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PREFACE

The driving force behind this investigation has been the pertinence of this
unique example of seismic masking to the one aspect of the broad problem of
seismic evasion which has yet to be examined experimentally, namely the
question of hiding a nuclear explosion in an earthquake. When one realizes
the extent of the masking in terms of its widespread nature and timing,
\ particularly the closeness of the near coincidence and the total embedding
of the explosion waveforms in the teleseism, as well as the quantity of the
comparison data available, the desire to proceed further with the study
becomes all the more compelling.
The investigation has been guided by the fundamental decision to present the
data in a form as complete as possible. The reasons for documenting the data
in their entirety are threefold: 1) the extremely low probability of another
| accidental incident with as widespread a pattern of near-coincident arrivals
L for the competing signals ever happening again, 2) the extraordinary diffi-
culty of executing a similar experiment in a planned manner, and 3) the need
L to give a realistic picture of both the quantity and quality of the data
available.

The prospect of acquiring another data set like this one with such an exten-
sive near-coincidence would be rare: Of the more than 300 U. S. underground
nuclear explosions which have been detonated since the resumption of testing
in 1961, this is the only case known in which severe earthquake interference
at a large number of stations has been recorded. When the shortness of the

? time difference (attaining a minimum of 12 seconds at the point of nearest
coincidence) between the arrivals for the teleseism and those from the under-
- ground nuclear explosion is taken into account the probability of a repeat

performance, planned or unintentional, with timing even nearly as close, let
alone equal or better, woula indeed be remote.

} / In a report of this type one could always cite only the most striking ex-

| amples to illustrate the effects. However, such an approach might easily
give the reader the impression that the omitted data are of the same quality.
Furthermore, redundancy is not a critical problem. The spacing of the in-
struments with respect to range and azimuth from the explosion epicenter has
no points of particular concentration. The types of instruments are also
sufficiently varied as to require samples of each of their responses, even

| for those sites with multiple seismographs.

have recognized the natural division in the documentation of any experiment
by reporting the data separately from their analysis. The contents of the
present compilation have been extended considerably beyond those normally
associated with a typical data report by including the interpretation of the
seismograms as well as the preliminary analysis involved in the selection of
the comparison events, the last step being required by the accidental nature
of the incident. The perspective and implications of the present data with
respect to seismic evasion and the theory of masking have been placed in a

The pressures of expediancy have forced only one temporary concession: |
separate document which is to appear later.




Since this study was conducted under University auspices it has remained
unclassified, ¢ven though nuclear seismology, like all topics connected with
nuclear test activities, is weighed down by a huge, unpublished literature,
partly restricted in accessibility. | have avoided reference to any material
which has not been published in either book form or commercially available
journals. In a few cases where important data are not accessible elsewhere,
| have cited the pertinent unpublished reports which have open distributions.

| am indebted to many of my colleagues for their helpful remarks and ideas,
and in particular to Dr. Jack Evernden for his comments on the presentation

of the seismograms and to Mr. Fred Raab for his critical suggestions regarding
the text and questions of style.

The assistance received in the technica! production of this manuscript is also
to be acknowledged. The text and captions for the seismograms were typed by
Mrs. Janet Jenswold., Certain tables ard listings were prepared by MNrs. Mayme
Matsumoto. The report was printed by Zandonella Automated Printing.

| am grateful for the financial assistance which made this study possible and
especially the printing of thls report without which the data could appear
only in a much more abbreviated form. This research was supported by the
Advanced Research Projects Agency undcr Air Force Grant No. AFOSR-73-2522
monitored by the U. S. Air Force Office of Scientific Research and by a grant
from the Council of Academic Deans of Northern I1linois University.

L.D.P.




SUMMARY

This study examines the accidental interference of a teleseism from an earthquake
with the seismic signals from an underground nuclear explosion by presenting a
compilation of seismograms from thirty-two near-regional stations associated with
the explosion. On 14 August 1969 the United States, without any prior knowledge

of the earthquake, detonated an explosion at the Nevada Test Site almost simul-
taneously with the passage of the teleseism over the western United States. The
timing of the earthquake and the explosi n produced an unusuai pattern of arrivals
at all principal stations surrounding the explosion. Even though the explosion

was detona:ed 12 seconds before the passage of the teleseism over its epicenter a
review of the station records shows that the teleseism always preceded the explosion
waveforms. At the point of closest near-coincidence the separation between the
arrivals reached a minimum of 12 seconds, with the explosion waveform still embedded
completely in the teleseism. This set of records, which so far is unique in the
history of seismology, provides an unusual opportunity to examine the question of
hiding a nuclear explosion in an earthquake by supplying data about the one problem
of seismic evasion which has not yet been examined with the aid of a planned
experiment.

The nuclear explosion had a yield of approximately 3 kt (determined seismically)
and a depth of burial of 784 feet in alluvium. The interfering earthquake was a
principal after shock of a major earthquake sequence in the Kurile islands, with

a magnitude of 6.2, a depth of 46 km, and an unusually large worldwide station
registration of 40O observations. An analysis of the data for the distance range
144-975 km shows that the seismic waveform characteristic of this explosion remains
clearly visible out to 288 km. Beyond this crivical distance, defined here as the
maximum range of domination for the masked explosion, the role of the dominant wave
is taken over by the teleseism, althouoh instances of partial visibility occur at
further distances.

As the distance from the masked explosion increases the teleseismic interference
first degrades the fire structure of the tail of the explosion waveform; then it
obliterates the sharp onset of the waveform, and finally it destroys the principal
portions which are the Pg and Sg phases. Because the amplitude of the Sg phase is
frequently the largest, it is generally more persistent than the Pg phase.

As a further step the study analyzes tne quantitative features of the masking by
measuring the reduction in the relative duration of the explosicn waveform caused
by the interference. The duration without masking is determined with the aid of
traces from events with source characteristics similar to those of the masked ex-
plosion. The masked explosion is located fortuitously in a cluster of fifteen
closely-spaced explosions and the most appropriate comparison event is selected

by reviewing this catalogue of candidates with respect to geology and seismic
waveforms. By a circumstance even more unusual an explosion with a yield and
depth of burial almost identical to that of the masked explosion is available to
serve as a primary comparison event. The terminations of the wvaveforms for the
masked explosion are identified by visual inspection of its records in juxtaposi-
tion with those from the comparison event. Forty-two of the sixty-one traces from
the masked explosion are presented in this manner. The masking exhibits marked
deviations from the correlation with the logarithm of distance that would be
expected for masking in the presence of interference of constant amplitude. These
variations may be due to regional effects. The masking also shows secondary
dependences on the azimuth and the differences in arrival times.




In addition to the need to bring these specific results into the full context
of the general subject of seismic evasion and detection, and place them in .
tneir proper perspective, this study suggests three problems which should be

examined first: 1) the projection from this incident of masking up to the X
level of extreme worldwide seismic interference that follows any major complex
release of tectonic energy, by making use of the records of 11 August 1969 for

the main event of the earthquake sequence; 2) the extension from the yield of
the masked explosion up to that for the largest explosion (38 kt) in the -ata-
logue of comparison events, by reviewing the records for the explosion oi 9
October 1964 (PAR); 3) an examination of the probability for positive identi-
fication of a masked explosion as a function of the ratio of the amplitude
between the explosion and the interference.
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. Location of the main event and principal aftershocks

for earthquake sequence in the Kurile Islands during
August 1969,

Location of the epicenters for the interfering
earthquake (Kurile Islands) and the Masked
Explosion (Nevada Test Site) of 14 August 1969,
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SEISMOGRAMS

(arranged in the order of increasing epicentral
distance from the Masked Explosion)

Key to abbreviations

CE = Comparison Event
ME = Masked Explosion

The symbols in parentheses to the right of each station and
instrument refer to the designations by which the records are
identified; they follow the date on the label which appears
in the upper right-hand corner of each record.

The range in parenthesis to the right of each station is the
distance in kilometers to the epicenter of the Masked Explosion.

Plate Range
1. Groups 1-3. Tonopah, Nevada (TPH) (144 km)

1. Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

2. Short-period horizontal seismograph,
radial direction (SPR)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

3. Short-period horizontal seismograph.
transverse direction (SPT)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

2. Groups 4-6, Tonopah, Nevada (TPH)

4, Wide-band vertical seismograph (WBZ)
b) Record for the ME of 14 August 1969

5. Wide~band horizontal seismograph,
radial direction (WBR)
b) Record for the ME of 14 August 1969
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Plate Range

6. Long-period vertical seismograph (LPZ)
b) Record for the ME of 14 August 1969

3. Groups 7-9. Darwin, California (DAC) (168 km)

7. Short=period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

8. Short-neriod horizontal seismograph,
radial direction (SPR)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

9. Short-period horizontal seismograph,
transverse direction (SPT)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

4, Groups 10-11, Darwin, California (DAC) (168 km)

10, Wide-band vertical seismograph (WBZ)
b) Record for the ME of 14 August 1969
b’) Record low gain level

11, Wide-band horizontal seismograph,
radial direction (WBR)
b) Record for the ME of 14 August 1969

b”) Record low gain level

5. Group 12, Tinemaha, California (TIN) (193 km)

12, Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

6. Groups 13-14, Tinemaha, California (TIN)

13. Wood-Anderson horizontal torsion seismo-
oraph, North-South direction (WA NS)
a) Record for the CE of 13 September 1963

b) Record for the ME of 14 August 1769

xii
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14, Wood-Anderson horizontal torsion seismo=
graph, West-East direction (WA WE)

a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

7. Groups 15-17. Tinemaha, California (TIN) (193 km)

15. Long-period vertical seismograph (LPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

16. Long-period horizontal seismograph,
South=-North direction (LP SN)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

17. Long-period horizontal seismograph,
West-East direction (LP WE)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

8. Groups 18-20, Nelson, Nevada (NEL) (194 km)

16, Short-period vertical seismograph (18-300)
b) Record for the ME of 14 August 1969

19. Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963*
b) Record for the ME of 14 August 1969

19A . Short-period horizontal seismograph,
radial direction (SPR)
a) Record for the CE of 13 September 1963*

20, Short=-period horizontal seismograph,
transverse direction (SPT)
a) Record for the CE of 13 September 1963*
b) Record for the ME of 14 August 1969

*Seisnograph located at Boulder City, Nevada (BCN)

37

39



Plate

9.

10,

11,

12,

13.

Range
Groups 21-22, Nelson, Nevada (NEL) (194 km)

21, Wide-band vertical seismograph (WBZ)
b) Record of 14 August 1969
b”) Record low gain level

22, Wide-band horizontal seismograph,
radial direztion (WBR)
b) Record of 14 August 1969
b’) Record low gain level

Group 23. China Lake, California (CLC) (203 km)

23, Short=-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

Group 24. Goldstone, California (GSC) (217 km)

24, Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b*) Record for the ME of 14 August 1969
b*) Record for the ME of 14 August 1969*

*Recorded by telemeter at Pasadena, California

Group 25. Mina, Nevada (MN=-NV) (232 km)

25, Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969*

*Seismograph located at Mina, Nevada (MINA),
Recorded by telemeter at Berkeley, California
Groups 26-28, Leeds, Utah (LEE) (239 km)

26, Short=-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

27. Short-period horizontal seismograph,

radial direction (SPR)
a) Record for the CE of 13 September 1963
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Plate Range

28, Short-period horizontal seismograph, (239 km)
transverse direction (SPT)
a) Record for the CE of 13 September 1963
E) Record for the ME of 14 August 1969

14, Groups 29-30, Leeds, Utah (LEE)

29. Short=-period vertical seismograph (18-300)
b) Record for the ME of 14 August 1969

30, Wide-band horizontal seismograph,
radial direction (WBR)
b) Record for the MF of 14 August 1969
15, Groups 31-33. Ely, Nevada (ELY) (242 km)

31, Short-period vertical seismograph (18-300)
b) Record for the ME of 14 August 1969

32, Wide-band vertical seismograph (WBZ)
b) Record for the ME of 14 August 1969

33, Wide-band horizontal seismograph,
radial direction (WBR)
b) Record for the ME of 14 August 1969
16. Group 34, Eureka, Nevada (EUR) (258 km)

34, Short-period vertical seismograph (SPZ)
a) Record for the CE of 11 June 1964
b) Record for the ME of 14 August 1969

17. Group 35. lsabella, California (ISA) (273 km)

35, Short-period vertical seismograph (SPZ)
b) Record for the ME of 14 August 1969

18, Group 36. Kanab, Utah (KN-UT) (288 km)

36, Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969
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Plate Range Page ‘
19, Group 37. Woody, California (wWDY) (297 km) 61

37. Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963 !
b) Record for the ME of 14 August 1969

20. Groups 38-40. 63

38. Fort Tejon, California (FTC) (360 km)
Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

39. Riverside, California (RVR) (371 km)
Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

40, Mount Wilson, California (MWC) (373 km)
Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1962
b) Record for the ME of 14 August 1969

21, Groups 41-43, Battle Mountain, Nevada (BMN) (377 km) 65

41, Short-period vertical seismograph (18-300)
b) Record for the ME of 14 August 1969

42, Wide-band vertical seismograph (WBZ)
’ b) Record for the ME of 14 August 1969

43, Wide-band horizontal seismograph,
radial direction (WBR)
b) Record for the ME of 14 August 1969

22, Groups 44-47, 67

44, Pasadena, California (PAS) (385 km)
Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969
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45.

46,

47,

Pasadena, California (PAS)

Long-period horizontal seismograph,
North=-South direction (LP NS)
Record for the ME of 14 August 1969

b)

Pasadena, California (PAS)
Long-period horizontal seismograph,

b)

East-West direction (LP EW)
Record for the ME of 14 August 1969

Hayfield, California (HAY)
Short-period vertical seismograph (SPZ)

a)
b)

Record for the CE of 13 September 1963
Record for the ME of 14 August 1969

23. Group 48, Jamestown, California (JAS)

48, S'ort-period vertical seismograph (SPZ)

a)
b)

Record for the CE of 18 March 1969
Record for the ME of 14 August 1969

24, Groups 49-50.

49,

50,

Priest, California (PRI)
Short-period vertical seismograph (SPZ)

a)
b)

Record for the CE of 13 September 1963
Record for the ME of 14 August 1969

Palomar, California (PLM)
Short-period vertical seismograph (SPZ)

a)
b)

Record for the CE of 13 September 1963
Record for the ME of 14 August 1969

25, Group 51. Dugway, Utah (DUG)

d

Short-period vertical seismograph (SPZ)

a)
b)

Record for the CE of 13 September 1963
Record for the ME of 14 August 1969

(385 km)

(385 km)

(396 km)

(427 km)

(429 km)

(440 km)

69

71

73
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Plate

Range

26. Groups 52-54,

52,

54,

Santa Barbara, California (S8C) (447 km)
Short-period vertical seismograph (SPZ)
b) Record for the ME of 14 August 1969

Santa Ynez Peak, California (SYP) (459 km)
Short-period vertical seismograph (SPZ)
b) Record for the ME of 14 August 1969

Paraiso, California (PRS) (483 km)
Short-period vertical seismograph (SPZ)

a) Record for the CE of 13 September 1963

Willmore horizontal seismograph, N45°E direction

b) Record for the ME of 14 August 1969

27. Groups 55-57.

55,

57.

Mount Hamilton, California (MHC) (495 km)
Short-period vertical seismograph (SPZ)

a) Record for the CE of 13 September 1963

b) Record for the ME of 14 August 1969

Barrett, California (BAR) (500 km)
Short-period vertical seismograph (SPZ)

a) Record for the CE of 13 Seprember 1963

b) Record for the ME of 14 August 1969

Berkeley (Strawberry), California (BKS) (551 km)
Short-period vertical seismograph (SPZ)

a) Record for the CE of 13 September 1963

b) Record for the ME of 14 August 1969

28. Groups 58-59,

58,

Tucson, Arizona (TUC) (723 km)
Short-period vertical seismograph (SPZ)

a) Record for the CE of 13 September 1963

b) Record for the ME of 14 August 1969
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Plate Range Page .

59. Albuquerque, New Mexico (ALQ) (899 km)
Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
b) Record for the ME of 14 August 1969

29. Groups 60-62. Golden, Colorado {GOL) (974 km) 81

60. Short-period vertical seismograph (SPZ)
a) Record for the CE of 13 September 1963
a’) Record for the CE of 18 March 1963
b) Rerord for the ME of 14 August 1969

61, Short-period horizontal seismograph,
North=South direction (SP NS)
a’) Record for the CE of 18 March 1969
b) Record for the ME of 14 August 1969

62, Short-period horizontal seismograph,
East-West direction (SP EW)
a”) Record for the CE of 18 March 1969
b) Record for the ME of 14 August 1969

30. Groups 63-65. Golden, Colorado (GOL) 83

63. Short-period vertical seismograph (SPZ)
b) Record for the ME of 14 August 1969*

64, Short-period horizontal seismograph,
North=South direction (SP NS)
b) Record for the ME of 14 August 1969*

65, Short-period horizontal seismograph,
East-West direction (SP EW)
b) Record for the ME of 14 August 1969*

*Reproduced at 75% scale to show ME origin time

31, Group 66. Berkeley Develocorder 85

66. Prints of 16 mm film originals
a) 13 channels for the CE of 13 September 1963*
b) 15 channels for the ME of 14 August 1969**

*Reproduced at a scale factor of 218%
**Reproduced at scale factors of 218% and 707%
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INTRODUCTION

The hiding of underground nuclear explosions in earthquakes is one of the major
areas of interest in the general problem of seismic detection ana evasion.
Despite its importance as a primary consideration in treaty negotiations for

a comprehensive test ban, the scismic masking of underground explosions prior

to 1969 could be discussed only in speculative terms because there were no data.
In August of that year teleseisims from a strong earthquake in the Kurile Islands
interfered with the signals from an underground nuclear explosion in Nevada.
Even though the incident was purely accidental the data set generated by it can
be applied to the problem of hiding in an earthquake in a manner that is much
more direct than one might surmise just from the source locations and their
magnitudes.

A closer examination of the incident siows that 1) the masked explosion is
embedded in a group of closely-spaced seismic events from which one can extract
not only another explosion with nearly identical source characteristics to
serve as a comparison event, hut also several other explosions which permit
yield scaling to levels possibly significant to nuclear testing, and 2) the
interfering earthquake is a member of a well-recorded earthquake sequence which
allows projection from this accidental occurrence to the conditions of extreme
worldwide interference that follow any major release of tectonic energy. The
investigator thus has at his disposal from nearly the same configuration of
sources and stations data sufficient to synthesize the case for the masking

of a nuclear explosion with a yield likely to be meaningful under the worst
possible signal conditions.

—

The present study documents the interference observed for the masked explosion
by placing seismograms from it side-by-side with those of appropriate comparison
events. By confronting the viewer directly with the data in a highly compressed
format of seismogram pairs his capability for pattern recognition is enhanced

| far beyond the level normally associated with the use of only single traces.

