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ABSTRACT 

Aerial  photo~raphy provides a quick, economical accurate tecl-nique 

f o r  detennininp t h e  surface changes caased by an l~ndergrodnd rxlcl-eaW 5 ~ - , -  

cnation.  Pre-shot and post-shct  a e r i a l  ghotoqraphy was cbta?'ned :'cr t:-e 

Rulison detonatton.  These nhotogranhs were viewed stereoscc ical;:r :r 

order t o  assess t h e  surface  chanses associated w i t h  t h e  Rt>iisr,n d e t o n a t i c n .  

The photo i r i terpre ta t ion ve r i f i ed  t h a t  no massive land s l i de s  c r  r rck  

s l i c e s  occilrred as  a r e s u l t  of t h e  Rulison event .  I-lowever, the  in terpre-  

t a t i o n  revealed t h a t  1 3  re la t , ively  snall rock and s o i l  riioven,ents occi~rre6 

withjn 7 k i lone te r s  of Ground Zero. This stud-y d id  not prcvide any infor-  

mation concerning physical  ef'fects beyond 7 kilometers.  



PHOTO INTICRPRETATION OF CLOSE-.IN 
PHYSIC& EFFECTS OF AN UNDERGROUND NUCLEAF? EXPLOSION 

INTROlXl CTION --- 

For each Plowshare experiment, examinations and reconunendaticns a re  

n:ade f o r  a l l  slopes which might a f f e c t  man-rade s t ruc tu res  if fa . i l in -e  cf 

t h e  slope mate r i a l  occurs as a r e s u l t  of t h e  experirflent . A s  ? a r t  c.' the  

Rulison experiment, however, t h e  add i t iona l  o~por tu f i i ty  was rjreserted t o  

study t h e  pre-  and post-event condit ion of nearly every slo::? ~ . r i t h i n  aF- 

proximately 7 km. of ground zero.  This exerc ise  w a s  made possib3.e by the  

examination of large-scale  pre-  and post-shot a e r i a l  photographs. Under 

normal condit ions,  a e r i a l  photography provides a permanent pre- and post - 
shot  record of t h e  t e r r a i n  condit ions a t  a reasonable c c s t .  Because of 

t h e  experimental na ture  of t h i s  e f f o r t ,  t h e  coverage was l ir , l i ted t o  about 

40 square mi les .  

The object ive  of 'this niemorandum i s  t o  present  t h e  i n t e r p r e t a t i o n  

and ana lys i s  of t h e  aerial photographs acquired before (26 August 1969) 

and a f t e r  (25 September 19653) t h e  Rulison detonation.  After loca t ing  

a l l  of t h e  c lose - in  surface  physica l  changes, an attempt i s  made t o  r e l a t e  

these  t o  such f a c t o r s  as s o i l  and/or rock type, t h e  o r i en ta t ion  of t h e  

s lope  l o c a t i o n  with respect  t o  t h e  detonation s i t e ,  t h e  estimated l e v e l  

of t h e  input  ground motion, and severa l  o ther  c h a r a c t e r i s t i c s .  Surface 

changes outs ide  7 km of t h e  Rulison s i t e  a r e  not discussed i n  t h i s  mem- 

orandum. 



THE RULISON STUDY 

GENFXAL INFORMATION -- 

It is  not economically f e a s ib l e  t o  deploy recording instruxents t o  

document t h e  ground mot ions a t  a l a rge  number of po t en t i a l  s l i d e  zones i n  

unpopulated, i r r egu l a r  t e r m i n ,  such as characterized by most of the  i m -  

mediate a rea  surrounding t h e  Rulison s i t e .  Aerial  photograc'hy, however, 

provides a quick, economical and accurate technique f o r  determining t h e  

surface  changes associated with t h e  detonation.  These surface changes can 

be r e l a t ed  t o  c r i t i c a l  parameters such as dis tance  from detonation, topography 

and geology. Ground motion d a t a  i n  t he  v i c i n i t y  can be used t o  provide an 

approximation of t h e  ground motions which t h e  s l i d e  zones may have received.  

