loL' 
= ,5.14 

s =  R.5e13 

Radius 1 2  (South) 

5.69 x 10 16 
Radius 18 (West) 

1.86 x 10 18 
Radius 24 (North) 6 =  ,5060 

The v a r i a t i o n  of t h e  amount of  e j e c t a  at a constant  r a d i a l  d i s t ance  

from gound zero i s  i l l u s t r a t e d  i n  Figure 3.4 f o r  Rings D, F, and G.  Areal 

d e n s i t i e s  vary by about a f a c t o r  of 30 along t h e  G r i n g ,  10 along t h e  F 

r ing ,  and 7 along t h e  D r i n g o  The t r a y  a t  F8 w a s  not  recovered but i t  

was i n  an area of  high areal densi ty .  The t a r p  at D20 was buried be- 

neath the  l i p  of  a l a r g e  sp lash  c r a t e r ,  

F l ex ib l e  rod s t a t i o n s  have not been recovered. Samples from t h e  

o u t e r  r i n g  of  s t a t i o n s  a t  which pipes  were placed have been recovered. 

Only three o f  t h e  24 p ipes  i n s t a l l e d  along the  D r i n g  were found i n  a 

v e r t i c a l  pos i t i on  and i s  is  doubtful  i f  any of  t he  p ipes  o r  rods  a t  t h e  

inner  s t a t i o n s  w i l l  be found standing. The amount of  d e b r i s  f a l l i n g  on 

t h e  su r face  a t  r e l a t i v e l y  low t r a j e c t o r y  angles  was apparent ly  g rea t  

enough t o  s t r i k e ,  and e i t h e r  bend o r  break, most of  the  p ipes  and 

probably a l l  f l e x i b l e  rods  loca t ed  wel l  w i th in  t h e  D r ing .  

The th ickness  o f  e j e c t a  a t  pipe l o c a t i o n s  recovered i s  l i s t e d  i n  

Table A.4  i n  t h e  appendix. The gaged th icknesses  a t  S t a t i o n s  D2, D 1 1 ,  

and D22 were 8.2, 3.7, and 2.8 cm, r e spec t ive ly .  The ca lcu la ted  thick-  

nesses  a t  these  s t a t i o n s  were 6.1, 3*6, and 5.2 cm, respec t ive ly .  The 

average gaged th ickness  a t  these  th ree  s t a t i o n s  w a s  4.9 crn, which i s  

f o r t u i t o u s l y  c lose  t o  t h e  average ca lcu la ted  th ickness  of  5.0 cm f o r  

23 
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these  same s t a t i o n s .  E jec t a  th ickness  a t  a pipe is, of course, for a 

s i n g l e  very small a r e a  while a r e a l  dens i ty  measurements r e s u l t  i n  an 

average th ickness  f o r  a much l a r g e r  r e l a t i v e  area.  

3.2 VOLUMETRIC DENSITY 

Twelve samples were taken t o  determine volumetric dens i ty  of t he  

e j ec t a .  These da t a  a r e  given i n  Table ~ 0 6  of t h e  appendix, The 

average dens i ty  of t he  twelve samples was 1.5 gm/cm3 (94 l b / f t  3 ). 

This is the  ' i n  s i t u '  dens i ty ;  however, moisture content determinat ions 

w i l l  be made at a l a t e r  time. 

3.1 a r e  based on t h i s  densi ty .  

E jec t a  thicknesses  presented i n  Table 

3.3 BASE SURGE 

The edge of t he  base surge deposi t  w a s  taken from the  a e r i a l  photo- 

graphs made by the  Naval Off ice  of Radiological Defense Laborator ies  

(NRDL) on D + 1 day. 

wind and p a r t i c u l a r l y  downwind, t he  base surge deposi t  edge is gra- 

da t iona l  and d i f f u s e  and l o c a l l y  indeterminate.  

showing t h i s  base surge deposi t  edge as determined from the  NRDL a e r i a l  

photographs. 

The upwind deposi t  is e a s i l y  discernable .  Cross- 

Figure 3.5 is  a map 

3.4 MISSILE SURVEY 

A miss i l e  survey was made along the  four  primary sampling r a d i i .  

Locations of t h e  These da t a  a r e  l i s t e d  i n  Table A.7 of t he  appendix. 

mi s s i l e s  a r e  shown i n  Figure A.1. 

Splash,  o r  impact, c r a t e r s  were genera l ly  assoc ia ted  with the  re-  

mote mis s i l e s  and r e s u l t  from miss i l e  impact with the  ground surface.  

