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ABSTRACT

Aerial photography provides a quick, economical and accurate technigue
for determining the surface changes caused by an underground ruclear dei -
cnation. Pre-shot and post-shot aerial photography was cbhbtained for the
Rulison detonation. These photégraphs were viewed stereoscerically in
order to assess the surface changes associated with the Rulison detonaticn.
The photo interpretation verified that no massive land slides cr rock
slices occurred as a result of the Rulison event. However, the intervre-
tation revealed that 13 relatively small rock and scll movements occurred

within 7 kilometers of Ground Zerc. This study did not previde any infor-

mation concerning physical effects beyond 7 kilometers.




PHOTO INTERPRETATION OF CLOSE-IN
PHYSICAL EFFECTS OF AN UNDERGROUND NUCLEAR EXPLOSION

INTRODU CTION

Forﬂeach Plowshare experiment, examinations and recommendations are
nade for‘all slopes which might affect man-made structures if failure cof
the slope material occurs as a result of the experiment. As nart cf the
Rulison experiment,‘however, the additional ocppertunity was vresented to
study the pre-~ and post-event condition of nearly every slone within an-
proximately 7 km. of ground zero. This exercise was made vossible by the
examination of large-scale pre- and post-shot aerial photeographs. Under
normal conditions, aerial vhotography provides a permanent pre- and post-
shot record of the terrain conditions at a reasonable ceost. Because of
the experimental nature of this effort, the coverage was limited to about
40 square miles.

The objective of this memorandum is to present the interpretation
and analysis of the aerial photographs acquired before (26 August 1969)
and after (25 September 1969) the Rulison detonation. After locating
all of the close-in surface physical changes, an attempt is made to relate
these to such factors as soil and/or rock type, the orientation of the
slope location with respect to the detonation site, the estimated level
of the input ground motion, and several other characteristics. Surface
changes outside 7 km of the Rulison site are not discussed in this mem-

orandum.



THE RULISON STUDY

GENERAL INFORMATION

It is not economically feasible to deploy recording instruments to
document the ground motions at a large number of potential slide zones in
unpopulated, irregular terrain, such as characterized by most of the im-
mediate area surrounding the Rulison site. Aerial photography, however,
provides a quick, economical and accurate technique for determining the
surface changes associated with the detonation. These surface changes can
be related to critical parameters such as distance from detonation, topography
and geology. Ground motion data in the vicinity can be used to provide an
approximation of the ground motions which the slide zones may have received.
From such observations, more éccurate predictions can be made of potential
slide zones for future detonations.

The primary coverage (both pre-shot and post-shot) consisted of verti-
cal, panchromatic photographs at a scale of 1:6000. This imagery was sup-
plemented by low-altitude oblique photographs. Also, a third set of verti-
cal imagery at a scale of 1:20,000 was obtained from the airphoto collec-
tion of the U. 8. Department of Agriculture.

The large-scale (1:6000) coverage was flown in twleve strips in an
east-west direction. During the data reduction stage, each strip of pre-
and post-shot photographs was viewed stereoscopically with two-power mag-
nification. The examination started with the southern-most flight line,
and proceeded northward. The pre-shot imagery was examined first, followed
by the post-shot imagery. Finally, the pre- and post-shot images were com-

pared with the use of a stereoscope.



For each apparent surface change detected on the photos, the lo-
cation was noted in three different forms:

1. ‘the area was outlined on the imagery;

2. - a notation was made ¢f the film roll number and frame with a shext

description of the observable surface changes: and

3. *the locaticn was plotted on a 7—1/2 minute tovograrhic aradran~lic.

This »rocedure resulted in an accurate descrintion of “Le extent, lo-
cation, and type of surface change.

The changes cobserved in some areas were subtle and required additionsl
study. These areas were checked at least three tines to establish the Final
interpretation. For some areas, the interpretation was highly questionable,
thus, the change in the area was not identified. Difficulties in interpre-
tation generally were related to the quality of the imagery. TFor example,
the major difficulty in interpreting the changes in many active or poten-
tially active rock-slide or land-slide areas is related to the loss of
imagery detail due to the high reflectivity of some of the sandstcne-shale
slopes. Additional pre-flight planning rorhaps could have eliminated some
of this deficiency in the imagery.

The basic assumption made in this analysis of pre-shot and post-shot
imagery is that the relative change of close-in physical effects observed
in the post-shot photographs represents a change induced by the Ruliscn
detonation, rather than by some cther phenomenon. The relatively small
time interval (15 days) between each data acgquisition and the detcnaticn
probably validates this assumption.