} A perspective on the necessity for this approach can be gained by noting that the
data are machine-readible at only one~-third of the stations. The instruments
at the remaining stations generate only photographic records and any manipulation
of this data by signal-processing techniques (for example, spectral analysis,
etc.) would require hand digitization of each trace to convert the analogue
record into its corresponding time series. As a final comment it should be
pointed out that this data set was produced by methods which are the least
sophisticated of those currently in use: the networks involved are only par-
tially coordinated with the aid of telemetry, master time signals and magnetic
recording systems, while the remaining stations are operated remotely in isolation.
Since no data from dedicated arrays are included the quality of the masking
measurements obtained here can serve as a lower bound for that which could be
acquired with more advanced systems.

' Since this document is basically a data report for the explosion of 14 August

1969 its contents are divided into three chapters dealing with the introduction,
3 data and conclusions. The discussions devoted to the more detailed interpretation
of the data as well as the theory of seismic masking and the implications of this
incident to seismic detection and evasion are presented separately in a
supplementary report.




Chapter Il presents the seismograms for the masked explosion and its comparison f
events together with introductory sections describing the interfering earthquake :
and the selection of the comparison events. The analysis needed for the last

task is carried out by applying a series of increasingly restrictive limitations

to a catalogue of nu:lear test events located in the immediate vicinity of the |
masked explosion. The catalogue is partitioned with the aid of geological con- :
siderations and then reduced by ordering the explosions in terms of their seismic s
amplitudes and scaled depths of burial. Finally, a review of these sorted
parameters yields one explosion with source characteristics nearly identical

to those of the masked explosion. Alternate comparison events are used in those
cases where traces from the primary comparison event are unavailable or the
stations are of relatively recent installation. The seismograms are presented

in the order of increasing distance from the masked explosion with captions
containing short tabulations of the readings from the records which include
onset and termination times for the signals, values of the masking as well as
distance and range calculations for all events involved.

} Chapter |1l contains the conclusions of the analysis. The values of masking
obtained from the sequence of seismograms in Chapter Il are condensed into a
single tabulation. A second table presents the qualitative characterization
of the masking effects by listing the dominant wave and its level of domination.
Since the primary objective of this document is to present the data for the
masked explosion, the accompanying analysis is directed almost exclusively

L towards the interpretation of the seismograms.

T




. DATA

2.1 THE INTERFERING EARTHQUAKE

During August 1969 the Kurile Istands were the location of a major earthquake
sequence (Fig. 1). The main event occurred on 11 August with a magnitude of
6.5. It produced a tsunami and it was felt at least as far as Tokyo, 1100 km
away. It was preceded by a series of at least eight foreshocks that began the
day before and followed by a sequence of more than 230 aftershocks that lasted
until the end of the month.

in the period immediately following the main event there was a relatively

large number of aftershocks, some of which were quite strong and produced
signals clearly separated from those of other events in the sequence. As a
consequence they were well recorded worldwide. Several of the principal after-
shocks were of sufficient magnitude and isolation from interference that they
could be identified distinctly at far more seismic stations than the main event.
Thus, in spite of the larozr magnitude of the main event, the masking of its
arrivals by its immediate foreshocks caused a severe decrease in worldwide
station registration for it (Porter, 1974a).

On 14 August an aftershock of magnitude 6.2 took place. Almost 1l minutes later,
without any prior knowledge of or planning with respect to the earthquake, the
United States Atomic Energy Commission detonated an underground nuclear explo-
sion at the Nevada Test Site (NTS) (Fig. 2). On a seismic scale the timing can
only be regarded as that approaching the incredible: the detonation occurred

less than 12 seconds before the teleseism from the aftershock passed over the
explosion epicenter. This timing can be deduced from the travel time curve

(Fig. 3) for P-wave arrivals at the principal seismic stations in the western
United States (Fig. 4)!. Despite the fact that the P-wave from the teleseism
arrived at the explosion epicenter after the detonation took place its effective
surface velocity (18.! km/sec at NTS) so greatly exceeded the total velocity

(5.8 km/sec, NTS to NEL2) for the near-regional P-waves from the explosion, that
it arrived before the P-waves from the explosion at all of the principal stations
in the western United States shown in Figure 4.

The closeness of the near-coincidence is most easily explained by reviewing the
locations of the seismic stations with respect to NTS. On the earthquake side
of NTS, no station was close enough to the explosion epicenter for the waves

from it to arrive before the teleseism. The same was also true for the stations
located in the directions lateral with respect to the lines from the earthquake
epicenter to NTS (an azimuth of 310° at NTS). On the side away from the earth-
quake the case of closest near-simultaneity took place at Nelson, Nevada, where
the difference reached its minimum of 12 seconds. All of the succeeding stations
on the travel time curve for the teleseism (Fig. 3) recorded greater separations
in time between the two signals.

The next item of importance is the structure of the teleseismic waveform because
it determines the nature of the interference through which the signals from the
masked explosion must be observed. The description given here is limited by

1. The symbols for the seismic stations and their corresponding locations
are given in Appendix A.
2. Nelson, Nevada, the station of closest near-coincidence.
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Figure 4. Location of the principal seismic stations at near-regional distances from the
Nevada Test Site which were in operation during 1969.
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SEISMIC MASKINIG OF AN UNDERGROUITD NUCLEAR EXPLOSION
Final Technical Revort to Grant No. AFOSR=73=2522
by Lawrence D, Porter

CORRECTION

Page 9, line 12 from the bottom should read n7820 feet"
instead of "720 feeti"




definition to this specific aftershock, even though the epicenters of all members
of the earthquake sequence are located relatively near each other. At most
stations, for this particular teleseism, there were usually three quite well
defined arrivals with delays of 7, 19 and 60 seconds after the P-wave arrival.
Since all of these delays were constant with respect to range, they had travel
paths similar to those for the P-wave and hence must have been generated by
mechanisms in the near vicinity of the source.

For western United States cstations in these range and azimuthal intervals the
first two delayed arrivals are identified as pP and sP, respectively, by the
International Seismological Center (ISC). This selection is open to a
possible review because a check of the travel time tables gives 13 and 18.5
seconds for the delays pP-P and sP-P at the source depth (ISC) of 46 km.
This implies that pP arrived about 5-6 seconds early with respect to the table
values. Albuquerque has the only core reflection (PcP) listed for the stations
used in this study. The identity of the third delayed arrival is not given by
the I1SC, but it could be associated with the abbreviated curve one minute
behind the initial P-wave that appears on the Pasadena travel time chart of
1934 (Richter, 1958, Curve No. 8, Figure 17-6, p. 262).

2.2 THE MASKED EXPLOSION AND 1TS COMPARISON EVENTS

In order to generate a catalogue of appropriate comparison events we review

the listing of data for U. S. underground nuclear explosions (Springer and
Kinnaman, 1971) with respect to the source parameters for the masked explosion.
The primary comparison event (the one most closely resembling the masked ex-
plosion seismically) then is selected by applying a series of limitations with
increasing restrictions to this group of sources with similar seismic waveforms.

The masked explosion of 14 August 1969 took place in the Yucca Valley portion
of NTS (Fig. 5). The device was detonated at a depth of 784 feet in alluvium,
1141 feet above the water table and 916 feet above the paleozoic layer.

(App. B, C).

Starting with the fact that shot medium is weak (alluvium) and dry (wel! above
the water table) we restrict our attention to those explosions which are located
not only in the same medium with approximate.y the same water content, but also
in the immediate vicinity of the masked explosion. A search of the compilation
by Springer and Kinnaman (1971) under these conditions yields a group of 15
events, the farthest of which, the explosion of 27 April 1967 (EFFENDI), is
located W20 feet away from the masked explosion (Fig. 6, App. D).

The great variability in seismic waveforms often exhibited, however, even for
shots closely adjacent to each other in the same medium and with approximately
equal yields and depths of burial prompts us tc make a restriction in the geo-
logical as well as the geographical sense. The map (Fig. 6) of the subarea of
NTS containing the masked explosion shows that the Yucca Fault (Hinrichs, 1968)
divides the event catalogue into two subgroups: 1) the 13 events (including

the masked explosion) to the west of the fault, and 2) the remaining three events
to the east. We assign highest priority to the first subgroup as candidates

for comparison because of its position with respect to the fault and its proximity
to the masked explosion. The partitioning of this subarea into microzones is
based on the observation (Hays and Murphy, 1971) that the Yucca Fault can cause
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significant variations in travel times for seismic waves propagating across it.
The measurements were made in conjunction with the explosion of 26 March 1965
(CUP) which was detonated 7622 feet to the southeast of the masked explosion.

To rate the explosions in terms of their dynamic responses we select one or

two stations with instruments that discriminate well against the spectra of the
teleseism and which are at ranges where the explosion waveforms can compete
effectively in amplitude against the interference from the earthquake. Further=
more, we choose those instruments that have been in service at constant levels
of magnification for the entire period of the event catalogue. Even though the
sequence of explosions as a function of their amplitudes is not necessarily
unique for all stations and in fact may vary slightly from site to site or even
between the different components of the same type of instrument (as shown, for
examrie, by the measurements in Table 1), this method of selected stations is
much more efficient than attempting to analyze all available records. Such a
straightforward, brute-force approach would require an inordinate amount of
analysis because the instrument-event matrix would have at least 480 entries

(30 sensors, ‘6 events), if one assumes a loss factor of almost 70% in reducing
the number of instruments from a maximum (80) for all stations and conponents

to be considered to a realistic estimate (30) which incorporates the operational
features and histories of the equipment involved.

The most logical choices are the Wood-Anderson seismoqraphs at Tinemaha, Cali-
fornia. The design of this sensor (Anderson and Wood, 1925) consists of hori-
zontal torsion pendulum suspended by gold filament. A smal! mirror is mounted
directly on the filament and the recording is accomplished by reflecting light
from the mirror onto moving photographic paper placed on a rotating drum. The
gain (2800) is relatively low and fixed. The frequency response is of a high-
pass type which records explosion spectra well.

Table | lists the explosions shown in Figure 6 in the order of increasing trace
amplitude for the Sg phase from these instruments. A missing value precludes

use of the North-South component. The shots are grouped as dictated by Figure 6;
those in Section A are examined first, whiie those in Section B are used as can-
didates for comparison only at Jamestown, California, and Golden, Colorado.

The Sg phase is selected because it quite frequently dominates explosion seismo-
grams beginning at this range (193 km) and thus in those instances of domination
it would have the largest ratio of signal to noise. As a crustal wave it exhibits
much less of the structure intimate to the immediate source region than in the
case of any single direct wave.

At this point in the analysis the existence of the Lgl phase (Ewing, Jardetzky,
and Press, 1957, p.219; Richter, 1958, p. 267; Bath, 1973, p. 76) should be
mentioned because it occurs frequently on near-regional records. Its velocity
(3.54 km/sec) is nearly that for the Sg phase (3.37 km/sec) and on vertical
records at distances less than 5° it is virtually impossible to distinguish
between them without the aid of additional components. These velocities are
taken from the discussion by Bath who goes on to say that the Lgl phase in the
records of continental earthquakes at short distances frequently has larger
amplitudes than the Sg phase and often is mistaken for it. He comments further
that attention must be paid to both phases and that they should not be mixed
under the false assumption that they are only different observations of the

10




same wave. The present study makes no attempt to resolve this dilemma because

most of the data are from vertical instruments. The short-period horizontal ‘
records which are avaiiable (Tonopah, Nevada; Darwin, California; and Golden,

Colorado) are too few to permit any conclusion about the existence of Lgl and

furthermore they do not show any appreciable amplitudes transverse to the

direction of propagation, except for the moderate values at Darwin. e

As a final comment on the value of crustal waves and in particular of the Sg
and Lg phases we note the results of Baker (1970) who shows that the near- '
regional and regional magnitudes determined from the Lg phase have less scatter
than those from body waves. Baker bases his magnitudes on the ratios of ampli-
tude to period for this phase and compares them directly wi th body-wave
magnitudes (derived in the conventional manner) for the same set of 78 seismic
events (/3 explosions, 5 collapses, all at NTS). These results are obtained
despite the fact that the Lg phase may be distorted by previous arrivals from
the same event. On the other hand, the first body-wave arrival, although by
definition free from same-source interference, has a relatively weak amplitude
and exhibits a waveform highly dependent on local structure.

The yield estimates quoted in Table | are determined from the amplitudes for
the Sg phase as recorded by the Wood-Anderson seismograph (East-West direction)
at Tinemaha, California. The logarithms of amplitude and v 'e!d are assumed to
correlate in a linear fashion and the exact nature of the re.ationship is
specified with the aid of the yields (25 and 38 kt) listed by Springer and
Kinnaman for two of the explosions (25 June 1966 (VULCAN) and 9 October 196k
(PAR), respectively). The yields for the remaining explosions are projections
onto the yield axis from the intersections of the Sg amplitudes with this
linear relationship. It should be emphasized that our interest here is to
generate working estimates only of the yields; more accurate values would re-
quire the use of data from additional stations. These estimates are examined
more fully in a separate study (Porter, 1973) which also confirms their reason-
ableness with the aid of a second calculation performed in the same manner with
data from Mount Hamilton, California at a range of 495 km from NTS.

The final step in the selection of the primary comparison event is to examine
the scaled depths of burial for the candidates in Table |. The scaled depth
is defined by the equation:

Scaled depth of burial = depth of burial (ft)/[yield (kt)]|/3 1)

It serves a source parameter particularly useful in determining the interaction
of an underground explosion with the free surface above. The values to be
expected are shown by two different examples. For contained explosions at NTS
350-400 is considered nominal: a value over 400 (8 events in Table ) generally
means an overburied shot. On the other hand, excavation experiments require
explosions with much smaller scaled depths: the cratering shot of 6 July 1962
(SEDAN), for example, with a depth of 635 feet and a yield of 100 kt has a scaled
depth of 137.

A review of the yields and scaled depths for the events in Table | shows that

the parameters for the masked explosion most closely resemble those for the

explosion of 13 September 1963 (AHTANUM) and therefore we select this explosion

as the primary comparison event. Both explosions have seismic yield estimates

of approximately 3 kt and are overburied with scaled depths of 521 for AHTANUM

and 552 for SPIDER. The epicenter for AHTANUM lies 5090 feet N77°W from that {
for SPIDER.




TABLE |

UNDERGROUND NUCLEAR EXPLOSIONS LOCATED IN THE
VICINITY OF THE MASKED EXPLOSION OF 14 AUGUST 1969
(listed in the order of increasing seismic trace
amplitudel at Tinemaha, California)

No. Date Name2 Device Trace amplitude Seismic Scaled
depth2 Tinemaha, CA yield3 depth of

(ft) (mm) (kt) burial
(fr/ktl/B)

WA NS WA EW

A. Explosions located in the microzone of the masked explosion

1. 11 June 1964 ACE 862 2.2 3.5 2.0 684
2. 14 August 1969 SPIDER 784 4.0 4.5 2.9 552
3. 13 September 1963 AHTANUM 740 L.s L.s 2.9 521
L, 19 August 1364 ALVA 545 4.9 L.6 3.0 378
5. 27 April 1967 EFFENDI 719 5.0 L.6 3.0 499
6. 15 Jonuary 1969 PACKARD 8i0 - 8.6 7.3 na
7. 15 August 1963 SATSS? 738 7.0 8.7 7.4 378
8. 18 January 1968 HUPMOBILE 810 10.0 13.0 13 347
9. 25 June 1966 VULCAN 1057 14.8  20.2  (25)4 372
10. 10 April 1968 NOOR 1250 25.0 24.0 32 y 393
11. 9 October 1964 PAR 1325 16.2 27.2 (38) 394
B. Explosions located outside of the microzone of the masked explosion

1. 5 November 1966 S IMMS 650 1.6 2.0 0.9 672
2. 10 August 1966 ROVENA 635 1.7 2.2 0.95 642
3. 29 September 1966 NEWARK 750 4.0 4.7 3.1 514

C. Explosions located in the microzone of the masked explosion, but excluded
from further study

Reason for exclusion
1. 21 February 1963 CARMEL 536 signal is contaminated by the explosio
KAWEAH which was detonated 8 seconds
earlier at NTS.
2. 12 February 1965 ALPACA 737 signal is too weak to be recorded well
at near-regional stations.

|. amplitude as measured by the Wood-Anderson seismograph (East-West direction).
2. Springer and Kinnaman (1971).
3. vyield as determined by inverse estimation from the amplitudes measured by

the Wood-Anderson seismograph (East-West dlrection) at Tinemaha, California.
4

. announced values, determined by radiochemical and other means (Springer
and Kinnaman, 1971).
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So far the discussion deals almost exclusively with the determination of the
source parameters for the masked explosion and the selection of appropriate A
comparison events. There remains, however, another complex task of ottaining

as many stations and instruments as possible with records of both the masked

explosion and a comparison event. Because of the uniqueness to date of this N
masking incident considerable effort is made to generate this data set in a

manner as complete as possible within the limits of time and support, cven to !
the extent of using substitute comparison events at three stations as well as

extensive photographic manipulation (Sect. 2.6) of many of the traces.

In the case of the clcsest of these stations (Eureka, Nevada) the record of
another overb.ried explosion, that of 11 June 1964 (ACE), is available. At

the remaining two stations (Jamestown, California, and Golden, Colorado) it is
necessary to go outside of the microzone containing the masked explosion. Even
though the explosion of 29 September 1966 (NEWARK) listed in Section B of

Table | appears to have source parameters qualifying it as a substitute com-
parison event, an examination of its amplitudes at Jamestown shows a disparity
so large with respect to the waveform of the masked explosion that the explosion
catalogue in Table | must be abandoned. As a last resort we turn our attention
to other seismic events in southern Nevada as possible candidates for comparison.
This category includes unidentified seismic events with explosion-like signals
(McEvilly and Peppin, 1972, p. 69) as well as earthquakes. The resemblance of
the latter to the former for these two possibly different kinds of sources can
be exceedingly close in certain cases, even to the point of misidentification
(for example, the Colorado earthquake of 4 April 1967 that was mistaken as an
NTS event, Krivoy and Mears, 1969, p. B119). An examination (Porter, 1973) of
southern Nevada earthquakes and NTS explosions as recorded by Jamestown also
confirms this close resemblance. Southern Nevada is a relatively aseismic region
and a limited search of the 1SC and NOAA cacaloques vields only five events

with appropriate epicenters for the period 1969-73 (App. E).

As in the case of any study involving data collected from a large number of sen-
sors at different sites there are some locations which produced unusable traces
or for which no suitable records could be found. Plate 31 gives an example
typical of the search conducted in the case of a telemetered network using
multiple-channel recording methods. Of the original set of fifty-two locations,
thirty-two have records suitable for inclusion in this study; the remaining
stations and the reasons for the exclusion of their records are listed in App.F,

2.3 ARRANGEMENT OF THE DATA

The seismograms in this compilation are arranged in the order of increasing
epicentral distance from the masked explosion. The traces are assembled into
groups with the trace for the comparison event (if present) always being placed
directly above that for the earthquake and masked explosion. Each pair of
traces is assigned a group number in which the suffix a always denotes the
comparison event and suffix b the masked explosion. The distribution of the
instruments with respect to the stations associated with the masked explosion
and its comparison events is given in Table !!. The map in Figure 7 shows the
approximate locations of the seismometers.