25 
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Dimensions of  sp lash  c r a t e r s  surveyed a r e  shown i n  Table A.7. 

tG-lip diameters of smaller  sp lash  c r a t e r s  were about two t o  four 

times mis s i l e  diameters.  

quent wi th in  the  D r i n g  and were more common i n  the  northwest quadrant.  

One c r a t e r  measuring about 24 f e e t  l i p - t o - l i p  w a s  noted on t h e  F r ing ,  

a d i s t ance  of 1,280 meters from ground zero. 

t h e  l i p - t o - l i p  diameters  of  these  sp lash  c r a t e r s  are as l a r g e  as 20 

meters. Addit ional  exploratory work w i l l  be done on these  sp l a sh  

L i p  

Large impact c r a t e r s  were r e l a t i v e l y  f r e -  

It is est imated t h a t  

c r a t e r s  a t  a l a t e r  time. 

3.5 LIMIT O F  BALLISTIC EJECTA 

The edge of  b a l l i s t i c a l l y  e j ec t ed  d e b r i s  occurs  a t  o r  beyond 

2,140 meters from ground zero,  t h i s  being the  r a d i a l  d i s t ance  observed 

f o r  t h e  outermost missile and i t s  sp lash  c r a t e r .  This  p a r t i c u l a r  

mi s s i l e  was found along the  bear ing  ( S  60' E) coincident  with a major 

e j e c t a  concentrat ion o r  ray extending outward from t h e  crater.  

3.6 RAYED EJECTA DISTRIBUTION 

Rays a r e  not  c l e a r l y  def ined on t h e  aerial  photographs s ince  

aeo l i an  dust  w a s  deposi ted by the  base surge t o  approximately twice t h e  

r a d i a l  d i s tance  est imated f o r  b a l l i s t i c  debr i s .  This base surge depos i t  

w a s  genera l ly  th i ck  enough t o  co lor  t he  r eg ion  of  depos i t ion  and obscure 

r a y s  general ly  marked by l i g h t e r  colored fragmented ejecta.  I s o l a t e d  

mounds of e j e c t a  a meter o r  so  t h i c k e r  than t h e  adjacent  d e b r i s  are  

common i n s i d e  the  D r i n g ,  p a r t i c u l a r l y  south of  t h e  crater. 

27 



3e7 COMMINUTION AND SORTING 

Ejec ta  samples recovered from s t a t i o n s  loca t ed  along primary 

r a d i a l  sampling l i n e s  have been s to red  at the  Nevada Test  S i t e  f o r  

l a te r  comminution ana lys i s .  (Comminution is  defined as the  reduct ion  

of s o i l  p a r t i c l e  s i ze  which r e s u l t s  from the  explosive shock.) 

of the  t r a y  samples from t h e  F and G r i n g s  were also packaged and 

s to red  f o r  l a te r  study. 

Many 

Layering w a s  observed at s t a t i o n s  where s i g n i f i c a n t  e j e c t a  thick-  

The v e r t i c a l  s o r t i n g  and nesses  ex i s t ed  (See Figure 3.1, S t a t i o n  D 8 ) .  

s t r a t ig raphy  of t h e  e jecta  p r o f i l e  w i l l  be recorded during fut i i re  re- 

covery operations. 
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CHAPTER 4 

DISCUSSION 

4.1 GENERAL 

Recovery w a s  delayed unti l  D + 23 days because of t h e  high 

r a d i a t i o n  l e v e l s  e x i s t i n g  a t  the  e j e c t a  s t a t i o n s .  

be made t o  obta in  add i t iona l  e j e c t a  da t a  a t  a l a t e r  time. 

t he  delay period, winds typ ica l  of the  a r e a  eroded the  f i n e  dust  

l a y e r  deposited from the  base surge cloud. 

days temporarily delayed and changed the  wind erosion. 

An attempt w i l l  

During 

A l i g h t  r a i n  on D + 21  

The t r a y  a t  F8 could not  be located.  This  s t a t i o n  w a s  l oca t ed  

i n  a region of heavy e j e c t a  concentrat ion,  a ray  extending about S 

60°E from the  c r a t e r .  Inves t iga t ion  of the  F8 a r e a  ind ica t ed  t h a t  

e j e c t a  were e n t i r e l y  eroded from r i d g e s  on the  preshot ground surface.  

Dr i f ted  dust  concentrat ions were 15 crn deep i n  depressions i n  the  pre- 

shot  ground sur face ;  however, the  average e j e c t a  depth f o r  t h i s  a r e a  

was about 5 cm. 