From such observations, more accurate predic t ions  can be made of po ten t ia l .  

s l i d e  zones f o r  f u tu r e  detonations.  

The primary coverage (both pre-shot and post-shot)  consisted of v e r t i -  

c a l ,  panchromatic photographs at a sca le  of 1 :6000. This imagery was  sup- 

plemented by low-al t i tude oblique photogra;3'i.,s. Also, a t h i r d  s e t  of v e r t i -  

c a l  imagery at a s ca l e  of 1:20,000 w a s  obtained from the  airphoto col lec-  

t i o n  of t h e  U. S. Department of Agriculture.  

The large-scale  (1:6000) coverage was  flown i n  twleve s t r i p s  i n  an 

east-west d i r ec t i on .  During t h e  d a t a  reduction stage,  each s t r i p  of pre- 

and post-shot photographs was viewed s tereoscopical ly  with two-power m a g -  

n i f i c a t i o n .  The examination s t a r t e d  with t h e  southern-most f l i g h t  l i n e ,  

and proceeded northward. The pre-shot imagery tras examined f i r s t ,  followed 

by t h e  post-shot imagery. Final ly ,  t he  pre-  and post-shot images were com- 

pared with t he  use of a stereoscope. 



For each apparent surface change detec ted  on the  photos, the  1.0- 

ca t ion  w a s  noted i n  t h r e e  d i f f e r e n t  forms: 

1. ' the  area was out l ined on the  imagery,: 

2 .  . a  no ta t ion  was ~ a d e  cf t h e  f i lm r o l l  nlxnber and f r m e  wlth a s k c r f  

desc r ip t ion  of t h e  cbservable surface chan,qes ; ard 

3 .  t h e  l o c a t i c n  was 91-otted on a  7-112 a i ~ l u t e  t o p o g r z ~ h i c  r;,:.zLrr,-.c?.~. 

This :,rocedure resu l t ed  i n  eccurate d.escr:i.r:tlor, 5:' -: L.,- e--' / . b e ~ t  2 l r -  

cat ion,  aid ty--e of surface  change. 

The changes observed i n  snrrLe areas  were sub t l e  ard required GiclS.tior,a; 

study. mese a reas  vere checked a t  l e a s t  t h r e e  tinies t o  e s t z b l i s h  the  Pinal  

i n t e r p r e t a t i o n .  For some areas ,  t h e  i n t e r p r e t a t i o n  was highly quest5ona-clc,, 

thus ,  t h e  change i n  t h e  a r e a  was not i d e n t i f i e d .  D i f f i c a l t i e s  i n  in terpre-  

t a t i o n  genera l ly  were r e l z t e d  t o  t h e  q u a l i t y  cf t h e  imagery. For example, 

t h e  major d i f f i c u l t y  i n  i n t e r p r e t i n g  t h e  changes i n  many ac t ive  or  poten- 

t i a l l y  a c t i v e  rock-s l ide  o r  land-s l ide  areas  i s  r e l a t e d  t o  the  l o s s  of 

imagery d e t a i l  due t o  t h e  high r e f l e c t i v i t y  of some of t h e  sandstcne-shale 

s lopes .  Addit ional  p r e - f l i g h t  plannir+% :,,:yhaps co,dd have eliminated sonic 

of t h i s  def ic iency i n  t h e  imagery. 

The b a s i c  assumption made i n  t h i s  analys is  cf ?re-shot and post-shct 

Ili?ap,ery i s  t h a t  t h e  r e l a t i v e  change of c lose- in  physical  e f f e c t s  observed 

i n  t h e  post-shot  photograph:; represents  a  change induced b:.. t h e  Ru-liscn 

detonzt  ion,  r a t h e r  than  by :;one other  phenomenon. The r e l a t i v e l y  s~a1.i 

time i n t e r v a l  (15  days) between each d a t a  acqu i s i t ion  and the  rietclnaticn 

probably v a l i d a t e s  t h i s  assin!7;,t ion.  