At any given station with multiple instrumentation the data are presented in
the following sequence: short-period, high-pass (Wood-Anderson), wide-band and
long-period. Within each class of instruments the vertical component is pre-
sented first followed by the horizontals. For the latter the sequence of
orientations is radial, transverse or North-South, East-West. An effort is




made to place as many seismograms as feasible on each plate, consistent with
the widths of the records. As a result of this procedure it is possible to
condense the data compilation from 66 to 31 plates.

The conventional time scale of drum records of 1 mm/sec is maintained as much
as possible throughout the compilation. All data recorded at other time scales
are converted photographically to this noninal standard so that a direct com-
parison hetween all seismograms is possible. Only in the case of the long-
period data is thc original time scale of 0.5 mm/sec retained. Special care
was exercised during the assembly of the seismogram pairs to insure consistency
of the time scales between members even though some recopying of the data was
necessary.

2.4 CAPTION FORMAT AND NOMENCLATURE

The captions are designed to minimize the need for reference to external tables.
The upper portion of each caption gives tabular information about the range,
azimuths, origin time and readings of the seismograms, while the lower portion
is devoted to a corresponding written comment. These remarks are divided into
two paragraphs. The first paragraph describes the seismic features of the
traces, while the second deals with the preparation of the data.

The tahle headings for the captions are defined as follows:
Event Directly below this heading are listed three abbreviations:

CE Comparison Event. The primary Comparison Event for this
study is the underground nuclear explosion of 13 September
1963 (AHTANUM). The substitute Comparison Events are the
underground nuclear explosion of 11 June 1964 (ACE) and the
seismic event in southern Nevada of 18 March 1969.

EQ Earthquake. The earthquake which generated the teleseisms
that masked the nuclear explosion of 14 August 1969.

ME Masked Explosion. The underground nuclear explosion
(SPIDER) of the same date.

Date The date (GMT) of the event in question.

VAN The range in degrees between the event epicenter and the station.
This quantity is defined formally as the angle subtended <t the
earth's center by the arc connecting the station and epicenter
(Bullen, 1963, Chapter 10).

Range The range on the surface of the earth in kilometers as computed
according to Rudoe's formulae for the normal section distance on
the surface of a spheroid (Bomford, 1962, pp. 108-110).

Azm The azimuth in degrees which is the angle (measured from north
through east) between the meridian line through the epicenter
and the normal section line connecting the epicenter with the
station. The azimuth is determined from Rudoe's formulae.

B Azm The back azimuth in degrees which is defined in the same manner
as above, except for the interchange of epicenter and station.
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The origin time (GMT) of the event in hours, minutes and seconds. ‘

The time correction in seconds for the trace. For example, a |
positive value indicates that the station clock was slow and the

correction should be added to the station timing marks by trans- o
lating the trace to the left of the reference mark for true time.
The time corrections were taken into account during the mounting
and annotation of the seismograms.

The first appearance for the signal from the event in question.
For the CE or ME the value is the time in seconds after the
origin time. In the case of the EQ it is the actual arrival time
of the first phase in minutes and seconds after 14:00:00 GMT.

The difference in seconds between the onset for the EQ and that
for the CE or ME. The values given in the CE row are the dif-
ferences between the observed first arrivals for the CE and EQ

and hence measure the extent to which the explosion waveform is
embedded in the teleseism without any masking. Values in the ME
row (when given) indicate the extent of embedding in the teleseism
with masking effects included.

The termination of the explosion waveform, in seconds after the
origin time. In some instances two values are given. Those with
the suffix a denote the end of the principal portion of the
explosion waveform, or in other words, the end of the motion
characteristic of the explosion. The suffix b signifies the
values for the complete cessation of the signal. No readings

for the termination of the earthquake are attempted.

The duration in seconds of the explosion waveform. This value is
computed by subtracting the onset time from the termination. Two
durations are quoted for those cases where two terminations are
listed.

The relative masking in percent which describes the relative
loss of duration of the ME when compared to that for the CE.
It is given by the formula
. _ Duration (CE) - Duration (ME)
Maslking, (%) = Duration (CE)

The relative masking is given only if the durations of both the
CE and ME are known or can be estimated. A value is given for
each duration of the CE quoted.

x 100 (2)

The masking factor which is the reciprocal of the relative

masking (the ratio given above without multiplication by 100).
This factor is included because a separate study (Porter, 1973)
shows that the masking factor for an explosion waveform with
exponential time decay observed in the presence of a teleseism

of constant amplitude has a linear relationship with the logarithm
of the distance from the explosion. A masking factor is given

for each value of the relative masking.




2.5 ANNOTATION OF THE SEISMORRAMS

The upper right-hand corner of each seismogram contains a labe! showing the
date, station symbol and instrument abbreviation. In some instances the gain
of the instrument or the vertical scale is also given. To insure a consistent
method of annotation each seismogram is marked in the following manner: The
origin time for the CE or ME is indicated by a solid arrow (#). The oriqin
time (GMT) is inscribed directly above or below this arrow. In addition, as an
aid to the reader, the time elapsed after the origin time of the explosion is
marked off in minutes.

To further the interpretation the phases of the CE, EQ and ME are identified
whenever possible and their corresponding arrival times tabulated. To insure
consistency in the identifications of the phases, those made in this study are
compared against the ones given by Bath (1973), Richter (1958) and Simon
(1972, pp. 32-35). The records of three larger NTS explosions from Golden,
Colorado by Simon are of particular intere:t because the phases are annotated
and the traces can be compared directly with those on Plate 29. The present
study lists table values for the arrival times (Table 111) in those cases
where the explosion does not have a distinct onset or its waveform is masked
or missing. These calculated values, denoted by Pcal or Scal, are the first
arriving phases of the two shown for each type of wave in Table lil. Table
{1l is constructed in a composite manner: The P-wave travel times are from
Herrin (1968), while the S-wave times are from Jeffreys and Bullien (1940).

2.6 PHOTOGRAPHIC PREPARATION

Because of the importance attached in this study to the direct visual com-
parison of seismograms, significant attention is devoted to the photographic
reproduction of the data in the forms with the greatest possible resolution
and contrast. The complete avoidance of half-tone prints is accomplished
through the use exclusively of film processes with lithographic-like features.
Although the variety of recording methods,

1) mechanical:
inked pen
hot-wire stylus

2) photographic:
paper
film (16 and 35 mm),

3) electronic:
magnetic tape,

used by the seven reportirg networks permits us to compare cne technigue
against another, this diversity at the same time requires much more photo-
graphic experimentation in order to achieve results of uniformly high quality,
than normally would be necessary in a report dealing with only one type of
record. As a consequence, several different methods of photography are em-
ployed (Table 1V). Original records are used whenever possible to minimize
any degradation or loss of detail in the appearance of the waveforms; the

best copies available from archives are employed only as a last resort.
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Figure 7. Location of the seismographs in the Western United States which recorded the
Masked Explosion of 14 August 1969,




THE DISTRIBUTION OF INSTRUMENTS FOR NEAR-REGIONAL STATIONS ASSOCIATED WITH
THE MASKED EXPLOSION AND I1TS COMPARISON EVENTS
(listed in the order of increosing epicentrol distonce from the explosion)

Instruments
No. :'y‘:;:;’; iy Short-period High-pass? | Wide-bond |  Long-period | plore
18-300"  z R T NS ew | NS Ew! zZ R | Z NS oBW

1 TPH 144 C,M C,MC, M M M M 1,2
2 DAC 168 C, M C,MC, M M3 w3 3,4
3 TIN 193 C, M C,MC, M C,MC,MC,M|567
4 NEL 194 M A moct oM M3 M3 8,9
5 Clc 203 C, M 10
6 GSC 217 c, M n
7 MN-NV 232 c, M 12
8 LEE 29l M, M Cc C, M M 13,14
9 ELY 242 | M M M 15
10 EUR 258 c, M 16
N I5A 273 M 17
12 KN-UT 288 C, M 18
13 WDY 297 C, M 19
4 FIC 360 C, M 20
15 RVR 371 C, M 20
16 MWC 373 C, M 20
7 sMN 37 | M M M 21
18 PAS 385 C, M Mo M| 22
19 HAY 385 C, M 22
20 JAS 396 c, M8 23
21 MR 427 C, M 2
22 PLM 429 C, M 24
23 DUG 440 C, M 25
24 SBC 447 M 26
25 SYP 459 M 26
26 PRS 483 c, M 26
27 MHC 495 C, M 27
28 BAR 500 C, M 27
29 BKS 551 C, M 27
30 TUC 723 C, M 28
31 ALQ 899 C, M 28
32 GOL 975 c, mo c, M0 ¢, mi0 29,30
Totol Records 4 27 30 42 441 1 1 1 1111 5 & 121212

19

(see following page for notes)
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yA vertical
R radial (parallel to the direction from the station to NTS)
T transverse (perpendicular to the direction from the station to NTS)

NS  North-South (although some of the individual traces show SN to
indicate that the instrument has been positioned in the exact
opposite sense)

EW  East-West (the same comment as above applies)
Events

C Comparison Event: underground nuclear explosion of
13 September 1963 (AHTANUM)

M Masked Explosion: underground nuclear explosion of
14 August 1969 (SPIDER)

10.

A short=-period vertical seismograph with a response very close to that of
the Benioff,

Wood-Anderson horizontal torsion seismograph with a magnification of
2800 and a pendulum of period 0.6 second.

Trczes are given for both high and low gain levels,

The data for the CE were recorded at the station BCN in Boulder City,
Nevada, The station NEL replaced BCN prior to the ME and the traces
used in this report are expanded in time scale by photographic enlarge-
ment to match the Pg arrival times ot Nelson, Nevada,

A second record transcribed by telemetry at Pasadena is given for the ME.
The station MN=NV was withdrawn from service prior to the ME, The
trace used in this report was recorded ct the adjacent station MINA and
transcribed by telemetry at Berkeley.

The record for 13 September 1963 was unavailable, The trace from the
underground nuclear explosion of 11 June 1964 (ACE) is used for the CE.
The station JAS was installed ofter 13 September 1963, The trace from the
seismic event of southern Nevada of 16 March 1969 is used for the CE.
The short=-period vertical instrument was replaced by a horizontal Willmore
with an orientation of N45°E prior to the ME. The record used in this
report is a photoreduction of a hand tracing that was obtained from a
proiection of the 16 mm film original ,

The traces for the explosion of 13 September 1963 are too heavily
embedded in the noise to be useful as waveforms for the CE. Instead, they
are replaced by traces from the seismic event of southern Nevada of

18 March 1969,

{




TABLE 1Nl

TRAVEL TIMES TO NEAR-REGIONAL STATIONS FOR THE PRINCIPAL
SEISMIC PHASES FROM THE MASKED EXPLOSION

. P Arrivals] S Arrivals?
Station A Range
No Symbol (°) (km) Pn Pg Sn Sg
’ (sec) (sec) (sec) (sec)

1 TPH 1.30 144 25.3 24,1 43.8 43.0
2 DAC 1.51 168 28,1 27.1 49,1 49.9

3 TIN 1.73 193 31.2 30.7 54 .6 57.2
4 NEL 1.75 194 31.4 31,1 55.1 57.9
5 CLC 1.82 203 32.2 33.7 56.9 60,2
6 GSC 1.95 217 34,2 36.1 60.2 64.5
7 MN-NV 2,09 232 36.2 38.7 63.8 69.1

8 LEE 2,15 239 36.9 39.8 65.3 71.1

9 ELY 2,17 242 37.2 40,2 65.8 71.7
10 EUR 2.32 258 38.7 43.0 69.7 76.7
11 ISA 2,45 273 41,0 45 .4 73.0 81.0
12 KN-UT 2,59 288 43,0 48,0 76.5 85.6
13 wDY 2,67 297 44,1 49,5 78.4 88.2
14 FTC 3.24 360 52,0 60.0 93.0 107.0
15 RVR 3.34 371 53.2 61.9 95.6 110.3
16 MwC 3.35 373 53.4 62.1 95.8 110,7
17 BMN 3.39 377 53.9 62.8 97.0 1120
18 PAS 3.46 385 54.9 64.1 98.6 114.3
19 HAY 3.46 385 54.9 64,1 98.6 114.3
20 JAS 3.56 396 56.3 65.0 101,1 117.6
21 PRI 3.84 427 60.1 71.2 108.2 126.9
22 PLM 3.85 429 60.2 71.3 108.5 127 .3
23 DUG 3.95 440 61.6 73.2 111,0 130,6
24 SBC 4,02 447 62.3 74 .5 112.7 132.9
2 SYP 4,13 459 63.9 76.2 115.5 136.5
26 PRS 4,34 483 67.0 80.4 120,7 143.4
27 MHC 4,45 495 68.5 82.5 123.7 1471
28 BAR 4,50 500 69.1 83.4 124.9 148.7
29 BKS 4,96 551 75.4 91.9 136 .5 163.9
30 TUC 6.50 723 96.5 120.4 175.1 214.8
31 ALQ 8.09 899 118.2 214.8 267.3
32 GOL 8.77 975 127.5 231.8 289.8

THerrin, E. (Chairman) (1968).
2)effreys, H. and K, E. Bullen (1940),

21




TABLE IV

NOTES ON PHOTOGRAPHIC PREPARATION
(listed in alphabetical arder by reporting network)

Original Record

Time Scale
Note Reporting Network Material (mm/sec) Process/Film
1. California Institute af photogrophic poper 1 PMT]
Techrialagy (Pasadenc)
2, 0.5
3. inked-pen paper 1
4, Long-Range Seismic 35 mm film 0.25
Measurements Program,
U.S. Air Force (LRSM)
S. Sondia Laboratories oscillogroph playaut 0.4064 Ortho?
Albuquerque, NM repraduced from (.16 in/sec)
mognetic tape
6. Sanborn recorder 1 Orfh02

ployout reproduced
from magnetic tape

7. University of California, hot-wire stylus paper 1 double photostat
Berkeley
8. 16 mm film 0.467  Panchromatic
Develocorder {continuous
contrast film)
90
10. hond tracing of 10 Ortho?

projected image
from 16 mm film

11, World-Wide Standard  photographic paper 1 PMT
Seismogroph Network
(WWSSN)

12,

1 photo-Mechanical Transfer (o film process with lithogrophic-like features, by Kodak).
Ortho (o lithographic film by Kodak).

Photographic Preparation
Scale Factor

(%) Comments
100

402 Only best capy from
orchives is avail-
oble; direct can-
tact with original
is not possible,

24,6  Oscillograph playout
is light sensitive and
has very low

controst,

100 Requires use of filters
to suppress grid of
chort poper.

100

218

707

10

100 Best copy ovailable
\tom orchives,

Orlginal record,




2.7

Seismograms of the masked explosion and its comparison events




q82° 1
ege il

qs¢° 1
es/- |

q81° 1
ezl |

(W/1)
4 yseW

| ®eq4d

“leubrs ayy jo puy ‘q

"Uo1sOdxd 3yl jo d13sydalIdeseyd uUOjIOoW IY] jo puy ‘e

"(AlL @1qey ‘9 3 G s3loN @95) "spoyldw Bujipisodes pue ujeb u
S9JU3J3441p 01 3np S1 JW pue 3J 3yl udamlaq sapni)|due ui AJjaedsip ayj *%001 jJo 403108y

°leds e je suoildiidsued] J43ps0d94 ulIOQUES WOJLy padnposdes sse Iy Yl 104 dsoyl £39°4Z
40 J1030ey 3|eds e e sinoAe|d ydeabo|| 1950 wody pasnpoadas ase 3) ay3l 404 elep ayj

“30 @Yl j0 3soyl 01 153dSIs YIIM JB|IWISS|IP JeYMAWOS Due sal1jo4d 3yl ybnoyije ‘sijusauodwod
Poidad-juoys 224yl ||e 10y DI °Y3 @leulwop A|213|dwod JW 3yl jo <oseyd 6s pue b4 ayj

46°08
€0 "94

q0° 08
e/"95

aL 4g
eg-gs

(%)
ysey

7$

q28¢
€001

S9

qs52¢
e0s|

0S

qlee
€0zl

(%)

ang

q80¢
esZl

06

q05¢
es/|

74

qz5¢
esyl

%)

wa9)

9°1¢

$°92
6°%0:0¢
792

5°52
L7 €0:0¢
°92

£°92
L-t0:0¢
2°5¢

(s)

3asug

(1dS) 9s43Asuea] poraad-3Jo4s

(¥dS) 1e1pea poriad-1104s

H0°00:0€:H1 K wEL |°GIE
0 9°10:61:41 S°8OE §°LS
SL700:€5:€1 @ 4E€L 4°SIE

(=}

<-op--

“eop*

<eop-*

“-op**

it 0€° 1 Troptt

229/ 9°89 69 9NV 4|
£l T €9 43S €1

(ZdS) 1e>1319A poraad-iaoys

(s) (s w u) () (o)
71 uibiag wzy g wzy

(Hdl) epeasN ‘yedouo;

(w) (o) (1W9)
sbuey ?1eq

ey T e

W

03 (9

33 (e
¢ dnouay

EL]

03 (9

33 (e
¢ dnouyg

IW
03 (9

30 (e
| dnouag

JUDA]

24




L el (uw) JWIL )

€ 4 [} 0 -
- - ~
i 2 . o _.: o ..:.- : .. . .-... et .w LI 3 . .
W %\f;)\il%lgb\l\ﬁz%{- _..s.rli.-_.fr\\.,_at ..ﬁ ....‘.J.swm.; O 3 ...,..s... L ” w AQ
M T O
Wiy Y I :
4
s/ yno (S () & e A
148 NHdL B9 W ¥
- 4
_ (o) wo — " — @S \1&& .
i /
o e (o €
T - wed _
1dS Wdl €9 43S E! _ _ mm..n_
ﬂll e
| wia}
At o i P s ] o P e WV N LA 1{-) M n . .‘f.ﬁ....!p,...\ s ¥ ... lﬂli.f—ff?lllll Aﬁ
il 2 i) o
ap/d eno rﬂml i

WG Wl YW W :
i (o) a2 _ -
.l _ h _ ~ o bt S s A S Ff 4 * .k t ?’i\ T _ AO £
e | | .a..._

r .
E-OJ
PPy T WS A A L A s, p—— (q
- - e s T TR S .\ T ? —-.... SRR DO .isﬂgﬂscl{[
L N e |
v oo @ws ()a (WL
TdS HeL WY MY M o8}
— :
i ade
E..:S_ | | muvn ¥ 4
_ et W, .a.é.i*( | N
X weo '
LS H4L €9 4TS €I _ esier




*| "ON 21e|4 uo uaAIb ejep polsad-iJoys Yyl woly pIrewilisiy

‘(A1 21981 ‘9 210N 295)

200| 40 4015y 3|eds & 1@ suoildiidSues] J3PIOIIJ UIOQUES wWOUY paonpoadaa auae ejep 3yj

*s95e43 || UO D3I 9yl dleuiwop A|233|dwod JW 3yl jo saseyd 65 pue 64 3yl

‘a|qe| 1eAe

24e §,3) 9|qeIINS WOsy SIJe4] OU fA|IJU3d34 A|dA!11€|3) pI||LISUl 343m sjuawndisul 3s3ay)

<65 89 46 1°2Z 9°ST
g°t0:0¢ O
091

+09 qS 08 9°ic %4
H°€0:0¢ O
091

09 LS 8 [4 A T4
0°€0:0¢ O
#051

(%) (s) (s)y (s) (%) (s)
jyseWw JnQg wad] jJi1Q@ 3II3SUQ 71

|B21343A polaad-buoq

[€1pel pueq-spIm

#0°00:0¢ : %1

9°10:61:41 §°80¢ S°LS

-cop° -

onv #1
auou

[€21149A puBq-3pIM

wzy g wzy abuey

(Hd1) epeA3N ‘yedouoy

(1W9)
aieq

EL|

03 (9

3) (®
9 dnoug

W
03 (9

37 (®
4 dnouy

IN

03 (9

3 (®
 dnoJg

JUIAJ

26



Z ®iod

n6/w0 cETTOND
Td1 Wil CP MY I

! (eadds

I . P _ \»ﬁ)
f*.wu 4 —...._ . BTt BALS

%S??%«gig%sicﬁ<dsﬁ€)_ﬁﬁifﬁf i .J.. S = ..f»?