The t a r p  a t  S t a t i o n  D 2 0  could not be located.  Resurvey of t h i s  

s t a t i o n  es tab l i shed  its l o c a t i o n  under the  l i p  c r e s t  of  a l a r g e  sp l a sh  

c r a t e r .  Probing i n  t h i s  region ind ica t ed  t h a t  e j e c t a  a t  t h i s  s t a t i o n  

w a s  100 t o  1% crn i n  depth. 

ever ,  s eve ra l  thin-wall  samples were recovered. 

The t a r p  at D 7  a l s o  w a s  not l oca t ed ;  how- 

The primary t a r p  sample c o l l e c t o r s  appeared t o  be more sub jec t  

t o  wind erosion than were t r a y s  loca t ed  i n  the  F and G r ings .  

sis of d a t a  shows t h a t  a r e a l  dens i ty  obtained from these  primary s t a t i o n s  

was cons i s t en t ly  l e s s  than t h a t  obtained from the  t rays .  

Analy- 

Figure 3.4 
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i l l u s t r a t e s  t h e  l e s s e r  dens i ty  recorded from t h e  primary t a p  s t a t i o n s .  

E jec t a  th icknesses  presented i n  Table 3-1 a r e  based on a dens i ty  

3 of  1.5 gm/cm3 (94 l b / f t  ). 

s i t y  samples taken a t  var ious  l o c a t i o n s  i n  the  c r a t e r  l i p  ( see  Table A . 6 ) .  

These est imated e j e c t a  th icknesses  have been used t o  cons t ruc t  t he  e j e c t a  

isopach map shown i n  Figure 4,l. 

depth g r e a t e r  than  5 cm, a 1-cm contour l i n e  was constructed as shown i n  

Figure 4.1. 

showing the  o u t e r  l i m i t  of  t h e  base surge deposi t .  

This  dens i ty  is t h e  average of  twelve den- 

Inasmuch as d e t a i l  is lacking  f o r  e j e c t a  

This  1-cm contour i s  a l s o  shown i n  Figure 3.5, the  map 

4.2 PREDICTED EJECTA DISTRIBUTION 

The c r a t e r  was predic ted  t o  have an apparent r a d i u s  of 213 meters 

(700 f t )  (Reference 7).  The predic ted  e j e c t a  th ickness  (made p r i o r  t o  

t h e  Sedan de tona t ions)  is based on a c r a t e r  of t h i s  s i ze  using high ex- 

p los ive  da ta .  It should be noted, however, t h a t  d i f f e rences  i n  the  bas i c  

phenomenology of h igh  explos ives  and nuclear  explosives  ( f o r  example, t he  

l a c k  o f  a l a t e -ven t ing  gaseous sphere Tor nuc lear  explosives)  may g r e a t l y  

a l t e r  t h e  d i s t r i b u t i o n  of e j e c t a  f o r  what otherwise might be considered 

comparable shots .  

A simple power l a w  s i m i l a r  t o  t h a t  used t o  c o r r e l a t e  e j e c t a  da t a  

r e s u l t i n g  from high explosive experiments is  assumed. It is of  the  form: 

n t = k/oc 

Where: t = e j e c t a  th ickness  

k t a p ropor t iona l i t y  constant  

d = t he  d i s t ance  from ground zero i n  increments of  apparent 

c r a t e r  r a d i u s  
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intended t o  be s l i g h t l y  greater than optimum f o r  crater formation 

(Reference 7). Two chemical explosive shots ,  Stagecoach I11 burs t  at 

34 f t  and Scooter, burs t  at 125 f t ,  were detonated i n  Area 10. These 

a r e  the  only c r a t e r i n g  shots  a t  a bur s t  depth equivtklent t o  Sedan f o r  

which e j e c t a  measurements are avtti lable.  

q u a n t i t i e s  f o r  Stagecoach 111, Scooter,  and Sedan a r e  l i s t e d  i n  Table 

4.1. 

about fou r  crater r a d i i  f o r  Stagecoach I11 (Reference 1). 

f o r  t he  Scooter crater l i p  were obtained f o r  t he  region beyond 9.6 

c m t e r  radii .  Assuming t h a t  debris thickness  a t  the  Scooter c r s t e r  

l i p  c r e s t  i s  50 percent of the average l i p  c r e s t  height  and tha t  debr i s  

weighs about 1.2 gm/cm , then the  exponent n f o r  Scooter between t h e  

l i p  c r e s t  and the  innermost e j e c t a  a r e a l  dens i ty  da t a  i s  about 3.75. 

Since the  Sedan shot  w a s  t o  be buried a t  s l i g h t l y  more than optimum, 

the  exponent n may be s l i g h t l y  l a r g e r  than f o r  Scooter. 

n = 4 vas assumed. 