DESCRIPTICH CF CBGERVED FFFECTS

The fcllowing paragranphs describe the surface changes resuitins Tron

the Rulison event as determined by examirnaticn of the pre- and nost-shet
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aerial photographs. The location numbers preceding each description cor-
respond to those used on the master location map (Figure 2-5) Table 2-1,
contains specific data, such as distance and angle measurements, and the
estimated values of ground moticn for each location. It should be noted
that the estimated peak resultant vector acceleration apnroximates or ex-
ceeds 1.0 g for all slide areas identified. However, small slides are
known to have occurred at sites outside this zone of photo coverage where
the peak resultant vector acceleration was less than 1.0 g (see repcrt by
John A. Blume & Assoc.)*. Tt should also be noted that the slide move-
ments indicated in Figure 2-5 have a westerly direction.

The rock and soil movements detected by the photo analysis vary in
relative degree. Although the photo interpretation verified that no 'mas-
sive" landslides or rockslides occurred &s a result of the Rulison event,
the photo examination revealed that thirteen relatively small rock and soil
movements occurred within 6.4 kilometers of ground zero. A description
of each movement follows.

Location 1 -~ The largest rockfall occurred at this location. Figures
2-1 and 2-2 illustrate the appearance of the area before and after the event.
This is an active rockfall area, and the ground moctions from the Rulison
evenf dislodged a section of weathered, unstable sandstone and shale.

The rock fell from an essentially vertical slope, oriented nearly perpen-
dicular to a radial line from ground zero. This rockfall and the dust it
produced were visible from the observation point.

Locations 2, 3, 4, 5, 6 and 7 - Relatively small rockfalls were iden-

tified at each of these locations. Several additional areas representing

probable rockfalls were also located, but these were not listed because of

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

John A. Blume Report, JAB-99-76, 1970.
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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.
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uncertainties in the interpretation. These six rockfall locations were
grouped together, because the rockfalls all originated in the same sand-
stone bedf This sandstone bed can be traced on the photographs along the
ridge at locations 5 and 6, and through the three ravines at location 2,
locations 3 and 4 and location 7. The weathered, unstaeble sandstone is
visible on the photographs as a thin band with very steep slopes within

the interbedded sandstones and shales (see Figure 2-3). The interface at
the bottom of this sandstone stratum appears to be quite wet, a factor
which probably aided the rockfall process. This appears to be especially
true at location 2, where a relatively recent slide has steepened the slope.
An equally important factor which contributes to making this an active rock-
fall area is the relatively more rapid erosion of the exposed shale which
underlies the sandstone. Undercutting was especially apparent at locations
5 and 6.

Egg§§}9§~§ - Several small rockfalls may have occurred along the active
sandstone ridges near location 8. Uncertainties exist, however, due to
overexposure of the photographs along some of these slopes. The area in-
dicated as location 8 was listed, nevertheless, because of an unusual oc-
currence. Three large blocks of sandstone are located at the northwestern
end of one of the ridges. Two of these blocks appear to have rotated sev-
eral degrees in a clockwise direction. The blocks rest at the very end of
a ridge which is very nearly perpendicular to a radial line from the shot-
point. This orientation seems to be significant, for this rockfall is the
only cone cbserved south of the shot-point. Other causal relationships in-
volving the ground motions and a combination of the elevations and joint
pattern for locations 1 through © may be important, but are undetermined

at this tine.




Figure 2-3. Pre-Shot and Post-Shot Vertical Photographs
of Location 3 and 4, Rulison Event.

Figure 2-4. Pre-Shot and Post-Shot Vertical Photographs
of Location 10, Rulison Event.
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Table 2-1. ILocation and Ground Motion Data Por Cuserved Surfsne
N Physical Effects