DESCRIPTIC'PJ CF CBSEP.VED .TF:ECTS - .- - -- ---- 

The f cllowing pa-aqran:i~s describe t h e  surrace zhanges r e ~  i . L t t r~ ;~  :Frcr; 

t h e  3;iison event as  deterclined by e;rminaticn ni' the  pre- an:; cost-shct  



a e r i a l  photographs . The locat ion numbers preceding each description cor- 

respond t o  those used on the  master locat ion map ( ~ i g u r e  2-5) Table 2-1, 

contains spec i f ic  data ,  sucln as distance and angle measurements, and the  

estimated values of ground lnoticn for  each locat ion.  It should be noted 

t h a t  t he  estimated peak reslfi tant  vector acceleration approximates or ex- 

ceeds 1.0 g f o r  a l l  s l i d e  areas ident i f ied.  However, small s l i de s  are 

knobin t o  have occurred a t  s i t e s  outside t h l s  zone of photo coverage where 

the  peak resu l tan t  vector acceleration was l e s s  than 1 .0  g ( see  report by 

John A .  Blume & Assoc. )*. It should a l so  be noted t h a t  the  s l i de  move- 

ments indicated i n  Figure 2-5 have a westerly d i rec t ion .  

The rock and s o i l  movements detected by the  photo analysis vary i n  

r e l a t i v e  degree. Although the  photo in te rpre ta t ion  ver i f ied  t h a t  no "mas- 

sive" landsl ides  or  rockslides occurred as  a r e su l t  of t he  Rulison event, . 

the  photo examination revealed t h a t  t h i r t e e n  r e l a t i ve ly  small rock and s o i l  

movements occurred w i i  h in  6 .4  kilometers of ground zero. A description 

of each movement fo l lovs .  

Location 1 - The l a rges t  rockfa l l  ocwrred a t  t h i s  locat ion.  Figures 

2-1 and 2-2 i l l u s t r a t e  the  appesance of the  area  before and a f t e r  the  event. 

This i s  an ac t ive  rock fa l l  area,  and the  ground motions from the  Rulison 

event dislodged a sec t ion  of weathered, unstable sandstone and shale. 

The rock f e l l  from an e s sen t i a l l y  v e r t i c a l  slope, oriented nearly perpen- 

d icu la r  t o  a r a d i a l  l i n e  from ground zero. This rockfa l l  and the  dust  it 

produced were v i s i b l e  from t h e  observation point .  

Locations 2, 3, 4, 5, 6 and 7 - Relatively small rockfal ls  were iden- ----- - -------.- 
t i f i e d  a t  each of these  loca t ions .  Several addit ional areas representing 

probable rockfal ls  were a l so  located, but these were not l i s t e d  because of 

*John A. Blume and Associates, Structural  Effects of the  Rulison Event; 

John A.  Blme Report, JAB-99-76, 1370. 
3 



Figure 2-1. Pre-Shot and Post-Shot Vertical Photographs 
of Location 1, Rulison Event. 

Figure 2-2. Pre-Shot and Post-Shot Oblique Photographs 
of Location 1, Rulison Event. 



uncer ta in t i es  i n  t h e  i n t e rp r e t a t i on .  These s i x  r ock fa l l  locat ions  vere 

grouped together ,  because t h e  rockfa l l s  all or ig inated i n  t h e  same sand- 

stone bed. This sandstone bed can be t raced  on t he  photographs along t he  

r idge at locat ions  5 and 6, and through t he  t h r ee  ravines a t  locat ion 2, 

loca t ions  3 and 4 and loca t ion  7 .  The weathered, unstable sandstone i s  

v i s i b l e  on t h e  photographs as a t h i n  band with very s teep slopes within 

t h e  interbedded sandstones arid shales  ( s ee  Figure 2-3). The in te r face  at 

t h e  bottoxr, of t h i s  sandstone stratum appears t o  be qu i te  wet, a f a c t o r  

vhich probably aided t h e  rocl r fa l l  process. This appears t o  be espec ia l ly  

t r u e  at loca t ion  2, where a r e l a t i v e l y  recent  s l i d e  has steepened t h e  slope.  