Charge and bu r s t  degth 

The e q o n e n t  n was about 4 near  the c r a t e r  l i p  and about 2 beyond 

Ejec ta  da t a  

3 

A value of 

The average l i p  c r e s t  height  f o r  Sedan was est imated t o  be 21.33 

k l f  of t he  l i p  meters (70 f t )  a t  1.2 crater r a d i i  from ground zero. 

a t  the  c r e s t  was assumed t o  be fa l lback .  

e j e c t a  thickness  f o r  Sedan was predicted using the  following equation: 

Using these  assumptions, 

t = 2300 &-4cm 

Predicted t h i c h e s s e s  a r e  l i s t e d  i n  Table 4.2. 

Predicted and measured e j e c t a  thickness  as a func t ion  of d i s tance  

i s  shown i n  Figure 4.2. The Sedan c r a t e r  was smaller than predicted.  

The Sedan shot  was buried i n  dese r t  alluvium at  a depth of bu r s t  
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TABLE 4 . 1  SHOT DATA 

Yield 
I I 1 

Medium Shot 

Stagecoach I11 
Scooter 

Sedan 

Explosive 

TNT 

TNT 

Nuclear 

20 tons 

500 tons 
100 k t 

Desert Alluvium 34 1.42 1 .oo 
Desert Alluvium 125 1.98 1.25 

Desert A1 luvium 6 35 2.05 1.08 

1 1 Scaled Burst Depth 

I I 1 

1 f F (  Ib) l L 3  f t  FEET 
t I I 

. .  . .  I 

I I I I I 
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o Average debris 
thickness ass u ming 
ejecta dengity of 
1.5 gmlcm 

Meas u red, \ 

least squares 
f i t  

A 
IC 

f Predicted 

RADIAL DISTANCE FROM GROUND ZERO (meters) 

Figure 4.2 
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* 
TABLE 4.2 PRESHOT EJECTA THICKNESS PREDICTIONS 

Ring Radial  Distance Ejec ta  Thickness 

meters fee t  

A 427 1400 
B 533 17% 
C 640 2100 
D 8 53 2800 
E 1067 3500 

(i 3707 5600 
F 1280 4200 

increments 
of pred ic ted  
c r a t e r  radii 

2 
2 1/2 
3 
4 
5 
6 
8 

cm inches  

~~ ~ ~~ ~~ 

3 * Based on an assumed e j e c t a  dens i ty  of  102 gm/cm3 (75 lb/ft .> 

60 
24 
10.8 

102 
o 06 
0 02 

306 
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The volume of the  debris i n  the l i p  w a s  smaller and the debr i s  was 

spread over a larger area.  

c o r r e l a t i o n  of predicted and measured debris thickness i n  the region 

sampled 

This re su l t ed  i n  re la t ively c lose  

4.3 IMPACT CRATEZ3.S AND SURFACE RUBBLE 

Many impact craters with l i p - t o - l i p  diemeters equal t o  about 10 

meters o r  more occur approximately within the  D r ing.  The nature  of 

the  missiles which formed these  craters i s  unknown. 

impact craters were probably formed by d i s c r e t e  masses of poorly-sorted,  

uncohsolidated alluvium; however, s ec t ions  of casing from the device 

emplacement hole  o r  large boulders could have caused some of the smaller 

impact c r a t e r s .  Comminuted alluvium near  the device,  compacted and 

partially cemented by the in t ense  shock wave, i s  another  poss ib le  

missile source f o r  the f o m a t i o n  of large impact c r a t e r s .  

splash craters may ind ica t e  t h e  type and r e l a t i v e  abundance of the  

missiles which caused them. 

by the photosraThs i n  F i g m e  4.3. 

The bulk of: large 

Study of 

Impact o r  splash c r a t e r s  are i l l u s t r a t e d  

The rough, rubble- l ike na ture  of the  e j e c t a  surface i s  shown i n  

Figure 4.4. 

the D ring on a bear ing of about S 30' W. An abundance of fused si l i-  

c a t e s  was observed wi th  their  outermost ex ten t  being i n  the area adja- 

This  photograph was taken looking toward the  c r a t e r  from 

cent t o  S t a t i o n  E6. /--. 



Small impact crater near 
G ring. 

Large impact cl'ater on D ring. 
(Note bou I der in background 
which probably caused crater.) 

Large impact crater on F ring. 
(Missile which caused crater i s  
not evident) . 

Figure 4.3 
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Cmpostte d e w  from Statton D20 looktng southeast. 