— ' W _ “ ¢ T g 80 T —
p bt \ i

e I ! \ .

* ! IS Heo d w)d

WEM KL 69 90V W L ! . } i “.nt
r ]
il ' (oa)e¢
_ ,, _:_:_ Ji t w
%5((«5%{?323?%?%» (237,.39. ﬁ_f _:P:ﬁ i .; 34,_ ,_J _4__._,_ rszﬁgj_ ar
.__ ..u,!.n _ , e  ®Dd
IQAM NdlL 9 onv ! —I _ U
€ : (uw) IWIL _ -

|
& |
> \
’
| S o e I B R R i




*leubis ayy jo pu3l °Q

‘uo1so|dxa a2yl JO D1Is1aaIdEIEYD UOIIOW dY] jO puj “E

“(Al 21981 ‘9 3 G S2ION 29359)
-spoylaw Huipsodas pue uieb uy saduaudyylp O anp s! JW Pue 3J) 3yl uIdMlaq sapny|jdwe ul Aljsedsip
ay] -¢00| jo 4012ey I|EDS B 1B suoj3diidsuea] 13pJodal uloqueg wWoly poonpoadal 2.8 3JW 3yl J0y
asoyl $29°47 40 40108y 2|BOS B B sinoie|d ydeabo||12s0 woay padnpuidas 3ue 3) 34l 104 ejep a9yl

©37 241 4O 2SOyl WoJj Ieymawos J43441p IW 3Yl 4O sa|1j04d 3y) °Siuauodwod poidad-lao0ys 234yl
[1® uo 3W 2yl jo saseyd B4 2yl Aq Alleti1aed Ajuo pue 6S 3yl Aq A|3313|dwod pajeuiwop s| 03 34l

qze° | ag° 18

ey0'Z  eley 95 Lg 1€
60:0¢ O trop*t
q/0f qSte 8¢ .0
e0ll egtl (14S) 2staAsuea] pola3ad-140yS ccop°’
q08'1l  9L°SS
e€/"T7 ©6°S¢ 99 46 0¢ 8¢
go:0¢ O Troptct
aehl alll 8¢ 0
=ie wcl (¥ds) 1erpea po143d-340ys Tropt
/9" 1 q0°09
egh- € e/ g 9 16 1z 62 40°00:0€: 41 6°¢€S 8- 4eZ 891 15°1 Ttoptt
go:0t O 9°10:61:41 6°ROE T°6S Ll S°69 69 9NV Hli
qss1  q€gl 8¢ 0 S1°00:£5:€1 G°€S ez (91 05° 1 £9 43S ¢t
e/g esll T
(24S) 1€21343A poidad-140yg (2va@) eiruldojije) "uimseq
(Ws1) (%) (s) (s) (s) (%) (s) (s w4 (o) (o) (wy) (o) (1W9)
4 JSEW sSew anqg wi1d) 4J1Q 32suQ 31 uibidg wzy g w2y sbuey aieq

€ 2eyd

g dnodg

8 dnouayg




€ 9ol

(uiw)  3INIL !

I

.Flﬁ.§<§.\c>§t.‘.f¥s.fr..w R e

o / \

amw/v s 000 o= (™S (aw) d (va)d
id§ OV Aoy in 0%t
L —
_ _ e @
v G et s lant s ..,.)r...f........_.., p‘i...r“...a.. iy 4
G~ w9 _ (R ] _-.
1ds Sw €9d3S @ (@ ws2? _ | cssel
W
—..I =
" \ MI‘.‘
e 4..411*.-.%!3_& -
| " \
Rl /
g
uds wahthm“u wl ™e e ._I:_.
L 3
| w )
Hat u-nnh.-ﬂ” & Il.__ﬂ_ _ _ EEEI
W

sl ic000
4SS dva 2oy m

G < weey
ZdS ova €9d33 €I

_ _ (v)wsa3

v
s A e AN N | A i S8 oy Nl i e i

_.:_____. @A_-

injs mda Edt (ma

L
| T

Wi
_{.__N_.__J*Eﬁ!/hﬁ

ol

-~

ESE!

29

(9

(o ¢

(9

(08

(o ¢




‘€ "ON 3d31B|4 UO UdAID elep poiiad-3ja0ys 9yl woaj pAJRWIISIy

‘(A @198L ‘9 210N 2939)
*%00| JO 401de4 3|EOS B 1€ SINOAR|d 43pJ0ODIJ usoquUES wolj padNposdas ae eijep )

*S$9J2ed] pueq-Ipim 3yl j0 sjuduodwod yloq uo 3| 3yl jo Iseyd by
2yl AqQ A |e1i14ed Ajuo pue 3seyd b5 9yl AqQ A|213|dwod pajeulwop s! D3I Yyl -I|qe|ieae e
$,3) 21QelINS WoJdj SIded] OU {A|1UID3L A|3A1]R|31 PI||BISUI II3M SJUBNLIISUI PuBq-IPIM Y]

%98°¢ #3¢ L9 96 0¢ 62 el
60:0€ 0 ropte 03 (9
+0€1 3) (e |
S|9A3| uieb oMl °(YgM) |EBIpPE.N PUBQ-3P M cctop°- | | 9nod9 i
|
<£€°¢ +=0¢€ £9 Z6 07 6z HO 0C:0€:41 6°€S g v€z 89l 15° 1 “rop-* IW .
60:0¢€ O 9°10:61:41 6°80f T°63 TeLL S°69 69 9nv #l 03 (9 “
2501 auou 37 (® .
S|9A3| uieb oMl ‘(ZgM) (B3, 149A pueq-3pIM (2vQ) eiuaoygi|e) ‘uimaieg 0| dnoug j
(w/1)  (3) () () (s) (%) (s) (s w4y () (o) (wy) ) (1W9)
3 ASeW sew ang wad)] J1Q 1IdsuQ 31 uibidg wzy g wzy abuey ajeg JuU3aA3 M
g |
7 d1e|d




y ®iold

’ 4 . ¥ P
e A A A o A SAAA A NANA NN A [V ,.\f.n..}f__ f( (\/.3(?‘., Wb ) ....f. JJ»‘J.\ .Z.r;g& M” _...
Fy ¥ ' i 4

wey mey
UEAM WC P NY M

it m i Y IR

soe/m> vell000D
UBM T oW M

"eg Moy
I8N N 9 90y N

295/ w> 00090000

.<~s

f. t,?:..gc ?s Ak

@M Ova B9 oV !

x
&

-

(».
o,

A

4
ai:.

Ky ¢.:

..;

~

(u1)

Pl

9.
'E\ 3

{éggégzgxfepbii)i‘i ,.,.&csg}

JNILL . 4
— i ”
: \fnﬁ v.\—a«‘ w...mj Am
j
- iy
(s ) d e
! | 7
! g 1 . !
TINEE bl !
§ - (q 1t
3] 1 o by !
i ! 1 el
5 : ' ”,
IR , ox:iin
' o -
# =
LT A
._._.%3 _.,_..,mii_q.w_...__mrf..r.}: .ﬂ...ctf.ﬁ (@
(e
L J
)5 (o o) o
LN T | —)
. ' -._. L |
Nt ﬁ A L
PR SR F JUE \
i I _ Ol e
- —
\ . 4 ”




an6- 1

eoo

(W/1)
4 dsenW

qg 3ale|d

“leubis ayy jo puz -°q
*uolsodxa 3yl jJO D13sSi1adIdelERYD UolIoWw BY] JO puz ‘e

*(A) @1QeyL ‘| 230N 23s) “IueISUOD 3Q O3 pawNsse si Juawnisisul 3y jo uleb ayy
*%001 J0 401024 I|EDS B ]°E sjeutbiio aaded d>i1ydesboioyd wouy pacnpoadas ase ejep ayjy

‘uorso|dxa ayl jo di1iIsiaaioeseyd jeubis ayl jo
fuidsew ou Jsowie s) duayjy P3I 9yl ajeulwop 3IW 3yl jo0 saseyd 65 pue 64 3yy

q5° 1S
€0 Sl ghl £e #0°00:0€:41 6°98 2°[(92 ¢£61 €L 1 Troptt
#0:0£ S0 9°10:61:%1 #H°g0t 6°89 £29L 9°89 69 9NV 41
a/¢Z 969¢ 8¢ A4 0 S1°00:£9:€1 8°98 0°/92 161 L | £9 435 €1
Sl elyl (ZdS) (ed1349A pot1iad-31J0 I
! 11ad-3Joys  (N)Ll) erudoyrjel ‘eyewauly
(%) (s) (s) (s) (s) (s) (& woy) () (o) (wa) () (1W9)
swsey JnQ wi13d) J1g 13suQ 31 uibiag wzy g wzy asbuey aieg

W
03 (9

3) (®
Z| dnoag

JUaA3

32




ol 'r?l.n'n '8

..?‘

(uw)  3IWIL




“leubls 3yy jo puz °q
‘uoiso|dx® @yl JO D131S51433ID0€4EYD UOIIOW 3Y) 401 puz °®

“(Al @|qel ‘| 230N 995) "3IueISUOD 3G O] pIAWNSSE BJJE SJuwWNJISUl 3yl Jo suollen)jiubew ayy
00| 3J0 410310ey 9|EdS e 1e s|eulbrao saded s1ydeaboioyd wousy padnpoadas ase ejep ayy

-uoiso|dxa aul jo D1i1siaaideseyd |eubis 3yl jo
Buinsew Iybi|s e Ajuo s 343yl D3I 24l dleufwop IJW Yl J0j saseyd b6g pue bg 9ay)

he
90:0¢ SO
€€ 0
(3M YM) 3583-1S9M UOSIIPUY-POOM

7€ 740°00:0€:41 6°S8 T°L9C €61 €L ctopt
90:0€ SO 9°10:61:41 #'80€ 6°85 €29/ 9789 69 9NV #l
€€ 0 S1°00:€5:€1 8°S8 0°49Z 161 L1 €9 43S €I

(SN VM) YINOS-Y3JON UOSI9puy-poOM  (NIL) BluJoji|e) ‘eyewduly

4) (o) (o) wit) (o) (1W9)
wzy g wzy abuey a1eq

9 9l1e|d




9 dioid

- - .I gkﬂ a il
o T, h — th _
e oA e f{s{}i{.dc VR AR\, .._s.._. SNV N L AN yio JE (q
= IMYM ML 69 Y b S w2y o) S =) (o) d okim | =
e ——— = A S —
™ o ”,
— .y“ — . i AU il
: , o A e N NS N S .
l' M YM ML €946 G n (W wsa2 _I.F - €68t | =
@
x = ?w e
€0's ¢ 1L C— = Sl b2 “ by tmrt bl Pt — - “ m‘b - — . .Ml\-.\(? ”.'- “ Aa
TSN oYM eV el T o T wn | - S o d 21=
- — Pl Pt At NN, 9\ p 1. Y T ﬂlI” (o€l
R Lo - Wwan T—- ~- (9g o nnam_.ma
£ t { 0

(uiw) JNIL @

35




“leubis ayi jo pul °q
‘uoisojdxa 3y3 JO di3sliaideleyd uoljow 3yl jO puj e

*(A1 @|9eL ‘T @I0N 935) “3Iueisuod 3q o) pawnsse dJe siuawnJisui ayl jJo suteb ayy
*%001 30 4031dey 3|EDS e e sjeuib140 Jaded d>i1ydeaboioyd woiy paonpoadal 3Je ejep 3yl

‘wiojaAem uoyso|dxad ayl 40 |1e3 3yl jo Buijsew 3|qetapisuod st 3434} *spJodaJ
| polJdad-3110ys 2yl 30 S€d 3yl ul ueyl 3|QISIA SSI| dJe JW 343 jJO saoseyd 6g pue 64 3y}

q€€° 1 q0°6!.
en0°"¢ ©6°gh 8% Lt LE 3W
$0:0£ S0 “rop"® b3 (9
qz61 9922 ye 0 33 (e
eq6  egel (3M d1) 3se3-1sam pollad-buol -cop** [| dnoJg
q6Z° L q99°LL
e01°Z ©9°Lh 4 YA A1 L€ W
G0:0¢ SO c-op°* D3 (9
q961 QO£Z Y€ 0 37 (e
*h8  e8ll NS d7) Y3JON-uInos po143d-buot “rop- g| dnosy |
qI$° 1 a1°99
eyg€-z el'Tqh €9 96 8¢ 133 #0°00:0€:41 6°G8 T°L9T ¢£6l YA Ttop° - W ‘
50:0€ S0 9-10:6(:41 %°80f 6°85 €Z9. 9789 69 9NV i 03 (9 |
aggl 981z 41 0 GL°00:£5:€1 §°S8 0°/9Z 161 TLL €9 43S El 37 (®
*oll e (Za7) [651319A po14d-6uoT  (NI1) eluioji|e) ‘eyewsui} g( dnoag L
(W/t)y (%) (s)y (s) (s) (s) (s) (s woy4) (o) (o) (wa) () (1W9) |
4 dseW ysey ing  wad} i@ 319suQ 71 uibrag wzy g wzy abuey aleq JU3A]
ww 0 L
_ L @e|y ™
.
L]




i L)
(utw) JWIL
%

. T, ematy o LY
2 W G W W o S e TP T Tt e
SN VLY AN
= e T A R e o — b . 3 Aﬂ
_ 1
e T : S —————
Zd7 ML b9 eov i | [mw} mald

s P et e
(Rmanyy
o

rtu-‘..-?.._‘_.n-.&r..nrl..l Wi kg ..l___...l....{lllr.ll...\ ho m—




VWL QL TMT M pves | eve v Qdd VYL !
"|eubis ayy jo puz °q
*uosOo|dxa 3yl 40 D13IS143)DOEJBYD UOIJOW 3Yy) jO pul ‘e

"(Al 2@|9eL ‘9 3 G S3ION

29s) -spoylaw Buipsodas pue uieb ul $2OU343441p O3 NP S| IW PuB 3] BY) UIIMIBQ sapny | |dwe U}
Ajlaedsip 3ayf %001 3O 4031dey 9(ed>S e e suolldidosued] 13puod3ad uloques Woiy paydesboioyd ase 3w 3yl
104 asoyl ¢z6°/[T7 30 4o1dey 3|EOS B IP° sinoAe|d ydeabo|| 1250 wody paonposdas ale 3J) 3yl 4oy eiep ayjy

‘wlojaAemM uolso|dxa 3yl jo |1e) 3yl jo Buiysew awos S| 42yl INg ‘d1qIsStA ase saseyd 6s pue b4 ayyg

(Lt o= wi L1/w 461) sIdueisip 3yl 4o olled 9yl Aq papuedxa uaaq 3aAey
342y umoys S$deJ4] pue sawil 3yl ejep uosl.tedwod aptaoud 03 £3IN O3 pa3ed0|ad asam sjuauwndisul 3yl

JW 9yl O3 JOoliq -"epeAdN ‘A1) sap|nog ‘NIg uollels S§93) ocuuum pap40d3a1 ai4am 3) 3yl 404 elep 3yj
qagh " | q5°L9
ent 2 el'Th SS o6 ¢l 19 #0°00:0€:41 1°92€ H°SHl 46l SL°1 Troptct 3W ’
G-€£2:0¢ O 9°10:61:41 T°OIE 1°85 €S6L 9°1L 69 9V 4l 03 (9
9691 13t0T we ¢ G1°00:£G:€1 €702 9°6£1 1L1 L E £9 43s €1 37 (e
€96 "0t (1ds) 9sJeAsuell £o149d-1104S ceop-°” oz dnoi9
q00Z Q%€ ne 0 G1°00:€5:€1 €£°0Z€ 9°6El L1 LR €9 d3s €I 37 (®
®16 =Szl (4ds) letpes potied-104s -sop**  yg| dnouy
q05° 1 q/°99
eql ¢ eg¢ " 9f 95 06 Zl. G- ¢¢ H0°00:0€:41 1°9Z€ 4 Shl 46l T Ttoptt
§°1Z:0€ O 9°10:61:41 Z°0l€ 1°89 €961 9°1L 69 9NV yl 03 (g
9851 qZ0¢ ]9 0 S1°CO:€S9:€1l £°0ZE 9°6£1L LI 881 €9 d3s €1 37 (e
€88 eezl (ZdS) 1e31349A poyaad-3a0ys ccop*- 61 dnodg
*0Z-61 "SON dnodg woiy pajewllsa s 06 40 uollednp 3I) bulwnssey ‘
x06°¢ wHE 69 £6 £l e #0°00:0€:41 1°9Z€ 4'Swl 46l  SL°1 Trop-t e
g 12:0¢€ O 9°10:61:%1 Z°0lE 1°8S £65L 9° 1L €5 9nv %l 03 (9
(00E-81) LB21343A poliad-140ys (5713N) epenadN ‘UOS|3N gl dnouag
(W/1) (%) (s) (s) (s) (%) (s) (s wou) (o) (o) (wyy (. (1W9)
4 Msew sey anq wia] 410 23I9dsuQ 71 utbiag wzy g wzy abuey 2leq JU3A3
|
g ey &



8 aeld .
(Liw) JINIL
€ z § [0}
| _ rA(
" »3,%35{({3%(55.%&\4\.{31?1.1..,.,.\ P RRITARD e e T Ay }
!‘?. _ / _
‘ L9E0OD W3 :
145 13N 6% o0V &1 _ (a)S @wnd L(e)a o0&
(Quanr | _ _ @IS g
gt S SN 2 ii,fl...% R——
1dS NJB €9 a3$ €I _ (® ‘suu_ _ €S€l
T e —————— RE—— !
S
- L} 4
e R 1%1% _
2udS NG €9 438 € _ (Quwsn _ _ i .
. e |
T e e e =
(vi)d pviuey *V
(C2)] 2ewid vmADS
]
\
r ) [ 3K :
= :_. N | ... -...,uw.. CmaR i
A PAATNAARAA AN AN i A ANV ?Qf_.,.gs r..s( il ﬂ W 4;» ..? o ey Iy _,., AR,
] ‘e » 0 Yo i ) ik :
R
!.vtNo.s.o Wa | '
=ds 1IN b9 W w _?.w.
)
(| _ o _ e e __ i a_.u_..a_ |
—— 3(1.\!,?)\.«:.))-_\,!}....i....,.‘.....? Rldan L e .....:ﬁa.:...._m..j __* q. ?;f .__..*.:_?..___—._ .._..
74 Voa €947 | (2 won! | _ p—
N— — == e —
g S0P
?u%dwwﬂ.\ LT N4 ba pyEsIa? J
(va)d® 4
. (oa)d!
_ i 5 o, '
P a boer® il 8° o _n. L ; v .. . _‘.._...
%\(‘((/\%%(ég) .?jg_?\/)es. .S\// .\(\. Wern VS C (\ ‘:, ’y o~ 5 h . et ._«v.__ﬁ,.. vt e s.(q, " R S—
o Wt ) ., ) b
— v . —. 3 .. ] . ~ g ! . / i
205/m0 47246 00000 win ¢ i
SO0 TAN 69 SOV #! _ inu&n awd (o2)d
a“.f.

o~
(3]
(Q
(e 0T
(e V6l
q
(e 61
(@ 8l




‘a|qe|leae e
$,37 219e11ns woly sadeul ou fA[Iuad3d A|2A11€|2] Pa[|BISUl 3J3M SIUBWNIISUL puUBq-IPIM asay)

g "ON 21e|d uo udA1b eiep poliad-3Joys 9yl wolj palewilsay

*(A1 @lqel ‘9 310N 235)

%001 40 401dej 2|EdS e 1T sinoAe|d 13plod3Js ulogues woJd § padnpoidas 3le eiep 3yl

‘widoy aAem uoiso|dxa 3y3 9z1ub029.4 A|J4ea|d> 3uo ued julwnuaisul |elped a2yl j0 ased> ayl ul Ajug
-ejep poidad-1J4oys 3yl 404 3Isoyl ueyl 3|qisiA SSI| yonw a4e W 9yl jo saseyd 6g pue 64 9yl

#§°2 ¥0% 9§ 06

2§°T +0h S L3

w1y (%) (s) (s)
4 sew >seW Jng wadl

6 @1e1d

4!