An equally i m ~ o r t a n t  f a c to r  which contributes t o  making t h i s  an ac t ive  rock- 

f a l l  a rea  i s  t h e  r e l a t i v e l y  inore rapid erosion of t he  exposed shale  which 

under l ies  t he  sandstone. Undercutting w a s  e spec ia l ly  apparent at locat ions  

5 and 6. 

Location 8 - Several s m a l  rockfa l l s  mw have occurred along t h e  ac t ive  -- 
sandstone r idges  near loca t ion  8. Uncertainties ex i s t ,  however, due t o  

overexposure of t h e  photographs along sore  of these  slopes.  The a r ea  in-  

d ica ted  as l oca t i on  8 was l i s t e d ,  nevertheless,  because of an unusual oc- 

currence. Three l a rge  blocks of sandstone a r e  located at t h e  northwestern 

end of one of t h e  r idges .  Two of these  blocks appear t o  have ro ta ted  sev- 

e r a l  degrees i n  a clockwise d i rec t ion .  The blocks r e s t  at t h e  very end of 

a r idge which i s  very nearly perpendicular t o  a r a d i a l  l i n e  from t h e  shot- 

po in t .  This o r i en t a t i on  seems t o  be s ign i f i can t ,  f o r  t h i s  r ock fa l l  i s  t he  

only one observed south of t he  shot-point .  Other causal  r e la t ionsh ips  in-  

volving t h e  ground motions and a combination of the  e levat ions  and jo in t  

pa t t e rn  f o r  loca t ions  1 through 9 may be important, but  a re  undetermined 

at t h i s  time. 



Figure 2-3. Pre-Shot and Pos 
of Location 3 ant 

tShot Vertical Photographs 
d 4, Rulison Event. 

Figure 2-4. Pre-Shot and Post 
of Location 10, R 

:-Shot Vertical Photographs 
lulison Event. 



Table 2-1. . 1,ccatiorl anii Ground blot i on Da.ta I'or Ct served ::l.:ri'a:-:c: 
PhysicaL Effects  

L o c a t i o n  
Number 

1 

2  

3  

4  

5  

I 
7  

8  

9 

1  Cia 

11  

12 

1 3  

"SM I : :  l . s t imated F'~ak P a r t  i c l c  '.lot I on t i x  t r a p o l a t e d  from rc?ort=ssion l i n t . 5 .  ohse r i .wl  

L 
Huli son data 

;< = i . e r t i c a 1  comyr>rir-tit: I? = rad :n l  climpci:1(.nt: 7 = . ~ r a n s , ~ e r s e  component;  ?' = l i i , s i l l tant  
\ rC+r l r  

D i s t a n c e  
H o r i z o n t a l  

(km) 

3 .35  

4.34 

4 .16  

4 . 2 3  

5.88 

5.78 

3 . 2 0  

4 . 9 6  

2 .04  

0 .37  

5 . 3 1  

6 .07  

S l a n t  

(km) 

4 . 3 0  

4.82 

4 . 6 7  

4 . 7 3  

6 . 2 7  

6.17 

3 .85  

5 . 6 1  

3 . 4 5  

0.64 

5 .89  

E l e v a t i o n  
L0C.tOG.Z. 
( m e t e r s )  

120 

-480 

-440 

-450 

-410 

-410 

-430 

5  0  

200 

-680 

- GO 

Azimuth 
from G . Z .  