View trom Station El4 looking northeast. 

Figure 4.4 
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4,4 MISSILE STRUCTURAL DAMAGE 

A s i g n i f i c a n t  case of  missile damage t o  a s t r u c t u r e  was documented. 

A missile whose na ture  is unknown s t ruck  t h e  Jangle  3.7 idea l i zed  

s t r u c t u r e  causing severe damage t o  i t s  roof .  This  s t r u c t u r e  was lo-  

ca ted  approximately 900 meters (3,000 f t )  from ground zero. Photographs 

of  t he  r e s u l t i n g  damage a r e  shown i n  Figure 4.5. 
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The 

CHAPTER 5 

CONCLUSIONS 

Illowing conclusions are  based on t e n t a t i v e  da t a  and a r e  

sub jec t  t o  change i n  t h e  f i n a l  repor t :  

where 6 is  a r e a l  dens i ty  of  e j e c t a  12 R-3.64 1, s = 5.77 x 10 

in kg/m' and R is r a d i a l  d i s t ance  from ground zero between 3.5 and 

9.3 c r a t e r  r a d i i .  

2. The areal dens i ty  of ejecta v a r i e s  s i g n i f i c a n t l y  a t  a 

constant  r a d i a l  d i s tance .  The va r i a t ion  of  a r e a l  dens i ty  appears  t o  

increase  with r a d i a l  d i s t ance  and was within a f a c t o r  of about 30 a t  

1,707 meters, 10 a t  1,280 meters, and 7 a t  853 meters. 



APPENDIX A 

SUMMARY OF RAW DATA 



TABLE A 0 1  EJECTA SAMPLES--PRIMARY RADIAL ARRAY 

Station Tarp Weight of  Sample Weight of Areal  Density 
Plus T a p *  Sample 

G6 

G 1 2  

~ 1 8  

G24 

F6 

F12 

n 8  

F2 4 

G6a 
G6b 
G6c 
G6d 
G6e 

G12a 
G12b 
G12c 
G12d 
G12e 

~ 1 8 a  
~ 1 8 b  
~ 1 8 ~  
~ 1 8 d  
G18e 

G24a 
G24b 
(324c 
G24d 
G24e 

%a 
F6b 
F6 c 

Fl2a 
Fl2b 
Fl2c 

n 8 a  
Fl8b 
n 8  c 

F2 4a 
F24b 
F24c 

pounds 

6.94 
4 .63 
5.88 

5.69 

7 .oo 
7.25 
5-19 
6.19 
7 -13 

4.56 

3 025 
3-25 

9 -19 

3-38 

3.44 

5-19 
3.81 
4.00 
3.75 
4.94 

16.25 
16.25 
22.25 

57.38 
58 031 

6.25 
22.81 

12 *38 
5. 56 

19.75 

12  094 

1302 

lb/f  t2 

0.68 
0 395 
0.55 
0.96 
0 525 

0.69 
0.72 
0.465 
0.59 
0.705 

0.386 
0.24 
0.224 
0.224 
0.248 

0.465 

0.386 

0.294 
0.317 

0.434 

1 ma35 
1.8 33 
2.58 

6.92 
1.42 

7.04 

0.595 
2.64 
1 455 

1-35 
0.51 
2.26 
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TABLE A . 1  EJECTA SAMPLES--PRIMARY IiADIAL ARRAY (Continued) 

S ta t ion  T a r p  Weight of Sample Weight of Areal Density 
P lus  Tarp* Sample 

E6 E6a 
E6b 
E6c 

E12 

~ 1 8  

E24 

D6 

D 1 2  

~ 1 8  

D2 4 

C6 

c12 

c18 

El2a 
El2b 
E12c 

E24a 
E24b 
E24c 

D6a 
D6b 

D12a 
D12b 

~ 1 8 a  
~ 1 8 b  

D24a 
D24b 

~ 6 a  
C6b 

C12a 
C12b 

pounds 

34 e 06 
55.25 
23.38 

19.88 
3.75 
68.25 

1% .81 
158.88 

72.50 
56.75 

c18a 
c18b 

44 

pounds 

84.44 
130.16 

32 . 62 
53.81 

18.44 

66.81 

36.81 
25.06 

133.66 
161.88 

93.87 

21.94 

29 031 

34.81 

157 37 
157.44 

76.94 
62 -26 

71 -06 
55 31 

6.62** 

12  94** 

3*75** 
5.63** 

lb/f t2 

10.43 
16.1 
11.6 

4.05 
6.66 

2.28 

8.27 

4.56 
3.1 
4.31 

16 . 55 
20 eo 

19.5 
19.5 

2.72 

3.63 

9-52 
7.7 

8.8 
6.85 

66.20 

129,4 

37.50 
56 0- 



TABLE A . l  EJECTA SAMPLES--PRIMARY RADIAL ARRAY (Continued) 