4

—
7]
~—

3!a

3 31

¢'1z:0e 0 Troptc
s|aa@| uieb om1 ‘(¥gm) lLeipes pueq-apIM ccop°”

g°€¢ H0°00:0€:H1 1°9Z€ 4 Shl h61 SL°1 Trop*t

S"12:0€ O 9°10:61:4l T°OLE 1°8S £56L 9°1L 69 9NV #l

uou

S|2A3| uieb oml *‘(ZgM) 1BI1343A pueq-apim (73N) epeAaN ‘uUO0S | 3N

(s) (s) (s w4 () (o) (wr) (o) (1W9)
192suQ 31 uibiag wzy g wzy abuey 21eq

EL)

3 (9

33 (e
77 dnoug

W

03 (9

33 (®
|z 9nouy

1UaA]



6 ajoid

e n b fan,
?/.\/({ <r<§§<z C,(\. ,\.> Se /. ’ ) ‘.c

g not
UEM TIN B K M

tr,

i T [T Py M..
i ¥ Wim ...._.f ﬂ,«\....f

Vv o 4
_ ,. : L

son/w> gscloowo
UM TIN O NV !

WP Mmool
OGN TIN @ IN #)

i

’ ¢+
h i .\
,_) AN ?J\ ._, A .,.»7,.\\...\. A i .,s,
\C,r.“ NURT AR ! \ b L W ./ .
v r‘m [ ; v oy ] ¢ X
>esfw> 0RI19000'0
2eM 1IN 69 oa(_?.
e Y 3

[} ’ A
NN AN N AAANNAA AR A AN AV P

(viw) IJINWIL

|
) 1
e AN A ARA A A MMMV _,,._i?ﬁ._ftﬁ x,%? __ ¥

[ ...,

-‘Lov

(on)d Pvue 209
(v3) ¥send unouRe

]

?&a Y

W VE

_r d.- ._. v
‘g

._ il
Lk .‘_..‘,. {...‘.,{Q} .....r..)%,\r,
1l v

N
! 0 =
_l N N
Gt (mas (el
[
) ) ‘..._ﬁ. g R .
LR At ’
onim
L -
(aw)s @ d m)d '
" ] P! 1 J
. ‘ . e
[} t .‘. 4 ) J ] A A
| w ,..a .., ,....ﬂ,\., ’J,..r\r\..)\{\r((.\r((\. (9 22
I ;,,...“nf V

(p3)d®

|

(et

ﬁ«

(a

tw)e d  ald
1 1 | 1 |I|_
| ! \ ..—Il ! : _ i
) L Log, X P
) ' 1 \¢ Ty .. " h. . n- _
H ¥ L ¢ ¢ . f
m~ Ay x| » H 4 o A (912
.<. ] & ‘ "
& o ... ! ' v .e. 2ich ]
] ) 0 ] 1 o!..! I
By R |’. lege




“|eubis a3yl jo puz °gq
‘uoyso|dxa 9yl JO Dl13siaadidedeyd uoljow Yyl jo puz °e

“(Al @(qefl ‘| 230N 99§) ~IUBISUOD 3Q O PaAWNSSE S| JudWNJIISUl Byl 4O uojledijiubew Byy
*%00| 40 401dey 3|EdS B 1B S|eulbjio saded d1ydesboloyd woly padnposdal aie elep YL

) ‘wiojanem uolso|dxa 3yl jo uoiliod J4333e| JYl 40
Buiysew Iybi|s e sI aJay] -3|qeziubodraas A(ued|d aJse JW 3yl JOy saseyd bg pue Bq ayjg

q65°1 98°¢9

e9| ef°g 06 €£z1 22 £€ 740°00:0€:41 2°TH L°€TT €0T Z8'| crop* -
11:0€ 1°80 9°10:61:41 0°60f G°6S5 4#SLL 8°69 69 9InvV #li
qzyZ 9SLT UM4Y 9°%Z- S1°00:€S:€1L 8Ly L-zzz Toz 8L €9 43S €l

e96  B6Z|

(ZdS) 1e21349A pordad-3aoys (7)) etusoji|e) ‘axe] euly)

(W/1) (%) (s) (s) (5) (9) (s) (s w 4) (o) (o) (w1) (o) (1W9)
4 MSEW seW ang wiadf 41Q 3I9sug 71 ubirag wzy g wzy abuey Y aieq
i
m
! 0l 3leld

3W

03 (9

30 (e
¢z dnouy

JU3aA]

42

¢
'
PR P . | ey e, = T ——— "|'|'|\|l|"||I.L



0l 2@icld
™
<
(uw) 3IWIL
.
¥ £ L L] [
- R -
- S m— iﬁ!ulqs . - II.”I
-, I~ (o) swwud vasues |4 (oida®)  (oubety -
- - S .'__-ll g i 1 -1 _I.II
pr— 1 | —
e “ - - - - e | ﬂﬂ
— ..Il r & S — (- —— e g — —— '.l_
gt - - 5 - S S N PR O
— E——— el pus e —— —— i —— - — - ———_—
™ o v T A M AR | PR T LA Iy W - N -
| i ._J \ i _r_ i.._.__ .._‘. 3 Y __-. w..— wo ) -_4‘ \ r._._ . _-4 V —
" ik B L L S v . L 1 LA
' L i ! i L o ol i b
L I ] i o O |
0B 0L _ \ oF
Wi Wi ' i
ZdE D b7 IOY i LTS ™ g o ofwl
s — ) —— — — o — —— e e _—,— - - -
— e S—————
—— e e e e e g woiE
F i M ST 1 e Gaigee=3 e — —t—— | 3
i i : - e e e —
— — —— — P e - ;
— -.1'..|.|Il|I.I.-I| : s |-I|-| g E e i ———
= 4 ’ e bt b e e
1“ sty ,)I];lt:iiij.lttﬂtﬁ....iﬂr.ii NS A A Wiy _hr g we " — nﬂ | 504
————————— . e e e e L i —t - - = — _
- TR P e— =
e S s — — — - et =t |
A = = = J_ — (3 . |
- I ———————— . e e
: P T Hﬂ““u“lrll]l.l“luﬁll“n!! an _—— (35— _II"
LTS D 8% 43S €1 grmmrmietnel — — s —— e p— e B ES ES:E




‘leubis ay3y jo pul °q
‘uolso|dxa ayl j0 D13s|iajdedleyd uojjow 3yl jo puy -e

*eluaoj1|e) ‘auolsplon 3e Allediydesfoioyd paplaoddy
.cmacmxc_cmmc_m:.m_CLOm__mu.mcmvmmmmum >LuoEm_mu>nvva0um¢+

(A1 @l19elL ‘4 3 | S@InN ?@9s) -juelsuod 2aq 03] pauwnsse S|

jJuawniisul ayl j0 uoliedpjiubew ayy *340das siyl uy pasn jupld 3yl uy pajlasul UIIq sey
fuioes) puey e pue |BAJI3JUL Syl 404 pabewep-3yb1| SI S?AIydJe woly 3|qe|ieAe Adoo 131s2q ayl
¢pl10da4 2yl jO Spua 3yl suleluod €6:€1 3e 6ujuuibaq aded3 33 3yl jo uojjlod puod3s-06 YL

*%001 St sased

[le Ul J03dey 2|EDS 2y -3|qe|leae s3a1dod IAIYdIe 31539 2yl wouj padcnpoidaa aue sadet] on)
furulewas ayj -piodas uad payuy |eulbilo 3yl woly pacnposdas Si 3IW Syl 103 +q IdeJ] Yy

‘ws13s3a| 23 Iyl jo0 uoile|npow Aouanbaiy yb1y e se aeadde 03 suybaq wiojarem uojso|dxa 3yl jo
[1e3 2yl jo Buidysew 3yl abues syyl e Inq ‘JW 24l 404 | qiSiA a4e saseyd 6g pue b4 241

g6 " | q%°05

e/ll°¢ e5°92 74| 091 61 19 70°00:0€:41 L° L1 1'g6l Llz S6°1 ttoptt
91:0¢ © 9°10:61:41 S°60€ <°65 SwBL 9°0L 69 INVY i
STATANNCVA: T4 13 0 G1°00:€S:€L €°L1 L°l6L L1z S6°L €9 43T €I
e0Ll ©50C NMwmv |B21343A polJad-3ioys Aumuv eluloji|ej f2u0l1SpP |09
(W/1) (%) (s) () (s) (%) () (s w4 (o) (o) (wr) (o) (1W9)
wzy g wzy abuey ?ieq

4 MSeW SseW Jang w43y Ji@ 3I¥:suQ 71 uibidg

‘y 03 (9




(uiw) IWIL

e el e e e el i

r__iFli,._l |..L_.r.4:.1.1| -

%rl:iq._r.rl-\ .._.|._...Jii.r._1.__r.....-|.l.-.l. .._.J.-..||.1|.T|.r._..l.1 e

T .-1 | @ |

P
i —
i
. S
e e
e — cl————
e — e
-
e
1_[...1. —
e




“leubys ayy jo puz °q
*u01sO|dxa dYl JO D13S143IDL4EYD UOIJOW Yyl jO0 puz -®

“(A) 31981 ‘[ 3 4 S3ION 93S) -sjuawniisuy pue ujeb uy sadsuauajyip 03 3np S|

JW Pue 3) 3yl udamiaq sapniy|dwe uy Ajjaeds'p 34yl 00| 3O 403dey 3I|EdS e JB pJOdad sn|Als
341mM-10y |BulbBla0 3yl wosy pIdNposdds Ssi I Ayl J0y IBYl :%ZO0H 4O 403Idey 3I|Eds e 3e eutbyao
wity ww Gf 8yl 40 3I|qe|1BAR ADOD dAlyd-e 3S3q 3yl Wouy pao>npoadas si1 3) 3yl 403 I¥Idead 3yl

‘pa3ddi|> os|E SI 3J) 3yl 404
p40234 3yj -paddi|> Si p40d31 3yl Ybnoyl udA3 3|qISIA [[13S 3JE JW ayl a0y saseyd bs pue 64 ayy

‘judwnalsul j401Udg 3yl O 3Isuodsau poi1.aad

-140ys 3yl 3le|NWIsS O) A[|BD1UOIIDI|D paJa” (14 ud3q sey |eubis 3y “yN|W uollIels juacelpe 3yl
1e pa1ed0| ydesbows13ds pueq-dpim e wody ‘Ao|3xJag ‘eluloyi|e) jo A3 1s4aAun 3yl 1€ Aajawd |3l Aq
Pap40224 Sem 219y UMOYS 30841 BY] "3D1AIIS WOJ Y UMBIPYI 1M SBM AN-NW UO!IBIS 34l 3JW 343 03 Joldd

qeE | qz-4L
eq-¢ e9-gz 001 LEi 9°8E L&

#0°00:0€:41 §°9Z1 1°80E 2E€T 60°C ctoptet

7°89:6Z O 9°10:61:41 0°80€ L°LS wesl 8°L9 69 9%V 4l
qE0f 404y Lt 0 GL°00:€9:€1 T LZI 4 80¢ O¢fZ L0°2 €9 dis €1
Bo%l  eLLI (zdS) 1ed>1343A poraad-3aoys (AN-NW) epeAaN ‘eulp
(w/1) (%) (s) (s) (s) (9) (s) (s w4 () (o) (wr) (o (Lw9)

4 NSeW Sey anq wia3d] 419 3I3suUp 9 uibiag wzy § wzy asbuey aieq

1L 31e|d

IW
03 (9
37 (e

gz dnouy

JuaAg3

46

e R e e



¢l ®io|d

S e ey
o)
e ¢ ;
e e e ™
=

et

o Wad) L= 4 |
——(5dS8 / z@NL) @20 L T LS !

B .f L3
——— ,ZdS ANW B9 ONY &1 . e et i -

o — rd

IS L 0 T

N\ N A S\}?‘( (,725\5_('.{\).4(.(”( \'\ ’, .,.... .:..Z...\.‘ ..... o\r?(. ... . o e .

(B)winy

J— wWeal
= ZdS M-NW €9 d3ISEI

=3

1
€ z

(nw) 3WIL




*3JW 24l 031 J014d 3D1AI3S WOJ} UMBIPYIIM "D
‘leubis ay3 jo puz °q
-uo1so|dxa ayl j0 Dtlisiadldeseyd uojjow 3yl jo puzy °e

*(Al @1qel ‘9 3 § S?ION I35) “spoylaw

buip 10222 ui sabueyd syl O3 3Inp Je JW pue 3I) Yyl uIAMl3q sapnyt|dwe uy ssiitJedsip 3yl

©%00| 40 403dey I(e3s e je suolldiudsSuel3 J3PJOI3J uloques wody paonposdas 24  JW 3Yl JOy§
asoyl ¢%9°4Z JO 4030e4 €IS B Je sinoke|d ydeabo|| 1550 woay padnposdas ase 3) 3yl 404 ejep 3yl

‘padd)|> dae (egz pue e/z sadeu]) sjuauodwod 39 3yl 40§ ISuDAsuURI] pue |ejpes 3yl “"paIjsew aJe
swiojaAem uojso|dxa ayl 40 suoilJod J4931€| dYl ING ‘d|qiSIA 24 JW 3Yl J0o4 saseyd 65 pue 64 3yl

agh"l 45749
e60"¢ e€-z¢ 06 gzt 9l gt %0°00:0€:41 9°89Z 0°/8 6¢T Sl°C Ttoptct
Tz:0€ O L°10:61:4l % 01E 1°9S €46L S°IL 69 9NV 4l
qllz aylE T LE 0 S1'00:€S:€1 £°89Z 1°L8 04T 91°T €9 435 £l
BEEl 0Ll (1dS) @S4@Asuedsy poydad-juoys rtoptt
“eop°*
,2uou
q€lz 40SsZ TANAY 0 G1°00:€S:€1 £°g9Z 1°L8 OwZ 9L°C €9 d3s &l
ecel  eoll (¥ds5) leipeds poiraad-1Joys ctop°”
qEg "1 qs° %S
eco"y eg'yZ 001 gel 9l 9°Lt HO'00:0€:4l 9°89C 0°/[8 6£Z SL°C R
S°1Z:0€ O 9°10:61:41 %°01€ 1°95 €46/ S°1L 69 9NV %l
q0zz 9/LS7 IANAY 0 S1°00:€5:€1 [°99Z 1°/[8 04T 91"z €9 d3s £l
eggl e/l .
(ZdS) (e21343A polaad-iaoys  (337) Yein “spsA
(W/1) (%) (s) () (5) (%) (%) (s w4 () (o) (1) (o) (1W9)
4 NseW »sey ang  wadj 1@ 3I3suUQ 71 uibiag wzy g w2y abuey 21eq
€1 @leyd

3W

03 (9

37 (e
gz dnoJg

EL)

03 (9

3) (e
lz dnoug

W

b3 (9

3) (e
9z dnouy

JUdA3

48




P g Ry o

LS AT -nﬂ.....,“ € _i_tu_..p_

£l @iod
o~
<
—
%ﬁ}?{nﬁ.{#.f........r..h_._..__-...h...._.......J._.}.-...l-..........uur..n_._..ul.'.l.q._.._‘r... ..-_,.._...-l..l_p._..?...x.n.. ! . - e " : et L] .a_. .-. f.. -i! ur._{-.__-__-lrl.lll.l.l.i Aﬂ
i pEeD
ldE 7T B WY W " et Ut
_ _
i - (o 82
[1-E 1]
Al

_ .._. : 4 LTy _ o o
J_ ) ) ?.!l..a.{l{},ll__..ﬂ.ﬂ._ﬂ_J._-m_ __ i | .__e_._h “_._ﬂ.:i*._. _h!”../. In-_i. Pik

pod> rusies L

BF - e

uas WY 69 JTE & Al__._.l..l..-__

. _ . _
— 1y L DT " | D—I ‘[. |
H. ____ __r __F e ..__.._ .. Iy __.__. y h .u _
'
_ ..f:

_____ :; L% \ ___..r* .+_ — ;
iy .h.f , N i . u‘; d,.. iy

(9

_ —I

, '_f :.__ i __ ] _ i

_ : ! __ :_ "k _. . _._. *_“ _u ;“ | __m _____. ._ _ / i _/___
? S NTHR A

%%{iﬁff .

arp[+ sEoi000 wun
745 I v b

F
. S ST _l_..,5..1_.,.4“..._.__r__*.+._.._T..m_,__..__iﬂ_____
Ta% .-nn.m-nﬂﬂﬂm «l _ e _

£ L
fulw) IJWIL i

(o 92




*2|1qe| 1eae
24e S,3) 9| QqeIINS WOJ) SIDEL] Ou 1A|JUID3L A|BA1IE|DJ PI||BISUI JUIM SIUBWNIISU| BSdY)