( 0 )  

279 

283 

293 

2  94 

272 

273 

305 

239 

! 
0  

352 

o 1  

6 7 

(1.29 

D i f f e r e n c e  
LDC. t0W.P .  

( m e t e r s )  

2690 

2090 

2130 

2120 

2170 

2170 

2140 

2620 

2580 

1880 

2510 

2780 

" S ~ ) l l i :  >lope r n a t r r l a l  wet a l l ~ ~ i , ; u m ;  a l l  rjth-r 1 ~ ) c a t i  ons  sands tone / sandy  s h a l e .  

65 

-.L 

Ill (5.90 2840 

of 
a* 

( O )  

8 0  

59 

6 2  

7 3  

74 

4 

48  

68 

2  

I 
33 

67 

70  

O r i e n t a t i o n  
S l o p e  

Q m  
( O )  

5 1 . 6  

6 4 . 6  

6 3  

63 .4  

69 .7  

6 9 . 4 '  

5 6 . 2  

6 2 . 1  

36 .2  

7 3 . 6  

6 4 . 8  

6 5 . 4  

66 

SLOPEORIENTATION DIAGRAMS 

*SLOPE - R A D I A L  

L I N E  ANGLE 

SLIDE & \ 

I 
u7 

SLOPE 
I 
I 
b 

G. Z. 

* * S L O P E  - V E R T I C A L  
L I N E  ANGl E 

SLIDE LOCATION 

L H_Ogi_ON_TA!= 
DISTANCE ,*.& 1;. 

I @ 
1 +" 
TcD* ! !$ 
b ." 
I / 

8 
w ? 

K 5 . 6 ~ 1 0 - I  
T 4 .  1x10- I  
V 1 . 0 ~ 1 0 0  

7. 6 . 7 ~ 1 0 - 1  
R 5  1x1~1-1 
T 3 8x10-1 
v 9 . 3 ~ 1 0 - 1  

- 
E s t i m a t e d  

A c c e l e r a t i o n V e l o c i t y  
( 9 )  

- 
Z 1 . 7 ~ 1 0 ~  
R 1 3x100 
T 9 . 1 x 1 0 - '  
V 2 . 5 ~ 1 0 ~  
Z 1 . 4 x 1 0 °  
R 1 . 0 ~ 1 0 ~  
T 7 . 5 ~ 1 0 - I  
V 2 . 0 ~ 1 0 ~  
Z  1 . 5 ~ 1 0 0  
R 1 .  1x100 
T 7 . 8 ~ 1 0 - I  
V 2 . 1 ~ 1 0 0  

R 1 . 1 ~ 1 0 ~  
T 7 . 8 ~ 1 0 - 1  
V 2 .1xlO()  

Z 1 .  5x10° 

Z 7 . 9 ~ 1 0 - 1  
R 6 . 1 ~ 1 0 - I  
T 4 . 5 ~ 1 0 - 1  I .. . - .^n v I. LXLU"  

Z 8 . 4 ~ 1 0 - I  
R 6 . 4 ~ 1 0 - 1  
T 4 . 7 ~ 1 0 - 1  
V l . 2 x 1 o 0  

Z 2 . 2 ~ 1 0 0  
R 1  6x100 
T 1 .  1x100 
V 3  2 x 1 0 ~  
Z 1 0x100 
R 7 . 8 ~ 1 0 - 1  
T 5 .  6 x 1 0 . ~  
V 1  5x10° 

Z  2 . 7 ~ 1 0 0  
R 2 . 0 ~ 1 0 ~  
T 1 . 4 ~ 1 0 ~  
V 4 . 0 ~ 1 0 0  
Z 7 . 5 ~ 1 0 . ~  
R 5 . 7 ~ 1 0 - 1  
T 4 . 2 ~ 1 0 . ~  
\' 1 . 0 ~ 1 0 ~ )  