S t a t i o n  Tarp Weight of Sample Weight of A r e a l  Density 
P l u s  T a p *  Sample 

pounds pounds lb/f  t2 

C24 
C 2 4 a  
C 2 4 b  

ll.yI** 115.0 

* Average t u p  weight 1.44 p u n d s .  
Average t a r p  a r e a  8.08 f t  

* *  Estimate,  using thin-walled sampling tube and s t e e l  p l a t e  
base at v i sua l ly  i d e n t i f i e d  debris-preshot i n t e r f ace .  

See Table A . 5 .  
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TABLE A 0 2  E m T A  SAMPLES--TRAYS 

S ta t ion  Weight of Tray* Weight of Areal 
P lus  Sample Sample Density 

G 1  
G 2  
(33 
G 4  
G 5  

G 7  
G 8  
G 9  
G 1 0  
G11 

G 1 3  
G14 
G 1 5  

G17 

G19 
G 2 0  
G 2 1  
G 2 2  
G 2 3  

F 1  
F 2  
F 3  
F 4  
F 5  

F 7  
F 8  
F 9  
n0 
F1l 

m-3 
n 4  
li7.5 
n 6  
F17 

~ 1 6  

pounds 

1.75 
1.44 
1.88 
1.69 
3 013 

1.50 
6.94 
5.25 

1.06 

1.19 
2.19 
2 -25 
1.63 

1.56 
0.69 
1.00 
1-94 
1.81 

1.19 

1.44 

3.56 
6.31 

8-75 

9.44 
l o s t  
9.25 
3 -25 
6 0 %  

11.25 
9.69 
6.06 
6.69 

4.25 

7.19 

3.31 

46 

pounds 

1,28 
0.97 
1041  
1022 
2.66 

1-03 
6.47 
4.78 
0.72 
0.59 

0.72 
1.72 
1.78 
1.16 
0097 

1009 
0022 
0.53 
1047 
1.37 

3 009 

3078 
5.84 

8.28 
6-72 

8 097 

8.78 
2.78 

10.78 
9.22 
5.59 
6.22 
2.84 

--- 

5-91 

lb/f t2 

1.66 
1.26 
1.83 
1.58 
3.46 

8.4 
6.2 

0.765 

0 935 
2.24 

1 034 

0 0935 

2 031 
1051 
1.26 

0.286 
0.69 

1.78 

7.58 

10 075 

1.42 

1091 

4.01 

4.91 

8.74 

11.65 

3.61 
7.7 

14.0 
11 -98 

7.25 
8.09 
3.69 

--- 
11.4 



TABLE A.2 EJECTA SAMPLES--TRAYS (Continued) 

S t a t  ion Weight of Tray* Weight of Areal 
P lus  Sample Sample Density 

pounds pounds l b / f t 2  

F l9  
F20 
F21 
F22 
F23 

11 000 
3.19 
7.44 
8.81 
8.13 

c * Average t r a y  weight 0.47 pounds and zverage t r a y  a rea  0.77 f t  . 
See Table A.5. 
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TABLE A . 3  EXETA SAMPLES--SECONDARY TAWS 

S t a t i o n  Weight of  Col lec tor  Areal Sampling Remarks 
Sample Area Density Technique* 

- - 

D 1  

D 2  

D 3  

D 4  

D 5  

D 7  

D 8  

D 9  

D 10 

D 11 

D 13 

f tL 

0.1 
0.1 
0.1 

2 00 
2 00 
200 

1 00 
100 
100 
1 .o 

1 e o  

1 .o 

1.0 

0.3 

1 .o 
1.0 
1 .o 

1.0 
1.0 
1.0 
100 

0.1 

2 e o  

2 .o 

100 
100 
100 
100 

lb/ f  tL 

21 90 
29 40 
28 JO 

20.88 
18.38 
16.78 

20e13 

22 0 59 
18.03 

26.66 

2k013 

24 72 

30 09 

39 * 17 

50.78 
51 003 
58 094 

28.28 
25*34 
22.97 
19 097 

20 07 

B 

A 

A 

A 

A 

B 

A 

A 

C 

A 

A 

Tarp destroyed. 

Tarp i n t a c t .  

Tarp i n t a c t .  

Tarp p a r t i a l l y  
destroyed. 

Tarp p a r t i a l l y  
destroyed. 

Tarp not found. 