Location Distance Elevation Difference Azimuth Orientation Estimated Peak Particle Motionb SLOPE ORIENTATION DIAGRAMS
Number |Horizontal|Slant [Loc.toG.Z.,| Loc. toW.P.| from G.Z.| of Slope Acceleration|Velocity|Displacement
(km) (km) |(meters) (meters) (o) ao¥ [ id (g) (cm/sec) (cm)
(®) (°)
1 3.35 4.30 120 2690 279 80 51.6] z 1.7%x10° |3.7x101| 9. 2x10-1
R 1 3x100_ |3 3x10l| 8.6x10-1
T 9.1x10°) |2 5x101 | 6. 6x10-1
v 2.5x100 | 4.8x101| 1.4x100 : .
2 4.34 4,82 -480 2090 283 59 64.6| z 1.4x109 |3 ox101 7.8x10-!
R 1.0x10 2.6x101| 7.2x10-1 *SLOPE — RADIAL
T 7.5x10-1 |2.1x101| 5. 5x10-1 LINE ANGLE
v 2.0x109 |3.8x10}| 1.2x10°
3 4,10 4,67 | -440 2130 293 62 63 z 1.5x10°9 |3.1x10l| 8. 0x10-1 SLIBE
R 1.1x100 [2.7x10l| 7 s5x10-1
T 7.8x10-1 |2.1x10l| 5. 6x10-1
v 2.1x100 | 3.9x101| 1.2x100
4 4.23 4.73| -450 2120 294 73 63.4( z 1.5x100 [3.1x101| 8.0x10-1
R 1.1x100 |2.7x10l| 7.s5x10-1
T 7.8x10-1 | 2. 1x10l! 5. 6x10-1
v 2.1x109  |3.9x101| 1.2x100 .
5 5.88 6.27 | -410 2170 272 74 69.7 | z 7.9x10-1 |1.8x101| 4.9x10-1 I
R 6.1x10-1 {1.6x101| 4, 5x10-1 SLOPE
T 4.5x10-1 [1.2x101| 3.sx10-1
V 1.1x100 |2 3x101 7.2x10-1 |
6 5.78 6.17 | -410 2170 273 4 69.4] z 8.4x10-1 | 1.8x101 5.1x10-1
R 6.4x10-1 |1.6x101| 4.7x10-1
T 4.7x10-1 {1.3x101| 3.7x10-1 a.
v 1.2x10° |2.3x10l] 7.5sx10-1
7 3.20 3.85 -430 2140 305 48 56.21 7z 2.2x100 |4, 6x10! 1.1x100
R 1 6x100 |4.0x101| 1.0x100 exe
T 1.1x100 {3.1x10}| 7. 7x10-1 SLOPE — VERTICAL
v 3 2x100 |5 .8x101| 1.7x100 LINE ANGLE
8 4,96 5.61 50 2620 239 68 62.1 zZ 1 0ox100 2.2x101 6 0Ox10-1 SLIDE LOCATION
R 7.8x10-1 |2 ox10}l| 5.6x10-1
T 5.6x10-1 | 1.6x101| 4 3x10-1 Leﬂomﬂmrm
v 1.5%x100 |2.8x10l| 8. 8x10-1
9 2.04 3.45 200 2780 o] 2 36.2| z 2.7x100 |5 8x10l 1.3x109
R 2.0x100 |5, 0x101 1.2x100
T 1.4x109 |3 .8x10l| 9. 2x10-1
v 4.0x100 1 7.2x101| 2. 0x100 | /3
107 6.37 6.64 | -0HO 1880 352 33 73.6| z 7.5%x10°1 | 1.6x10!| 4. 6x1071! .[é?
R 5.7x10°1 |1.5x101 | 4. 3x10-1 PO
T 4.2x10-1 | 1.2x101 | 3.4x10] T s
v 1.0x10° |2.1x101| &, 8x10-1 |JQ{¢§
11 5.33 5.89| - @O 2510 61 67 64.8| z 9.2x10-1 | 2. 0x101} 5. s5x10-!
R 7.1x10-1 | 1.8x101 5.2x10-1 /
T 5.1x10-1 [ 1.4x10l| 3. ox107! ¥
v 1.3x100 |2 sx1ol g.2x10 1 WP
12 &.07 6.68 200 2780 67 70 65.4| ~ 7.3x10-1 | 1.6x101 4. 5x10
R 5. 6%x10°1 [1.4x101| 4. 2vin-:
T 4.1x10-1 | 1.1x101| 3 3x10-!
v 1.0x100 | 2.1x10!] 6. 6x10-1
13 .29 6.90 260 2840 65 66 65.81 z 6.7x10-1 | 1 4x10l| 4 2x10-1
R 5 I1x10°1 | 1.3x101| 3. 0x10-1
T 3 8x10°1 |1 ox10l| 3. 1v10-1
v 9.3%x10°1 [ 1. ox10l| o.2x107]
ANOTLE Slope material wet alluvium; all other lucations sandstone/sandy shale.
hNOTE: tstimated Peak Particle Motion extrapolated from regression lines, observed
Rulison data.
7 = vertical compnnent: R = radial component; T = {ransverse component; V = Resultant

vector .
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Location 9 - Several small rockfalls apparently occurred along the
ridge near location 9. At the area indicated on Figure 2-5, one obvious
rockfallﬂis evident. The very steep slope and the weathered condition of
the sandstone ridge were the primary factors contributing to the occur-
rence of this rockfall. The elevation and orientation of the Joint pattern
may also have had an influence.