Z O 2x10-1 
R 7 1x10-1 
T 5 .  1x10-1 
? ' ? . 3 x 1 0 ~  

/ 7 . 3 ~ 1 0 - 1  

6 5 . 8  

1 . 4 ~ 1 0 ~  
1 .  1x101 
2 .  1x101 

1  4 x 1 0 ~  
1  3 ~ 1 0 1  
1  0x101 
1  0x101 

- . 

peak p a r t i c l e  

(cm/sec)  

3 . 7 ~ 1 0 ~  
3  3 x 1 0 ~  
2  5 x 1 0 ~  
4  8x101 
3 . 0 ~ 1 0 1  
2 . 6 ~ 1 0 1  
2 . 1 ~ 1 0 ~  
3.8x101 
3 . 1 ~ 1 0 1  
2 . 7 ~ 1 0 1  
2 . 1 ~ 1 0 ~  
3.9x101 

2 . 7 ~ 1 0 ~  
2 . 1 ~ 1 0 ~  
3 . 9 ~ 1 0 1  

3 . 1 ~ 1 0 1  

1 . 8 ~ 1 0 1  
1 . 6 ~ 1 0 ~  
1 .2x101  
2 .3x i0 :  

1 . 8 ~ 1 0 1  
1 . 6 ~ 1 0 1  
1 . 3 ~ 1 0 1  
2 . 3 ~ 1 0 1  

4 . 6 ~ 1 0 1  
4 . 0 ~ 1 0 1  
3 .  1 x 1 0 ~  
5  8x101 
2 . 2 ~ 1 0 1  
2 . 0 ~ 1 0 1  
1 .  6x101 
2 . 8 ~ 1 0 ~  

5 8x101 
5 . 0 ~ 1 0 1  
3  8x101 
7 . 2 ~ 1 0 1  
1 . 6 ~ 1 0 '  
1 .  5 x 1 0 ~  
1 .2x101  
2 .  1 x 1 0 ~  

2 . 0 ~ 1 0 1  
1 . 8 ~ 1 0 1  
1 . 4 ~ 1 0 1  
2 !5x1q1 

1 .  6x101 
4  2uIC : 
3 3 ~ 1 0 - ~  
6 6 x 1 ( 1 - ~  

4  2x10-1  
3  ~ ~ 1 0 - 1  
3 1.:10-1 
h . 2 ~ i n - 1  

--- -- 

-. 

bIo t ionb ,  

Displacement  
(cm) 

9 . 2 ~ 1 0 - l  
8  6x10-1 
6  6x10-I  
1 4x100 
7 . 8 ~ 1 0 - 1  
7 . 2 ~ 1 0 . ~  
5 . 5 ~ 1 0 - I  
1 2x10° 
8 . 0 ~ 1 0 - 1  
7 . 5 ~ 1 0 - 1  
5 . 6 ~ 1 0 - 1  
1 . 2 ~ 1 0 0  

7 . 5 ~ 1 0 - l  
5 . 6 ~ 1 0 - 1  
1 . 2 ~ 1 0 ~  

8 . 0 ~ 1 0 - 1  

4 . 9 ~ 1 0 - 1  
4 . 5 ~ 1 0 - I  
3 . 5 ~ 1 0 - 1  
7 . 2 x i 0 - 1  

5 . 1 ~ 1 0 - 1  
4 . 7 ~ 1 0 - 1  
3 . 7 ~ 1 0 - 1  
7 .  5x10-1 

1 . 1 ~ 1 0 0  
1  0x100 
7 .  7x10-1 
1 . 7 ~ 1 0 0  
6  0x10-1  
5 . 6 ~ 1 0 - 1  
4 3 ~ 1 0 . 1  
8  8x10-1 

1  3x10(3 
1  2x100 
9 . 2 ~ 1 0 - 1  
2 . 0 ~ 1 0 0  
4 . 6 ~ 1 0 . '  
4 .  3x10-1 
3 . 4 ~ 1 0 - 1  
6 . 8 ~ 1 0 - 1  