‘€| °"ON @31e|d uo uaAIb ElEp pOlJad-1i0ysS 9yl wWoly palewi1lsy

“(Al @lqeL ‘9 310N 39s)
*2001 40 40310y 2|ED2S B 1B SINOAE|d J43p.0d3J usOquUES WOJ 4 padnposdas Iue elep Iy)

"3W @Yy3 03 anp |eubis Aduanbauy-ybiy ayi jo aduspiald Iybijs Afuo si aJayl pue |[3M

saseyd 65 pue 54 yead 3yl Moys j0uU SI0p (QOE dde4}) pIOd3J [EIpEd puBRq-IPIM Y] ‘ISedIuod Uuj
‘ydeabows13s jjo1uag Yl wody (Q9Z @de4]) pJOD34 | €D)1343A polruad-340ys 3yl yilim pasedwod 2aq
PINOYS yd1ym (qEZ @2€4)) pJoda4 pojdad-3loys 3yl 404y 2|qisiA duse saseyd b pue byg ayy

Z6 ofl U gt
12:0¢€ “eop-
(4gM) lei1pes pueq-apim Trop--
+€€°¢ <0t 6 ofl (LI 8¢ H0°00:0€:H1 9°89C¢ G°lg 6EZ Sl1°C Ttop-c
1z:0€ 0 9 10:61:41 H'O1E 1°99 €46/ S'IL 69 9V #1
2081 =0f£1 auou
(00€-81) (e21349A pordad-3Jioys  (337) yein ‘spax
(W/71) (%) (s) (s) (s) (%) (s) (s wou) (o) (o) (wr) (o) (1W9)
3 qseW ysey anqg waa] J1g 3I9sSUQ 71 uibiag wzy g wzy sbuey Y aileq

7l 214

E L] A

D3 (9

30 (e
o€ dnoug

W |
03 (9
37 (e
6z dnoug |

JU9A3 k

50



¥l ®4o|d

WA A A o

}

_1 _._

(G4 P 0y
.»G& sopyd UnaNUe

r

@%

\,_E_{,.w il m_fif. %.. &.z 35?.,.{.!!!!11 (9 o€ |

y

wn

é
WGN I 9 90Y S i e o
" on:Mm
| - (as)s _ II—
{
‘193 (3W)S —l —
i © (s
1 )
: ! . - »-\ [ 1
g ......_..,. . 0 _. _~.< te, N . -..n.
PARAON NSNS [N e A R f R A I SRR ) LIS T (9 62
....—. ...._.. ..,. , 3 ........_... ..s..... r..:;....
: il g b . . ' i ¥
20%fuo ZE00000 P "N . K ' b :_ i
L i X H
-8 TTT b9 WY M ! ‘G (Bdd (DI Iﬂ."—s __

€ z i 0

(uiw)  3WIL

S




(A @19¢eL ‘9 210N 295)
“%00| jJ0 403dey 2|EOS B B sinoAe|d 49pa0da4 uJloqueg wouy pasnpoJdal 24e elep Y|

*(qZg¢ @de4]) pJaod24 |ED13JIA 3Yy] ueyl Ald4ea|d aa0uw
saseyd 65 pue 64 a2yl smoys (qE€€ @oea]) p4od3aJ |ejped 3yl ‘ejep pueq-2pim 3yl jo ased
ayl uj -sapnii|dwe xyead J1ayl jJO sawil 2yl e juasasd si |eubis Aouanbauy-ybiy awos

ybnoyije ‘saseyd 6g pue 64 2yl A|Jea|d> mMoys J0u sSa0p (q1€ @doed4]) paodau poldad-3jaoys 3ayj

-a|qe|1eAe 2B S,3) 9|qeIINS WOJy $IJBU] Ou AU A|dA1le|3J4 pa||eIsul Sem uollels siyl

L8 gzl €€ Y
g0:0¢ O --op**
(¥gm) Leiped pueq-3apiM “cop**

z8 €71 €€ L
g0:0£ 0 aggpit
{Z8M) 1€<13J3A pueq-spim “eop-*
[AS Mm rAS m.O: :0.0ouomn:— §°602 w.:N N:N [1°2 <-op-”
g0:0¢ O 9°10:61:%1 T°60€ %°9S5 LOLL #°69 69 9NV #l
auou
(005-g1) 1€21149A porJad-3ioys  (AT3) eperaN ‘A3

(1W9)
ajeq

(wr) (o)

(W/1) (%) (s) () (s) (%) (s) (s w49 () ()
abuey

4 }SeW dSeW Jng wJdj 14 3I¥SUQ 71 uibiap wzy g w2y

g1 23e1d

IN

03 (9

37 (®
¢¢ dnoug

3W
03 (9

3) (e
z§ dnody

IW
03 (9

30 (e
|§ dnouy

JUDAJ

52




Gl ®io|d

(uiw) JWIL

t : .
1
(5a)a Puwusy €01 (v s smeuue _|| —_ 0
I'AJ% N
i i o . i T . )
Noa n R ' )\ “ ; ayﬁ) 1 3 .... ...\. .sq—.s e ,..{ .. .: i a‘A.. n.... .n..1__ :
_e_.._._i__.e__. W ...c,_,.‘____..{e. (3_\: Y 5 ¢ _Zr } e_j,., W .y_ ety Mo ity A S _...:».Z.. M ,__..?__,.?. 1 —
y » . .“. v R 5 ok \ o i 1 ~. ) .- ...k.cs i TR S _:__.\.. L
. ! 3 ! : UK Y x vt ! i e .. ) . ! ¥
....n_..u.&l s = o e \_ ‘o
ATd by WY ¥ ' Guls G loald
.
. _ 1 _
[\
(usds pouse coy ‘() wweud smovaue e
f (oaa® ]
. . ,
' i T 8¢
! S . . . t » ’
)(~ ) ..s 1 s .u« . .'. O w . i 0 .... v - . . \ TR T L ». :
/2\:\. r/?" ()Sferr <:_:z. .s\s .:J .P f.? Wi »._.g b Wik .,... A ...«n.‘........,,.......,..x... g Vo x._... 0 o eres (q ze
v ; 'a B b R I I SURE AT S TN SRR | [
C . DRI ‘ Lo [} id | j v , \
4 ] ’ [N
205w 0190000 e t ' ! : ]
IA/M ATT M9 BV A qo — : .-3?5&. L $ ’. e OB
— e L_ J (e ad ]

(b e

. b,
AMNAAANAA S v A A ..:.f .,:...n.. s e
VAN )iis?\zxs.?é..?r«?i RICHA J..; 1 \.,., 1\,.‘ ._ ;.,. fx # .,, 3_ .:¢ Rk . . ?\ o C <>..$... i WL (9 1€
- __ L _ ;_ 1T
u“\.tu 76 6€ 0 5\0«— 1 (3)5 .uanutr AGMVFW Agn.l (3)d

[

QOE-§' AT b 9Ny i
| _.l I—




(W/1)

(%)

“an|eA paiew|lisy wx

“21qISIA ION ¥

*(32v) #9611 2unt L 40 uojso|dxa 3yl woljy p40d234 3yl Aq paoe|dad
si| 31 ‘@|qe|leAeun st £96| 4°quaidss €1 30 37 Asewiad 3yl woly aoedl 3yy

*(Al @tqeL ‘11 230N 295)
-spJ40234 Ylogq 140j UBISUOD 3q 01 pawnsse S| juawnJisul 3yYy3 30 uoijeoyjiubew ayy °%001
jo 40310ey 2|€OS B 18 a|qe|teAe sa1dod dA1YydIE 1539 3yl wody paocnpoadal aae elep 3yl

-Al4ea |2 pauwadIap 2q jouued {eub)s ayi o3 uojlje|3ad 413yl “ (g4t aoed)]) 3IW 3yl 104
3|q1siA aJe siyead suwos ybnoyi|y °"21Qiuddds)p 3Je 3) AW\ 10 wiaojanem 3yl jo uoylaod
i4231€| 3yl pue sawil 3I3suo 3yl Ajuo ‘3iqe|ieae Ados a2yl jo Ajijenb J00d a3yl o1 3ng

* # welt ® %0°00:0€:41 67181 8°1  8SC [4 4 Ttoptt
£€0:0¢ O 9°10:61:41 9°80€ 9°95 019L 5°89 69 9NV #l

(g LLT Lt 04 S [z- §1°00:S4:91 1°281 0°T 65T €€°Z ®9 NNr LI
(ZdS) 1821349A poi42d-1404s  (¥N3) EpeAaN ‘ex34n3

(s) (s) (s) (9) (s) (s w4 (o) (o) () (o) (1W9)

4 dSeW NSewW ang  wid) 1@ 3I3SUQ 31 uitbiag wzy g wzy abuey ¢ 21eq

IW

03 (a

37 (e
#e dnoay

JU3A]







*(A1 2|qeL ‘E SION 33s) ‘uad payul ue Aq paglaosued)
Sem yd1ym p4od3a4 wnip |euibiio 3yl woly %00| jO 40Idey 3|ed>S e Je paIdnpousdas s) Idedy ayy

‘punoj 3q p|NOd SPJ40D234 J|qelIns ou IsSNed33q p3IJ{wo dJe 1) Yl 4oy SIdeJ]  ‘ws|ISI|3I Y1 03
309dsas yiim Bulwil s31 03 3Anp sISisaad 3| ‘uolso|dxa ayj wouy IdULISIP |e4iuadida syl e
3|qIua3dsip s! 3W 34yl jo 3seyd ug Byy "3[qIStA Aldea|> 3ie 3JW Yyl jo saseyd 6s pue b4 ayy

€9 sol St 4.1 %0°00:0€:41 8IS ZT°€€T €LT SH'T ctoptt IW
L0:0¢8 !l 9°10:61:41 @°'80€ ZT°09 TOLL €769 69 9NV yl 03 (a
auou 37 (®
(2dS) 1e21349A poyrsad-3ioys  (V¥SI) elusogi|e)l ‘e||ages| g dnody
(W/1) (%) (s) (s) (s) (5) (s) (s w4 () (o) () (o) (1W9)
4 MsSeW sen ang wid) 41@ I3sUQ 71 uibidg wzy g wzy sbuey aleq JUaA3

56

Ll ?1eld




(unw) JWIL 4

¢
E ——— W - & Ly = Tt T =
£ .-.......-..I__I|I.|d|..l.| [RF}-'!{JJ\{I.‘{I-I[!JJI; AR [ g s iy e i i.:_unﬂ.._dl
. b (L NIRRT, A T e
- - o = : SR IR ; :
e e e s e iy




“1eubis 8yl jo puz °q
"uoiso|dxa@ a9yl JO D13siJlajdeleyd uoljow ayl jo pujy e

(Al @19e1 ‘4 230N 29s) -awes 3yl aq 0l pawnsse
S| s32B13 yloq J0j Jusawniisul 3yl jo uleb ay] -ZZ0k JO J01dey d|EdS € je s|eulblao
wilj ww G§ 3yl 40 a|qe|i1eaz $31dod 3AIydUEe 3IS3Q 3yl wodj padnposdsa ade eljep 3yj

*3W pue 3) 9yl uIIMIBG Al 1J2[ WIS BWOS MOYS SPuUOIIS Qf| PUOAq

s@deJs3l 3yl j0 suojlsod 3Y; “3IW Yl woly Iseyd ug Yl s)sew (aseyd-4 ujew 3yl Jajje
Spuod3s Q7 A|2jewixosdde) ws|as3a|331 3yl j0 aseyd 4s ayl jo [EAfaae BY] “3|qe]lj|iusp!
24 3W 3yl jo (saseyd 65 pue B4 ayil) oml Ajuo ‘3) 3yl Ag umoys saseyd a4yl 3yl 40 |

9941 99°89 ‘
e€h'y  e5°ZZ L1 ogl gl S°TH H0°00:0€:41 O0°4/Z 1°26 88T 65°2 “toprt EL] |
S HZ:0€ O 9°10:61:41 L°OLE 0°95 966/ 0°ZL 69 9nv #l 03 (9 _
QLY qo8YH S Ty 0 G1°00:€S5:€1 1°%/Z 1°26 06Z 09°Z €9 d3s €1 37 (e L

®LLl ®olT (ZdS) 1€31349A po14ed-31045  (LN-Ny) 4ean - qeuey g¢ dnoug
_

(W/71) (%) (s)y (s) (s) (s) (s) (s woy) (o) (o) (wit) (o) (1w9)
4 dseW dsewy Jang waay 1@ 319suQ 71 u1biag wzy § w2y sbuey Y aleq JUdA] k
i

gl 2ieyd 2 (




81 @iPid

O~
[T ]

(uiw)  3WIL

——
4+~
..r.p.
4
-4

ng .Y e —_ e . T A O

.L..l).g \. » .‘. D B .s.l.-- ) -/; - \. (.... \ \: ‘e .. h.. g. .. .. . f R 3 = ) ] N s. g

-
0

N
REARNRERE

e

41
..&I
'

kX
9
o
i
8
3
T

Z4S 10-0% b9 NV i o

J s
ad -— 3 T 3 i - 1Ty v L

\.(){f.x.f(??..(\...\.:../.. .\f.\).-f .l... ~J..)_/ ... ..'. * P o .s - L 5 ' e . f N - - > 10O¢ Ao 3
1 1a Sehend A . 1] ] 3 -

: = ; 3 -
(Dwaaz 5 8 5 % : AMUV.M ; 3 Ak

XdS LN-NX €943 €! i




-3W 9yl o1 painqiilie |eub:s Aduanbadsy-ybi1y syl wosy pajew)lsa s3an|ep %
‘jeubys 3ayi jo puz °q
-uo1s0|dxa 3yl JO D13s1d3IJeJeyd uojjow 3yl 4O puy e

(A1 21981
‘] 230N 23s) °S37€41 yYlOq 40 |enba 3q 01 pawnsse s} JudwNIISUl Ul JO uoi1iesiyiubew ay]
%001 40 401dey 3|eds e 1e s|eu1biio saded diydesboioyd 3yl wosy padnposdal 3Je erep 3yl

*9{qiuJadS|Ip 94B 3JW 9yl 104 s3Ipniy|due
jead oy -aseyd 64 3yl JO Swil |BApJIR Y] 103j (SPUOIIS G°6Y) ANieA 3|qel 3yl JIjje
ws 1959|231 9yl O uoije npow Aduanbauy-ybiy xeam AiaA e siI JW 3yl 40y uol3sabbns Ajuo ayy

¢/
n_mmm €9 +80L Of =Sy 70°00:0€:41 2795 8'LET L6Z [9°Z rops L |
G0:0€ 0°0€ 9°10:61:41 9°80€ €°09 4.5 1769 69 9NV ki b3 (9 h
qQHEZ 96L2 S hy G°zZ SL°00:€S:€1 6°SS 9°L£Z 96T 99°T €9 d3s £l 3) (e .
501 e0S| (ZdS) 1©821342A pOLIoa-110YS (AQM) e1ua041|®) ¢ ApoOM Lg dnody w
() (s) (s) (s¥ (%) {s) (s woy) () (o) (wr) (o) (1W9) k
NSey anq ws3a]  4i1Q 3I3sSUQ 31 uibiag wzy g wzy abuey ¢ aieq JU3A3

60







‘3w 2y1 01 painqiaile |eubis Aouanboauy-ybiy 9yl wouay pajewilso SIaN|EA B
*1euf;s ay3 jo puz °q
‘uo1so|dxd 9yl jJo D13S1JIIdeseyd uoijow Y3l jo pu3l “°®e

*(Al 21981 ‘| 310N 935)
-s7e41 JO Jled yoed J0j |enbd dq O) pawnsse sy juawndisul yoed jo uojlealyiubew ayy
*%001 40 4010ey a|edS e 1@ s|euibya0 saded d1ydeabojoyd 3yl wouy poonpodadaa 3use elep 3ay)

*2{qeljiiuspy aae 3Jy Y3 340 saseyd
ON °37 9yl jO sapni|dwe ead ay3 403y SdwW) Y e ws|Is3|33 243 jo uojle|npouw
Aduonbaay-ybi1y 3eam AJdA S| Suollels 394yl ||e I' IW 3Y3 104 uoyisabbns Ajuo ayy

9n° 2 9°0% :2G& 061 Of *9S 20°00:0€:41 #H°8T 97607 ¢€Lf SE°¢ ccopt-” 3W
S1:0f 0°4- 9°10:61:41 €°60€ 119 €£8L S°0L 69 9NV 4l b3 (9
091 SIZ 14 Lyl H1°00:€S:€1 Z°8Z £°607 TLE SETE €9 43S £l 30 (e
(ZdS) 1821329A poydad-1a0ys (oMW) erusogr|e) ‘uos|im Junol o dnoJ9
qQz9°¢ 498°6¢
e/9"/L e0'€l %001 =SSl 9¢ GG #0°00:0€:41 €£°8l 1°661 1LE HE'E ‘rop*” EL]
61:0¢ 0°92Z- 9°10:61:41 9°60€ 6°09 [68L L°IL 69 9NV #lI b3 (9
q991 q12Z¢ L 4S 9°€z- SL°00:€S:€1 1°gl 886l 1Lf €E£°€ €9 43S £l 3) (e
S5 =6l (ZdS) 1®21343A poiraad-jaoys (YAY) e1udoyi|e) ‘Ipisdanry 6§ 9no49
rAAN 3 0°Lf =08 =SEI GH =98 H0°00:0€:41 €'y 0°9ZZ 09¢ #HT'¢ Tropc W
$°60:0¢ G°6- 9°10:61:41 §°80¢ 0°19 gZLL §°69 69 20V I 03 (9
911 08l 7S 6°0 S1°00:€S5:€1 14y g°GZZ 09¢ €Z°¢ €9 d3S €I 3) (e
(Z45) 1©21343A poiiad-34oys (214) eiusoyige) ‘uola] 1404 g€ dnoug
(W/1) (%) (s) (s) (s) (s) (s) (s woy) (o) (o) (w1) (o) (1W9)
4 SeW sew ang wad] 410 19suQ 71 uibiag wzy g wzy sbuey Y aieq JUdA3 i
0z ?1e|d D]

P - A . e, N S T es: 1L




0Z ®ioid

(utw)  JWiL

—Trs

0 L LA T T .
i s et rmmiin e P o e 1, e 2 et e W R
- -

Q- .34 - _
TdE DM b oWl T ot

YU

35.;! i1l ==

L5 —— 4
4T WA BT 215 B 4 -

o i —— i — —

TS WA FT WY M

-
. T — e — A — S — =~
s, —— S ——




3w @y3 031 painglilie uoille|npow Aduanbaiy-ybiy syl wosy pajew}3iss san|eA

s
3

*(A1 2(9eL ‘9 310N 23S)
%001 jO 401oey 3{EdS E 1B SInoAe{d 13pi0d34 uloques woly paonpoidas ase eiep 3yl