Tarp i n t a c t .  

Tarp p a r t i a l l y  
destroyed. 

Tarp badly damaged. 
Thickness estimates: 
3*0 in . ,  2.75 in., 
3.75 in. 

Tarp i n t a c t .  

Tarp i n t a c t .  



TABLE A 0 3  EJECTA SAMPLES-SECONDARY TARPS (Continued) 

Stat ion Weight of Col lec tor  Areal Sampling Remarks 
Sample Area Density Technique* 

pounds 

D 15 

D 16 

36.85 
36.66 
34.85 
36 91 

34 53 
23.28 
21-97 
30 003 

D 20 

D 21 20 41 
23 a 53 
22.16 
26.91 

D 22 258.16 

f t2 

1.0 
100 
100 
1.0 

1 .o 
1.0 
1 .o 
1 .o 

1 .o 
1 .o 
1.0 
1.0 

1 .o 
1 .o 
1 .o 
1 eo 

1 e o  

l o 0  
1.0 
1 .o 

1.0 
100 
l o 0  

100 

16.20 

lb/f  t2 

19 78 

13.78 
14.97 

1 5  78 

36-85 
36.66 
34.85 

35.47 
30.72 
16 003 
19 009 

34 9 53 
23.28 
21.97 
30 -03 

22.34 
25 78 
24.09 
15.85 

36 091 

20 41 
23 0 53 
22.16 
26.91 

15 98 

A 

A 

A 

A 

A 

A 

Tarp in tac t .  

Tarp i n t a c t  

T a r p  i n t a c t .  

Tarp  i n t a c t .  

Tarp was fo lded  
where l i g h t e s t  
sample taken. 

Tarp locat ion under 
splash crater and 
l i p ,  Probe thickness:  
32, 44, 54 i n .  
Average 43 i n .  

Tarp  i n t a c t .  

Ent i re  t a r p  picked up. 
Weight of t a r p  p l u s  
sample 260.94 l b s .  and 
weight of t a r p  2.58 lbs. 
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TABLE A .3 EJECTA SAMPLES--SECONDARY TARPS (Continued) 

S ta t ion  Weight of Collector Areal Sampling Remarks 
Sample Area Density Technique* 

pounds f t 2  lb/f t2 

D 23 11 . 47 100 11.47 A Tarp intact .  
9.16 100 9.16 

16.72 1 ,o 16.72 
9059 1 .o 9.59 

Sample Techniques: 

A, 

Bo Debris excavated and or ig ina l  ground surface ident i f ied.  

Sample box inser ted i n  debris  u n t i l  base r e s t s  on tarp.  
Sample removed and weighed. 

A steel  p la te  was insepted along the  o r ig ina l  ground 
surface and the  thin-walled sampling tube w a s  inser ted 
u n t i l  the  base res ted  on the s t e e l  plate.  
removed and sample inside tube weighed. 
Thin-walled sampling tube inser ted  un t i l  base rests on 
tarp.  Sample recovered and weighed. 

Tube and p la te  

C, 



TABLE A.4 EJM;TA THICKNFSS--PIpES 

~~ 

Stat ion Ejecta Thickness 

D-2 

D-11 

D-22 

feet 

0.27 
0.26 
0.27 
0.27 
0.14 
0.15 
0.10 
0 .og 
0.10 
0,10 
0.08 
0 .og 



TABLE A.5 SAMPLE COLLECTOR DATA 

Sampler Collector Number of Average Average Average 
Collectors  Dimensions Area Weight 

~ ~- 

feet  f t 2  pounds 

Primary Tarps 18 2.05 x 3.94 8.08 1.44 

Secondary Tarps 10 4.02 x 4.03 16.20 2.58 

Trays 10 0.71 x 1.08 0.77 0.48 

Thin-walled Sampling Tube 1 0.1 



TABLE A.6 DENSITY OF DEBRIS 

Sample S t a t i o n  Moist Remarks 
Density 

1 E6 
2 D6 
3 c6 
4 ~6 
5 x6 
6 c12 
7 A12 
8 C24 
9 B24 

10 F8 
11 c18 
12 si8 

lb/f  t3 

98 
100 
85 
95 

111 
87 
95 
90 
95 
87 

101 
89 

Sample taken a t  surface.  
Sample taken a t  surface.  
Sample taken at surface.  
Sample taken a t  surface.  
Sample taken at surface.  
Sample taken about 3 inches below surface.  
Sample taken about 4 t o  5 inches below surface.  
Sample taken about 2 inches below surface.  
E jec ta  very loose. 
Drif ted  dust.  