5 . 5 ~ 1 0 - 1  
5 . 2 ~ 1 0 - 1  
3 . 9 x 1 0 -  
[>.2xl!.> 1 

4  T;--.l{' ' 





Location 9 - Several small rockfa l l s  apparently occurred along t he  
---- 

r idge near loca t ion  a .  A t  the  a rea  indicated on Figure 2-5, one obvious 

rock fa l l  i s  evident.  The very s teep slope and t he  weathered condition of 

t he  sandstone r idge vere t he  primary fac tors  contributing t o  t he  occur- 

rence of t h i s  r ock fa l l .  The e levat ion and or ienta t ion of the  jo in t  pa t te rn  

may a l s o  have had an influence.  

Location - 10 - A t  loca t ion  10, a subs tan t ia l  s l i d e  occ1=red i n  t he  

Holmes Mesa a rea  between t h e  Lemon Ranch (Holmes ~ e s a )  and Eames Orchard 

( ~ o r r i s a n i a  ~ e s a )  recording s t a t i ons  ( ~ i g u r e  2-5). Although t h e  general 

appearance of t h e  a rea  indicates  good surface and v e r t i c a l  drainage, t h e  

photographs show severa l  seepage bands i n  many of t h e  gu l l i e s .  The land- 

s l i d e  at loca t ion  10 appears t o  have been influenced by one of t he  observed 

sa tu ra ted  layers  ( see  Figure 2-4). The pressure of such sa turated zones 

can cause landsl ides ,  even i n  areas which appear t o  be s tab le .  

Locations 11, 12, and 13 - These locat ions  are  grouped together,  be- - -- - 
cause t h e  changes a re  simi1.w. A t  these  locations,  rocks have f a l l e n  onto 

vhat appears t o  be an infrequently used :eey? t ra i l .  The rock movements a r e  

not s ign i f ican t  i n  terms of s i z e ;  however, t h e  rocks a re  l a rge  enough t o  

block easy passage by a vehic le .  

The loca t ion  of t h e  R ~ ~ l i s o n  event i s  shown i n  an oblique a e r i a l  

photograph i n  Figure 2-6. 

CONCLUSIONS AND RECOMMENDAT'IONS - ---. 
Photo in te rpre ta t ion  provides an economical means t o  acquire d a t a  which 

can be u t i l i z e d  t o  iden t i fy  po t en t i a l  hmdsl ide  and rock fa l l  areas  before 

a detonation and t o  document t h e  occurrence of actual  physical e f f e c t s  as  

a consequence of t h e  detonation. Aerial  photography permits an a rea  of 

i n t e r e s t  t o  be studied rapidly  and economically, without encountering t he  

d i f f i c u l t i e s  experienced i n  normal f i e l d  operations i n  rugged t e r r a i n .  
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Figure 2-6. Oblique Aerial Photo of Rul ison Event Vic in i ty  (including Location No. 1 Slide Area). 



The bas ic  conclusions r e su l t i ng  from t h e  study of pre-shot and post- 

shot photos of t h e  a r ea  insi.de 7 km about ground zero a r e  as follows: 

1. . No major rockfa l l s  occurred wi thin  7 krri of ground zero as a con- 
sequence of t h e  RUlison detonations.  

2 .  A number of relat iv.ely small r ock fa l l s  and landsl ides  were observed 
a t  various loca t ions  and appear t o  be r e l a t ed  primari ly t o  f a c to r s  
such as: ( a )  t h e  slope condition, ( b )  t he  degree of sa tu ra t ion  
of interbedded layers ,  ( c )  t h e  o r ien ta t ion  of t h e  locat ion with 
respect  t o  the  detonation s i t e ,  and ( d )  t h e  l e v e l  of t he  input 
ground motion. The estimated peak r e su l t an t  vector  accelera t ions  
approximated o r  exceeded one g a t  a l l  but loca t ion  13, and even 
at t h i s  locat ion,  t h e  estimated accelera t ion was 0.93 g .  Because 
no ground motion records vere  avai lable  i n  these  areas ,  no fu r t he r  
de t a i l ed  ana lys i s  was made t o  cor re la te  rock fal ls  with s pec i f i c  
types of ground motion (frequencies,  duration,  e t c . ) .  