Location 10 - At location 10, a substantial slide occurred in the
Holmes Mesa area between the Lemon Ranch (Holmes Mesa) and Eames Orchard
(Morrisania Mesa) recording stations (Figure 2-5). Although the general
appearance of the area indicates good surface and vertical drainage, the
photographs show several seepage bands in many of the gullies. The land-
slide at location 10 appears to have been influenced by cne of the observed
saturated layers (see Figure é—h). The pressure of such saturated zones
can cause landslides, even in areas which appear to be stable.

Locations 11, 12, and 13 - These locations are grouped together, be-

cause the changes are similar. At these locations, rocks have fallen onto
what appears to be an infreguently used jeep trail. The rock movements are
not significant in terms of size; however, the rocks are large enough to
block easy passage by a vehicle.

The location of the Rulison event is shown in an obligue aerial
photograph in Figure 2-6.

CONCLUSIONS AND RECOMMENDATTIONS

Photo interpretation provides an econcmical means to acquire data which
can be utilized to identify potential landslide and rockfall areas before
a detonation and to document the occurrence of actual physical effects as
a consequence of the detonation. Aerial photography permits an area of
interest to be studied rapidly and economically, without encountering the

difficulties experienced in normal field operations in rugged terrain.

9
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Figure 2-6. Oblique Aerial Photo of Rulison Event Vicinity (including Location No. 1 Slide Area).




The basic conclusions resulting from the study of pre-shot and post-

shot photos of the area inside 7 km about ground zero are as follows:

1.

.No major rockfalls occurred within 7 km of ground zero as a con-

sequence of the Rulison detonstions.

. A number of relatively small rockfalls and landslides were cbserved

at various locations and appear to be related primarily to factors
such as: (a) the slope condition, (b) the degree of saturation

of interbedded layers, (c) the orientation of the location with
respect to the detonation site, and (d) the level of the input
ground motion. The estimated peak resultant vector accelerations
approximated or exceeded one g at all but location 13, and even

at this location, the estimated acceleration was 0.93 g. Because
ne ground motion records were available in these areas, no further
detailed analysis was made to correlate rock falls with specific
types of ground motion (frequencies, duration, etc.).

The slopes in the immediate areas of ground zero were unaffected.
Even the man-made slopes adjacent to the drilling pad for the em-
placement hole did not feil, in spite of substantial vertical
ground motion at ground zero.

No observable slope failures occurred in the basalt landslide
debris located south of ground zero.

This is somevhat surprising, for much of this material has steep
slopes, a high moisture content, and a history of past movement.
Slope crientation also appears to have been of little significance,
since the area contains slopes of nearly every orientation with
respect to ground zero. The key factor seems to be the fact that
the slant distance to the basalt debris was sufficiently great to
cause a ground motion level which could be tolerated without sliding.

Most of the observed slides occurred in the interbedded sandstone-
shale material which forms the rather steep ridges south of the
Colorado River. The material of these ridges, although fairly com-
petent, was highly fractured and weathered at the surface. Under-
lying moist shale seams add to the instability of the overlying
sandstone. These factors, coupled with the relatively large input
ground motions, led to landslides (refer to estimated ground motions
for locations 2 through 7 in Table 2-1).

Unfortunately, the pre- and post-shot, large-scale photography did
not extend beyond 7 km from ground zero. This study did not, there-
fore, provide any information concerning physical effects beyond 7
km.

By extending the aerial coverage and using the photography at an

earlier pre-shot stage, some form of map could be prepared out-
lining areas of possible surface physical effects.

11




The Rulison exercise provides valusble information concerning the
stability of slopes near ground zero for that particular event. This in-
formaticn could be quite useful for further tests at a nearby location or
at any location with similar geologic conditions. This could, eventually,
lead to the preparation of quite detailed, accurate landslide, or rockfall,
potential maps for inclusion in predicticn reports.

For future events, consideration should be given to obtaining pre-
and post-shot aerial photographs for recording and studying physical ef-
fects. Advantage can also be taken of existing aerial photography in most
parts of the United States (e.g., U. S. Dept. of Agriculture, U.S.G.S.,
U.S5.A.F.), although the scale is usually smaller than was used in the pre-

sent study.

12
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of any
information, apparatus, method, or process disclosed in this report may not infringe privately
owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report. '

As used in the above, “persons acting on behalf of the Commission” includes any employee
or contractor of the Commission, or employee of such contractor, to the extent that such employee
or contractor of the Commission, or employee of such contractor prepares, disseminates, or provides
access to, any information pursuant to his employment or contract with the Commission, or his
employment with such contractor.
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