-Aj1e9|2> 3sow aseyd b5 24l sAe|dsip (qfy @oeu)) 3juauodwod

|[eluoziioy 3yl 3| I1ym ‘3IW a3yl 03 3|qeinqiille jeubis 3sea| 2yl Smoys (qzy 2ded])
Juauodwod |B31349A 241 SPIOdIJ pueq-apiM 3yl J0 " (9lh 9oeJ4]) 3judauodwod pot4ad-31i0ys
syl AQ umoys s! uolle|npow 3IsSOW Y| ‘saseyd 65 pue 64 @2yy 404 sapniyjdwe yead ayl
4O Sawil 3yl Ie ws)asa|al ayl jO uoliejnpow Aouanbaij-yb1y e moys spiodas a34yl ||V

a|qe|leAe a4e 5,37 2|qelIns wody SIdeS] OU A[IuadaL A[3A131e|3J P3| |BISUL Sem UOIIels syl

¥19 =42l ¥€9
€£°45:6Z 0 cop
(4gM) leipel pueq-3pim ~eop-*

269 4! %59
€ 45:62 0 g
(ZaM) 1©213J43A pueq-3piM --op**
%09  =ntl 49 H0'00:0€£:41 T-491 6°w4E LLE 6E°€ “eop*-
£°45:6Z 0 9°10:61:41 @°L0f §°SS 19yl ZT°L9 69 INV %l
auou

(00£-81) 1©31143A potiad-3jioys (NWg) epeAaaN ‘ulelunoy 3|13eg

(W/1) (%) (s) (s) (s} (5) (s) (< w y) ) (o) (wi) (o) (1W9)
4 SeW Sew anq wia] 3419 3I9IsuQ 71 utbirag wzy g w2y abuey Y aieq
¢ @31e|d

EL
03 (9
32 (e

€N dnouay

EL]

93 (9

30 (e
Zy dnouy

3W

03 (9

3) (®
Y dnouay

JUBAY

64

4
BT T e, | raL—— TN TN SRR ""F}"I‘L



" e ¢

l¢ 3io|d
(ww) JWIL
_ ﬁ:unm
i
H
§ 1 D '
WA .:ss{:s,.,..n ...& ey N e 2;,. i,
A 3 ' [
E!“..“truoﬂn " e ..aﬁ:?_ ™ (31)d 3

. L

u.: ﬁ.\\.. 4 \........
}ee/x ,\/ 3%« e ,ﬁc.q.;i...,

/N,

P
tE; 3

208 m> toooooQo . .—
T8N NWE b WV i (34)§ o (I

L L

M AN AN WA A (AN AL 20 N W

(a\.: f /

o ]
Bnuﬂ.\....o. hmoﬂi 3« w ‘®(3W)S ‘re> G:r._

' -




croeupiP

"3W 241 01 painqlille |eubis Aduanbauay-ybiy 9yl wouy poalPLIISI SIN|BA i
*JU9so.d wWI0}dABM UOISO|dXD D|gPIj1IUdpI ON °D

"leubis ay3 jo puz °q

‘uO1SO|dxd 3Yl 4O D11S14331D0BJIEYD UOIIOW Yl 40 pu3l -e

“(A) 21981 ‘Z 3 | S910N 29s)
*s9o5e43 jO Jied yoea 1oy |enbd 9q 01 pawnsse 2duE sjuawniisul 3yl jo suolledijiubew ayjy
*200| joO 4101dey 3|EdS P 1€ s|euibiriso saded oiydesbojoyd 3yl wosy padnposdas aie eiep aYyj

*9|qe1j11uapl 2ae Jw 34l 40 saseyd oN " (qlh ddeay) p|d1jAey 404 paod3da polsad-jioys 8yl pue
(A94 pue qGH sadedj) euadpesed J0Oj SPJ0OD3s porusad-buo| ayl uy sseadde yoiym ws13sa|3I Y3l 40
uoile|npow Aduanbauay-ybiy 3xearm Au1dA B S| suoilels yioq 1e 3JW Ayl J0j uoilsabbns Ajuo ayjy

qge | qz°SL
BES I e5'99 gt w641 UL 40°00:0£:41 4 4SE ("wL1 SB8E 9n° ¢ Trop*tct W
92:0¢ 0°6- 9°10:6l:h1 #H'01E Z2°09 1 /08 'zl 69 9NV 41 03 (9
€Sl 980Z 62 £:589 8701 SL'00:€S:-E1 1°%SE 6°€L1 98¢ Ly g £9 43S €1 33 (e
oL ®59 (Zas) 1€51349A p0149d-14045  (AVH) ©1UI0J1(€) P |a1JAeH Ly dnoJy
w2l 0%l %89 IW
SL:0€ 011 troptct 03 (9
(M3 d1) 3s3mM-1se3l pojiad-pHuol cop-* 94 dnou9
2L %05l 8L #0°00:0€:41 1762 H'0l1Z SBE 9n°€ "rop*: W
S1:0€ 011 9°10:61:41 €°60€ T°19 0fgl S°0L 69 9V #I 03 (a
(SN d1) 4inos-yisoN poisad-buol Trop-tct G4y dnoty
> b > h0°00:0€:91 |°62 0!z 98¢ 9h°¢ Troptct IW
71:0€ 0711 9°10:61:h1 €°60f 2719 0f8L S"0l 69 9NV % 03 (9
L6 £S1 2w 95 1°€2 S1°00:€59:€1 6782 1°01Z %8¢ 94°¢ €9 435 €1 37 (e
(Z4S) 1e21348A potuad-3uo0yg (Svd) etuaoji|e) ‘eudpesed % dnoup
(Ww/1) (%) (s) (s) (s) (%) (s) (s w4y () (o) (wi)  (,) (1W9)
4 Nsew sey anq wiadj J1Q I9suQ 31 uibrag wzy g w2y sbuey ajeq JUBA] I
Z¢ 21e|d 2



¢C 3io|d

.II._I 0= 2L
I-ll._...u TdS AVH b9 W B

> e W 2 - wm -
b WA - B i, P Sy B g T“ﬂ v, i, S A o

L e AT A AN AT

- = - R A ..

i o e .i!...l\t..}...uflr\-lt‘inl.....f-!. A I g g
eIl e e 1 Pt :

N R " e Crge—r i ara

el Ii g T !
ey
4 e

™ i e g,

< a e e ._t......t\

I.—I_LI.HJ
LT T— " _ Wt kg %
= — - e et e N i e g ,..5.._.._&4;...:‘?;!!._:
— 5 - o ;
[984-) BN 3L - ™
rﬂw AT Sl PYY B S ; B o —
S ) ...a?.aL__ 1 (B 1 #.E‘m .“_-.J
\ B byt L vigt N L T LI T im0
it o i fa s A 1 Py oAl e .
A o = o i e
e 3 R mpcer - R A LS - — = —
ﬁ” h.ln_.f“_-ul.'_.h_rﬂ: = g |-I - ..Iunl s e i nzu..l..'. —
o m r € 4 i o
3 4 {ud)  JNIL o
| s mige | oadd
_ _lu.:.twﬂ " ._“-“ui. Ll "
' -~
' it . ] * .NJ
Ve A o P e i bl i Pk el A vt - r e S e i M—
i —— —— 2 L. l-l III.-I ﬂu
—§ o — A _ o ;
= e ol = = . 71 = ﬂ
— A uds Svd bremvmi - : sl 1= LN
e g B a g iy ....—.11...........1 .ir.nu._...ll. B T g -ll-..” d

o7




> O = o

q.5° 1
e66° |

(W/1)
4 sen

£Z ?3eyy

L€l "d ‘(0/61) swepy pue uiddeq ‘eapueyy |
“leubys ay3 jo puz g
"Uo1su(dx3 3yl 0O D13si1i3IdeIBYD UOIJOW BY] 4O pul ‘e

*(A1 @219e1 ‘L 230N 235)
*s?@ded] yijoq Jcy |enba ag 031 pawnsse sy juawndisul 3yl jo uolledijiubew ay) -00| 30
Joldoey I|eds e e sSpa0dAJ sSN[A)s d4im-Joy |euibiio 3yl wosy padnpoadas aue sadeay ayjy

.8Jn

.gan(3")s Aq pajouap £ES 11 3

(3W)d Aq pajouap 0°g0:1€:4l d
:3W @43 03 siasuo buimo||oy
ay3l paubsse (A213%43g ‘erusoyie) jo Ajisaaajun 3yl e uorlels diydesbowsiag ayy 39
9yl jo Jeyl o3 A[3sO[d> AUdBA Spuods3asu0d yoiym sapnii jdwe yead jo uisaljed e smoys 3Iseyd
6S 9yl 3|1ym [eubis Aduanbasy-_ybiy e se a|qIsiA A[|el13sed s1 JW 3yl 404 Iseyd 64 3yy

*Pasn s! 696 Yd4EW g JO BPEADN UJIYINOS Ul JUIAI DIWSIIS Y] WOJLy 3IdBs] IYI ainIsgns
® sy "3) AJewrsd 3yl jo dlep 3yl ‘€96| 42quwaidag €| 431je pI||eIsul sem umolsawer

q98°¢9
eE 05 UL ahi 89 %40°00:0€:41 4 101 1°w8Z 96¢ 95°¢ Ttop-
0°15:62 0 9°10:61:41 T°L0f €°6S gOHL L°99 69 9V I
q€1z 90lz 99 LS 0 L c0:0%:41 9°001 €°€8C 104 09°¢ 69 ¥VW gl
B5S1  eziz Z T
dS) 1821343A poisad-14oyg (svr) etuidojie) ‘umolsawer
(%) ) L5k @) (3 (%) (s w u () (o) (w) (o) (1wW9)
ysew ang  wad) 41Q 1I3Isug 71 uibiag wzy g w2y sbuey aiyeq

3W

03 (9

30 (®
gy daroJg

TETY

68



€¢ ®ioyd

{unw) Wil

JR

TdS =S¥ b7 O0F &




“JW 24l 031 painqiille uoile|npow Aduanbaiy-ybiy oyl woly pajewisa san|ep 3
*leubys ay3 jo puz °q
uoiso|dxa ayl jo D131s{1Jd3IDEJEYD UOIIOW BY] JO puy “"E

*(A1 21981 ‘L 3 € ‘| saloN @9s) “saded] 4o J1ed ,uea J0y

pawnsse S| juswniicul YdEa j0 uotledyjiubew ayy %001 S! SIsED || ul JOIdEYy 3|BIS Y]
‘p4od24 Jaded uad-padui |eulbido a2yl wody usxel s JW Yl 4034 eyl a|iym ‘piodas aaded
s1ydesbojoyd |euibilio 2yl wosy podnposdas sy 3) 341 JOj ddeJ] 3yl Jewoled jJO IsSeD Y3
U] "Sp4o2a4 sn|Als aJdim-joy |eulbi40 3yl wody pednposdas dle 31s31d4 404 SI3EJ] 3BYL

*33 9yl Joy saseyd

65 pue B4 24yl jJO sawil 2yl 1€ aded3 au3l jo HBujusxysep e se bujseadde ‘3|qisiA Al24eq
pue jeam AJOA 24€ SUOIIE|NPOW 2yl Jewo|ed jO 3sed 3yl u| "31s3ydd 404 wsiasa|al 3yy jo
suoile|npow Aduanbasy-ybly se 2|qisIA A||eriaed aue JW 3yl 40y saseyd bg pue bg ayj

q999° | qZ°09
e16°¢ ey hE w28  #G%l +£9 $0°00:0€:41 G°6 0°061 624 98-t TTop*tct
£z:0€ 0°11 9 1061:41 0°0l1E 1°19 086 8 1/ 69 9NV 4l
9902 989¢ 6¢ 9°19 9°Zl- G1°00:€5:€1 €76 8°681 624 98-t €9 d3s €I
esei el8l (zZdS) 1e21349A poydad-1uoy ¢
) 2 = S (W1d) eiuaoyyje) ‘Jewojed
85" | a4 €9
e6h "¢ ez 0% /9 +Enl 9L %0°00:0€:41 €€/ 0°95C (L% hg8°¢ Trop°e
§°L9:62 O 9°10:61:41 8°L0¢ 6°09 L1ETA 9°{9 69 90V 4l
S GCgl  9%HT %9 29 0 S1°00:€59:€1 T°€L 6°99C SZh 28°¢ €9 d3S €!
ezil ewll Z T
dS) 1e21342A poyaad-3Joys (19d) erudoyi|e) ‘Isatdg
(W/1) (%) (s) () (s) () (s) (s w 4 (o) (o) (w1) (o) (1W9)
4 SeW Sew ang waa) 410 33suQ 31 uibyag wzy g wzy abuey aleq

e d1eld

|enba aq 031

EL

03 (9

3) (e
0g dnoag

EL]

03 (9

3) (e
gy dnoug

JUDAJ

70




¥Z 2iod

71

(uw) JWIL .ﬂ.
4 i _

(9

e e e o — - : » _ N \\_
—— sgm-3L T TR il Jot— — 2 SR e co:6 48l
— TdS Wld E743% €I s P 118 ———— - .|I|II.|_..-..’. —_— :

o =
AN AN AN AN AN A N

: _. ¢
== d
74S Tid b9 oW ¥l W} I(lll._-c..m.gnf ]g 00:0€:W™ __

‘xl.l- s .ty
AQEUU._—
— — o (o 6%

o - F — 00 €5 €1 a
T 2dS T4 E9dISE! (IS = et iy ¥ a— ==

¢ ¢ () INIL -




*9|qISIA Wi0y3ABM UO IS0 dXd a|qez1ubooaas ON &

(A1 d19el

‘ZL 3 |1l s210N 93s) °sa8des] Ylogq L0y SWeS 3y S Jusawnaisuil 3yl 4o uollediyiubew

3yl °"%00| @4E Ssaded] yioq JO4 SJOIdey I|edg ‘paoOdds isdded syydeabojoyd (euibiio syl
woJdy A[3195341p padnpoddad si1 JW Yyl 404 Bd5B43 BY] °pJOId.s saded diydesboioyd |euibiao {

9yl JO sdAlyoue wody 3|qe|ieae AdOD 31sa2q Byl woOuaj psonpoadal si 3J) 9yl J0j 9dea3 ayj

*9|qiuldadsSIp 94 JW 9yl JO 3J) 8Yy)y 404 saseyd syl 40

SUON "pBaJ 3Qq ued W5I3$I|SI BYl 40y IISUO 3Yl A|ug -juswniisul 3yl j0 (MOOH) uleb
b1y 8yl woiy palINSdL UJIN] U] YDIYM WS13SD|93 Y 4O SUOISINOXd 9yl MOYys O3 uoilsod
|e21349A o9bue| e pasinbaus g96| Isnbny | 404 paodas ayj -sdwe|d wnup BYl 4O SMOpeYs
94yl woJdy pa3I|Nsas gl:4G:f| I8 bujuuibag 9oce43 9yl 4O uo:luod ue|q 9Yy] "I|qIULBISIP
9JE WJ043ABM UOISO|dXd 3yl 3O uoilJod J4931e| BYI j'Ue awil 3Iasuo 3yl A|uo 3) 3yl 404

@ % 3 #0°00:0€:41 0°12Z 0°6E Oy S6°¢ Treptt EL) ‘
Z1:0€ O 9°10:61:%l 6°60f #°€S 69/L 6°69 69 9NV ki 5 (4 A. |
SST  0ZE 45 9799 0 SL'00:€S:€1l Z°1ZZ T°6E o4y 96°€ €9 d3S €I 32 (®
(Z4S) 1821343A poraad-31a0ys (9na) yein ‘Aembng |g drosg U
(W/1) (%) {s) (s} i(s) (%) (s) (s w oy () (o) (w1) (o) (1W9)
4 s sewW J4n@ wad] i@ 13IIsSug 71 uibiag wzy g wzy abuey 7 aieq JUBA3

72
e g

9 @le|d




e
s
>
S

Plate 25

D
=
L e
W o
T g

Ry -

A

P gl g

. g, Py e A ol S i

e e .
B i e )
sy el

b

i

i -

e -lw'_w“ﬂ!--l'ﬂr ~
A s s g g P IRy 1 78 TN T Eof T e Y et [ A 8 R iy
“ e G i Ao AN — A -Mfkﬁuh"'ﬁuﬁumt* T g &
-
) L)
- Rartrogs M- P

R

g™

ey

7
TIME (min)

s hh-d-w*'.

anillg

it

P
o

Bt ngtt e
I D s
e
M

LA
i i g el
(A
- a*
g T e
. . g iy B s

¢ {
{ ;
nift (Nt |

’ ]
.-‘-...\;t; ; 1* Ay AFNY
o s . b } 1
Y l {33 1 ‘ ? !{é’}, 41 3
’*‘* : !
i _ {3
HRY: G

41} : - 3

'Fi-t 1’?:‘?{'51;‘:5:-%.&,!‘5 ?} 1*




"3W 2yl 031 painqidile uorle|npow Aduanbauy-ybiy Byl wousy pajewiIIsa san|ep %
"3qISIA wiojaABM UOISO|dXD ON +

: ‘leubys ayi jyo puz -°q

"uoiso|dxa 3yl 30 J131S14d1deJEYD UOIIOW dYl 40 puy ‘e

(A1 2198y ‘0| 3 £ ‘¢ ‘l S2i0N 93s) "3Ise| 3yl 404 %01

pue sadeul ¢ 31suly 3yl JOy 00| °24e $4012€3 3|eds 3yl -uoliIeIudWNIISUI ul sabueyd o1 arp aue uollels jse| 3yl

4oy Ipniy|dwe uy s3aryidedsip 3Yj] | 21B|4 UO UMOYS IJE YdIym JO sa1dod> ‘jeulbiio wily ww g| 8yl jo0 abew| paidal

-0J4d 3yl woJdy pald241xd buides]l puey e 4o uolidnpasoloyd B S1 JW 241 40j) pJoda4 3yl IpJodda sniAls adaim-joy |eurbilo ayj
woJdy A[312341p padnposdas si 3) 3yl 40y Ide4] ayl osieled jO 3sed 3yl u| pa0OddJs wnup udd-paxul |euiblio dYy) wody uayey
S! %€34 zauj ejueg Joy 3jey3 3| iym ‘puodas uaded djydesaboioyd |[euiblao 9yl wody paIonpoudau S| eueqieg elues 4oy IdeJ] ayy

"SJou||!mM |ejuozZiaoy e AQ Judwnilsul |BD1343A poliad-1Joys 3yl jo Jjuawade|dad 2yl o1 anp apnil)|dwe u| uol3dNpal
® 4atm “3) 3yl Joy saseyd ayl 4o sawll 3yl e s|eubis se sieddde W 2yl osiesey 1y *punoy agq p|nNod> Spu0d3Js I|qelins ou
9SNed>3q suollels yioq Joy paIJIWO UIIQ dABY 3I) Yl JOy SIDEJ] "wWSIISI|I) 3yl jo sybnoul ay3 Uy juasaud s| uolle|npow