3. The slopes i n  t h e  immediate areas  of ground zero were unaffected.  
Even t h e  man-made slopes adjacent t o  t h e  d r i l l i n g  pad f o r  the  em- 
placement hole d id  not f a i l ,  i n  s p i t e  of subs tan t ia l  v e r t i c a l  
ground mot ion a t  ground zero. 

4. No observable slope f a i l u r e s  occurred i n  t h e  b a s d t  landsl ide  
debr i s  located south of ground zero. 

T h i s  i s  somewhat surpr is ing,  f o r  much of t h i s  mater ia l  has s teep 
slopes,  a high moisture content, and a h i s to ry  of pas t  movement. 
Slope o r ien ta t ion  a l s o  appears t o  have been of l i t t l e  s ignif icance,  
s ince  t h e  a rea  contains slopes of nearly every o r ien ta t ion  with 
respect  t o  ground zero. The key f a c t o r  seems t o  be the  f a c t  t h a t  
t he  s l a n t  d i s tance  'to the  ba sa l t  debr i s  was su f f i c i en t l y  g rea t  t o  
cause a ground motion l e v e l  which could be to le ra ted  without s l i d ing .  

5 .  Most of t h e  observed s l i d e s  occurred i n  t h e  interbedded sandstone- 
sha le  mate r ia l  which forms t he  r a the r  s teep r idges  south of t h e  
Colorado River. !The mater ia l  of these  r idges ,  although f a i r l y  com- 
pe ten t ,  w a s  highly :fractured and weathered at t h e  surface.  Under- 
ly ing  moist shale  seams add t o  t h e  i n s t a b i l i t y  of t he  overlying 
sandstone. These f ac to r s ,  coupled with t he  r e l a t i ve ly  l a rge  input 
ground motions, l e d  t o  landsl ides  ( r e f e r  t o  estimated ground motions 
f o r  loca t ions  2 through 7 i n  Table 2-1) .  

6 .  Unfortunately , t h e  ]?re- and post  - shot ,  large-scale  photography did  
not extend beyond 7 km from ground zero. This study did  not ,  there-  
f o r e ,  provide any information concerning physical  e f f ec t s  beyond 7 
b L  . 

7 .  By extending t h e  a e r i a l  coverage and using t he  photography at an 
e a r l i e r  pre-shot stage,  some form of map could be prepared out- 
l i n i n g  areas of poss ible  surface physical  e f f e c t s .  



The Rulison exercise  provides valuable information concerning the  

s t a b i l i t y  of slopes near ground zero  f c r  t h a t  pa r t i cu l a r  event. This in- 

fornlaticn could be qu i te  useful  f o r  further t e s t s  at a nearby loca t ion  or 

at any loca t ion  with s i m i l a r  geologic conditions. This could, eventually,  

lead t o  t he  preparat ion of qu i t e  de ta i i ed ,  accurate landsl ide ,  or  rockfa l l ,  

po t en t i a l  maps f o r  inclus ion i n  predic t ion repor t s .  

For f u tu r e  events, considerat ion should be given t o  obtaining pre- 

and post-shot  a e r i a l  photographs f o r  recording and studying physical  ef- 

f e c t s .  Advantage can a l s o  be taken of ex i s t ing  a e r i a l  photography i n  most 

p a r t s  of t h e  United S ta tes  ( e . g . ,  U.  S. Dept. of Agriculture,  U.S.G.S., 

U .S .A.F . ) ,  although t he  sca:Le i s  usually smaller than was  used i n  t h e  pre- 

sent  study. 
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