Sample taken one inch below surface.  

Sample taken 2 inches below surface.  
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TABLE A.7 MISSILE SURVEY DATA 

Radius Note L ip to -L ip  Splash Crater  Weight of Distance and Remarks 
Number on Splash Crater  Depth from Lip Missi les  
Figure Dimensions Crest  splash Crater 
A .1 

Direction from 

f e e t  

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

inches 

22 x 24 

30 x 30 

54 x 54 

24 x 24 

24 x 30 

3 x 4 0  

18 x 30 

24 x 24 

3 0 x 4 8  

20 x 22 

--- 
Small 

30 x 42 

pounds 

39.0 
4.13 
2.38 

18 .oo 

47.25 
33.38 

0.31 
11.13 

23-63 
15-50 

2.88 
29-50 

27-25 
17-19 

300 e s t .  

14.31 

39.94 

22.69 

24.88 

9 - 1 3  

300 e s t .  

200 e s t .  

54 

34 f t  E 
Adjacent 
1 f t  s 

10 f t  s 
11 f t  s 
15 f t  NW 
Scat tered 

50 f t  SE 
6 f t  N 

60-70 f t  E 

Circular c r a t e r  

10 s m a l l  fragments 
Circulnr c ra t e r  

Circular c r a t e r  
i n  bush 

6 f t  N 
10 f t  E 
12 f t  NE 
15 f t  N 

Missilez-15 x 15 x 
17 inches 
No splash c r a t e r  
found 

8 f t  E 

6 f t  E Circular c r a t e r  

up t o  50 f t  E 6 fragments 

8 f t  SE 

3 fragments 

3 s m a l l  splash 
c ra t e r s .  No 
missi les .  P i l e  of 
poorly sor ted 
rubble i n  one splash 
crater .  

4 fragments. TWO 
about 10 pounds 
each ana two 
t o t a l l i n g  about 1.5 
f t3 .  



TABLE A .  7 MISSILE SURVEY DATA (Continued) 

Radius Note Lip-to-Lip Splash Craher Weight of Distance and Remarks 
Number on Splash Crater  Depth from L i p  Missi les  
Figure Dimensions Crest Splash Crater  
A . l  

Direction from 

12 

12 

12  

12 

12 

12 

12 

12 

18 

15 

16 

17 

18 

19 

20 

21 

22 

23 

inches 

36 x 36 

24 x 32 

24 x 36 

28 x 28 

24 x 24 

26 x 26 

24 x 28 

20 x 20 

55 x 55 

18 24 15 x 15 

18 25 20 x 20 

18 26 18 x 18 

pounds 

10.63 

42.63 

9.81 

23.44 

23.19 

15-50 

15.88 

16.19 

47.75 
92.00 
20.06 
27.25 
20,30 e s t  

6.69 

19.56 

10.06 

f e e t  

50 f t  s 

Adjacent 

Adjacent 

3 f t  sw 
Adjacent 

In  c ra t e r  

18 f t  s 
In  c ra t e r  

Circular  c r a t e r  

Circular  c r a t e r  

Circular  c r a t e r  

Circular  c r a t e r  
almost d r i f t e d  
f u l l  

Circular c r a t e r  
almost d r i f t e d  
f u l l  

Ci rcu lar  c r a t e r  

Numerous small 
fragments 

Almost d r i f t e d  
f u l l  

Almost d r i f t e d  
f u l l  

Almost d r i f t e d  
f u l l  



TABLE A.7 MISSILE SURVEY DATA (Continued) 

Radius Note Lip-to-Lip Splash Crater  Weight of Distance and Remarks 
Number on Splash Crater  Depth from Lip Missiles 
Figure Dimensions Crest Splash Crater  

Direction from 

A . 1  

inches inches pounds f e e t  

18 27 11 miss i les  15 fo 
40 pounds within 
an area about 150 
f t .  i n  diameter 

18 28 35 x 43 3 43.00 Adjacent 

18 29 25 x 27 3 17.13 

18 30 26 x 47 3 59 75 75 f t  w Long c r a t e r  
dimensions or iented 
N cf  Sedan c ra t e r  

18 31 3 0 x 4 0  4 17.56 
24.00 
9.75 

4 fragments 
3 fragments 

Long c ra t e r  :?:$) 90 f t  E dimensions or iented 
9-38 toward S ta t ion  D-24 

18 32 27 x 35 4-5 

20.00 Adjacent ! b o  splash c r a t e r s  18 33 20 x 20 --- 
and one miss i le  ao x 20 --- 
No miss i les  two 
s m a l l  possible  
splash c r a t e r s  
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