Aduanbauy-ybi1y >eom Auan e 3eay zaup elueg 40 IseD Yl U] " IW 24yl JO 3DUIPIAd Ou sMOYys eueqleg eilueg Joj Idedl ayj
969°C ql° /¢
e00°S e0°0¢ +~88 %89l 08 #0°00:0€:91 4°LL 9°09C €84 HE'y ctopct EL]
1"€5:62 0O 9°10:61:41 %°L0E 1719 1S4L  1°L9 69 9nv #I 03 (9
qo%1 9sle 28 S ql 0 S1°00:€S:€1 # /L S°09Z I8% €€°% €9 43S €1 33 (e
e0ll esgi (ZdS) 1821349A poraad-3Joyg (S¥d) erutoyr|e) ‘osiedey yg dnodg
6§ +8€1 YA H0°00:0€:%1 €°6% 9°1€T 6SH £1°4 ‘cop-- IN
L0:0E O°11 9°10:61l:%1 S°80¢€ 6719 /9. 1°69 69 90V 41 03 (9
auou 37 (e
(ZdS) 1€21349A pordad-3aoyg (dAS) etuuaoyi|e) ‘3eay zau, ePlueg €g dnoug
+ + + H0°00:0€: %1 S°9% 9°8ZT [#h T0°4 Troptet EL
1"g0:0€ 18 9°10:61:41 9°80f 819 669. €°69 69 9NV #| 03 (9
Quou 37 (e
(ZdS) 1e21343A poraad-140ys (28S) eludoyi(e) ‘eseqleg ejues 7§ dnoug
(W/1) (%) ()  (s) (s) (%) (s) (s w4y (o) (o) (W) () (1W9)
4 YSeW »sey ang waay) J1Q 3I9SuQ 71 uibiag wzy g wzy sbuey ¢ aieq JudAj
o
~

9¢ °2iejd




fulw)  JNIL
L

J-a_‘.‘.!wﬂd... '

N

1
|
e (3hia
(1wt Bow-a R m
= s

v
| e
. (4

PPN
— s
A EhN EEa B WY Wi

| P

Ol ="
OO0 [ige el

I — —

— e

—
e

N s I.ﬁ.q sy

fﬁm”ﬁ.ﬂﬁﬂf

————

i .Hl.,ﬂ EﬂJl.uﬂ.m._ llllllnll-lllllll}l-llllﬁuuﬂﬂ”-ﬂrh

u1| T
~— (33 ~————

e —

— e e

e —— e —

P Anemtaredt .___._.,..H.a._.fa_.k,_._x Sy

—

WO # T2L
TdS dAE B9 W il

.|..|r1r|-l|||.|||..”-r;.".m- T (mm)ad _“.S”__n._ _

ol

by — i

i

T

. —

-

-

'

1’8+ 3L

TAS TES &9 90V &




‘wiogonem uoiso|dxa jo juawbas a|qeiy1Iudpr Adedd Alug

*29s [#| 3@ Bujuuibag d23s # 40y SpualIxd 3rawbas puod3g -juauwbas 31s41) 404 san|ep +

‘(L€1 "d ‘0l61 ‘1€ 12 edpuey)) Aa|ax4ag ‘eruaojie) o Ajisdaaaiun 9yl Aq paubisse anjep o
“leubis ayi jo puz  °q

‘uoiso[dxa ayl jo 213s1J493dedeyd uolIow Iyl 4C puz e

(Al =19eL ‘1l 3 L ‘1l s?310N @9S) ~saded] jo 41ed yoea 40} swes 3yl 3q O3 pawnsse S juswndisul

yoea 40y uojlediyjubew ayy "pu| S! S9SED | |e ul J401dey I{EIS IUYL °SIAIYDJEe wody d|qe|leAe $31cd0d 1Saq 9yl uOJ) Ipew e
Aa|ax42g 404 @soyl a|1ym ‘sjeutbiio ay3 wosy A123.4)1p pai1dod sdae SpJod3L 3yl 33alleg JO4 “SpavdIA Jaded . dJeabojoyd wody
uasel aJe sadesl Bujulewas syl "SPi0234 SN|AIS 3d1mM-10Y feuibi1a0 2yl wody padnposdsas ade uol|lwey Junuy JO) elep dYl

Aldeau si 3W 2yl jo buidsew 3yl SIN woly 2dueisip Siyl 1y ‘paijuswbas sseadde uirebe yosiym ws1asa|al ayy jo mcm:oquwhwemw
uoile|npow Aduanbaly-ybiy e si1 W Yyl 40 uo131sabbns Ajuo 3yl suojlels oml Buluiewss ayil 404 -Jduuew pajuswbos e ul Jeadde
Jiedi-anem 6g oyl J4a31je suoti:od 4d3e| BYl I I1Yym ‘3J dYl 404 IBYI Yiim SI3PIDUI0D Al4eau JW 2yl JOoy 19SUO BYy| “ws|Is3|3A
3yl uo pasodwisadns s|eubis Adusnbars-ybiy se a|qisiA L|Jeard dde 34 3L 4O soseyd 6g pue B4 9u3 yl0Q uol| Jwey JUNOKW L1035
€01 L796 % #L1L L0l #0°00:0€:4l %796 z°08¢ '5§ 96° % Troptt EL]
5 €962 0 97 10:61:41  90€ €709 I32L 9°S9 69 9NV fl 03 (9
g1 00T Sb 6L 0 §1°00:€5:€1 4°96 Z°08Z 0SS hw6'y €3 d3S €l 33 (®
(ZdS) leo13daAn poytad-1a0oys  (Syg) eludoyrle) ‘A3|axlag 4G \9Reus
60° 1 6716 +CI +18 +£/ 70°GO:0E:l T°9 9°981 00§ 054 ttoptt EL
9Z:0€ G°€l- 9°10:6l:yl T°0LE 9719 1:08  H®'ZL 69 43S #l 03 (9
el BlT ¢€n 69 9°C S1°00:€5:€L 09 7981 005 0S°% €9 d3S €l 30 (e
(ZdS) 1ed1342A pordad-3aoys (yvg) etrudoyi|e) ‘i1ialdeg 99 dnouyg
Q96" 1 46709
e6L € ey 9z 18 6§l 28L 70°00:0€:4l 9706 0°wlZ S6%  Sh'H Troptt EL
n'gni6T 0 9°10:61:4l 0°L0E %09 #9€L €799 69 9NV 4l 03 (9
9591 9qswz 16 §°6L 0 G1°00:€5:€1 9706 6°€LZ 46y wy'w €9 d3S £l 3 (®
01l e06l (ZdS) 1e2>1343A poraad-3aoys (JHW) etludojie) ‘uol|lwey Junoy ¢ dnoug
(W/1) (%) (s) () (s5) (5) (») (s w o4) (o) (o) (w) (o) (1W9)

4 dseW sew ing  waa) 1@ 3IdSUQ 71 uibrag wzy g wzy asbuey Y ajeqQ JuaAg

76

LT 31e|d




LE ¥

77

(uw)  INIL \ (oH)q pruaq 99 s
___qu s eyd vmownun

?wva.ﬁm..xoa s09 .
_ s et Il I *
fa A .‘..‘.. fl il A L) .w i i %__ _
Ay | ein B e A b barnd bl bbb {7 Ve ALY ! My YIS Y AN datl e
e —————— T ! _l..[.!
“ SQEI- 91 i-. -7 il ety 4 T ] Aﬂ
ZdS UYR §9 ONY ¢ s Sesss—.)C (3Wd e
—— i o = T T G, S,
ll ”5 “ s
o s N —r A X \37.4;‘.“;\”"}\«()} P s v M“u P g ! AO QW
- S97s oL ey = .y e e SsiEr ~
Z4S UYL €9d4IC €l (a))s n G&F y «04.1\1'
e D —, S — S — Co——
A
IV AV NIVILL 3AVM . bat
A (3W)S L (3W)a s = ox
e i — el i s PR B i ey
Y G R e e e A A R AAY S I 2 % (9
e == — g 3 - . ——
e Z4S JHKW 6990V ! = e Qr_wm = oy LWMI = i ?.wunllll ©d
R g — e e el -
(eywand g “ll\ t{-ll ——
gt i o " — (CX e
T ————— 7 - \N B2l T < * ”
T 745 owwW €943S €1 X "9(3)S ~ s v o SS€l o




e g e ¢

s1ed yoea 10j Bwes 3yl 2q 03 pawnsse S|
1030e) @|€ED2S B 1B S3AIYdJe woly 3I|qejlene s

*3W 243l 031 paairnqiiile feubis Aouanbauy-

“3|qISIA Wi1043ABM UOISO|dXd ON =

“(A1 219eL ‘L1 @3I0N 93s)
JjuswnJllsul yoses 4o uoiilestjiubew ayjl
1dod> 153Q ayl wo.ty paonpoadas au4e eiep 3yl

-uoilels J4aylid 1e 3I|qelylIuapl e
Adoo 3yl jo0 Alijenb Jood 3yl 03 anp 3| GluaddsIp J0U S|
a3yl 40 24nIdNnuls pI|1eiadp 2yl anbianbnqy 3

o ase> 3yl u|

3W Jo saseyd ON
6961 3Isnbny | 104 WIO4IABM
*Spuod3s QHZ e buiuuibaq

yb1y 2yl wouy pajewilsd aNjeA +

‘saosedy jJo
"%001 30

‘ajge|1eae

uoilesnp puodas-g 40 jeubis Asuanbasy-ybiy e st 3IW 3431 30 uo131s3abbns Ajuo 3yl uosdnj JOj

- pasunouousd 240w S3WOI3Q WIOJ3AEM UO|SO|

600" |

(W/ 1) (%)
4 seW  sew

ge °3eid

1°66

052

+¢

[A%4

(%)

ang

+ihd

1519

(s)

wid)

(8

1L

dxa 9yl 40 uo1SJadsIp 24l SIN woly abues siyl Y

% 70 00:0£:41 L°887 0°€0l 668 60°8 rroptct
h5:0¢ 0 9 10:61:41 6°¢IE 0°4S 9.58 Ll 69 9Ny 4l
Gl 0 G1°00:€5:€1 L'88Z 0°€OL 106 oL°8 €9 d3s ¢l
(zdS) le21343A poi4ad-1io0yg (01V) ©O21X3W MSIN ‘anbaanbnq|y
+042 H0°00:0€£: 41 §°61€ G°9EL €L 0579 Troprt
05:0¢ 0 9-10:61:41 S°ZIE n°85 w8  £€°9L 69 IV Hl
tcl 0 G1°00:€G5:€1 S°61E w9t 9L 9°9 €9 d3s £l
(ZdS) ICEEEEEL pol1s3ad-1.40ys (onL) euozily ‘uoson)
(s) (s) (& wo4) (o) (o) (wi) (o) (1W39)
3asuQ g 1 utbruag wzy g wzy abuey ¢ 218Q
T . LR e L P

W

b3 (g

33 (®
6S dnoug

EL

23 (9

37 (®
85 dnoun

JU3aA] _

78



b |

T IR L

L""J‘!.ﬂﬁ |

: 9/

“lhll'h;.ﬂ-.l—
g . 8 L ']
P . LU T]

Y AN,
-w

TIME (min)

TIME (min)




Ve e ¢

T(9E-2t ‘ad *zl6|) uowis Aq uaA1b 350yl 01 A[32341p 24edwod S3WI] |BALJIB BYL 4
*3W 2y} 01 paingiaiie eubis Aduanbauay-yb1y a9yl wody pajewilsa sanjep
“9|qISIA Wi0yaABM UOISO|dXd ON +

.A>_m_nmp.w_w__mouozoomv.xoown“u_mmm_;uhmxm_LOK.xoo:m_mmm_ um:m:<:_
pue £96| -2qwaldag ¢| J40j sluswntisul Iyl 40 uorledrjiubew ayy %001 S! Sd2e4] ||e 10y J0OIdBy I|EIS
9y] S A1Ydue wody d|qe|ieae AdoDd 159Q I} WOy uaqel S| £96| 42qwaidag ¢| 404 2d2€4] 3Byl "sSp4odaA

1aded oiydeaboloyd |euibiio ayl wouay A|3d941p paanpoadas aue 96| Isnbny 4| pue yddeW g| woiy EIEp 3Y]

*0f Pi1eld UO umoys 2ae ws13sI|3]

a3yl :0 s1asu0O 3y} °3J 9yl AQ umoys se dseyd 65 syl 01 spuodsdiuaod leubis paysew A|1AB3Y S1Yy] ~SPUODIS
€..-06Z |BAI93Ul 9yl 4Oy 2un3IdNIIS paJudwbas pue uolleuNp SPUOIAS § Al21ewixoadde jo (eubis Aduanbauy

-ybi1y e se saeadde ysi1ym JW 9yl 104 uo11sabbns Aue smoys JUdUOJWOD YINOS-YIJON 343 Alug -?2|qiluadds1p

sue 3w 243l 404 saseyd ou 3) 2INI1IsQNs Ayl 3O 1€yl oMl S| 6961 1snbny n| uo (¥00%) uteb ayl ybnoyl

uaAj " pasn whmrmmm_ yoJdeW gl }JO BPEA3N UJIYINOS U JUDAD DIWSIIS Y] WOU4 SIDEJ] $SIINTLISqNs Sy ‘uos | sedwod
40y |njasn 3q O3 3S10U Byl Ul pIppaAqud Al1aeay 001 st1 £96| 42qwaidag €| jo 3) Adewisd 9yl 40j 3dedl ayy

" 21B|4 uO umoys SOyl ueyl passadsip 0L YONW e SWIOyIABM uoisojdxa ayl (wy G/g) abues si1yl 1y

+ + +
§°6£:0¢ O --op--
[4 ¥4 hhE  Z6 [Ag 0
(M3 dS) 3sdm-1se3 porsad-1uoys Ttop-t 29
z0°1 L6 =S +60¢€ 162 #0°00:0€:41 9°95¢ 6°69 Sl6 LL'8 Ttopct
g'6£:08 O 9°10:6l:41 G eIt 86k 08¢8 Syl 69 9NV #l
0z nae 76 nel 0 L°20:08:41 L°95C 1°0L 896 0.°8 69 ¥VYW 8l
(SN dS) 4Yinos-yiaon po!dad-1ioys TToptct 19
+ + + HO00:0€:h1 9°95C 6769 SL6 LL°8 roprtet
$'6£:08 O 9°10:61l:41 G EIE 864 0828 S 4L 69 9NV #l
1¢e L5¢ 96 9t | 0 L°20:0%:41 L°9S5C 1°0L g96 0.°8 69 ¥vW 81
S61 1131 56 St 0 G1°00:€£5:€1 9°95¢ 0°0L 9.6 8L°8 €9 43S ¢t
(ZdS) 1e21143A porsad-3ioys Amoov opeao|0) ‘uap|09 09
(W) (%) (s) (s) (s5) (5) (s) (s woy) () (o) () (o) (1W9)
4 ASEeW sen 4ang wid] 419 3I9suQ 31 uibiag wzy g wzy abuey 21eq

6C @1eld

W

V3 (9

33 (e
dnodg

EL
v3 (2
33 (e

dnouq

W

03 (4
1) (e
33 (e
dnoug

JuaAg3

80



6C 2404

(utw)  JIWIL

o

~, F NW ey ¢
__ e [V = I g il
. ,\t\ - o e, ™ s sl e Bt
8 - aphpn - —— naee = o gt et s
~ gl i P PUPEREY AR S P )
e Pugpreed B digy =l Kty 7 ¥ s ] _"ﬁu - (% ¥
» Pt P a - - +E:wl - G lnzaﬂ WS en P N e, n-hnf_ P R N s
~ Pt - ” gy s ‘&!ﬂlum&’w ....-“l.ll = - .ll.‘-.l-l-l-ll.l.illlllll._-uu ﬁuvvlk
N e S ! NS e i N e - S —— A

-

— |I||l|l.s Pr———— e _..llll. 1.--.ll.ln‘ - . -
- Yy e 3

: ‘ L e ¢ ! “ * ' ' L
.J 1.!;%}'\-!/1 A ....1...!r.lr\.r..._..._...l\?a.-r-r.-_.._.....*. .L.;.Jlr\t”.r.l”lu\rl.mlrr.\.:}l.;\.).).;h.
1 .

o) TS
Y

R TN lr%.l)\(l!f‘l{f}l.\[r]}l\
WA e e B T e b e s s SR O

...lllll.“
.II:..I......_.I“ FrrT Y E\.

r ]

o
i —————. e k f -|l___ﬂ/l.._. —— 7
wrfﬁM‘Mﬁ ewa;xhuf..d R A Py AT A
A . L s - = # M e, Ty fr ¥ o - N RS
. -\h\r?.ﬁﬂ;&rﬁ\r SN Ay N o S P 2 e B

e o)

€4 -, B i i o — W )

o g
o~ -

(9

)!i‘lrl..f.!'-\hl. A.O 19




(W/1)
3 SEW

-t -

0¢ 23e(d

(A1 @19eL ‘Z| 230N 33S) °%G/ 40 J01dEy D|EIS P
je spJod24 aaded >jydeaboioyd |eutbiao ayl 40 s31dOd |W4 WO4y padnpoudad ejep ay]

*6961 3Isnbny k| J40) WS1253[33 Yyl JO SIISUO Y] MOYsS 01 3|eds
padcnpaJt ut 243y paAe|dsip ade gZ 331e[4 uo uaAlb sjuauodwod 334yl 3yl j0 satdo)

S°6£:0€ O

7G[ 40 403oe} 9[B3S ‘(M3 d4S) 3ISaM-3ISe3 poy.ad-3doys

S'6£:0¢ O

4G/ 40 10312} 3[BIS ‘(SN dS) YInos-yldoN poilad-3uaoys

#0°00:0€:H1 9°99C 6°69
S'6£:0¢ O 9°10:6l:4l S €IE 864

<eop*-

~cop-*

sop**

“-op--

9.6 LLg Troptct
0828 9%l 69 9NV HI

auou

%G/ 40 1012e) 3|€D2S ‘(ZdS) i©21343A poiaad-1aoys

(%) (s)y (s) (s) (s) (s) (s woy) () (o)
¥sew Jng  wday 310 3asug  J L uibrag wzy g wzy

(109) opedo[0) ‘uap|o9

(1) (o) (1W9)
Jbuey ¢ aleq

EL]

03 (9

) (®
g9 dnoug

EL|

D3 (9

33 (e
49 dnoug

EL

03 (9

37 (e
£9 dnouy

JuaA] i

82



r (unu)  IWIL

- ._.4?__._..__\.__ (vae
1 Eouad b ate b E‘_______:______..r:_._,__l___":_______:_:_ i

i
il il Y | by Ll L




*AJojeAuasqQ |e215Aydosn sealpuy uesg ¢

(3H4) LL'H 313214
(v11) epeue|q
(dn) 3IN (S¥d) oste.eq

(dn) 3N
(229) %994) 33 iuedy

(JHW) uol | jwey Junow
(NIW) eaPuLW
Aauanbasy ybIy Amo<m
awes

(dn) 35N cOVS
(Svr) umolsawer

(4

‘edoul [ IM T

'pPasJaAads S| AllJe|Ogd |

(v11) epeue(]

(S¥d) osteseq
(3S) 2zn4) ejues
(JHW) uol | lwey Iunow

(wWsg) uoijow-buosls -op*

(Mug) Aa|ax)Jag
(INJ) p40OdUO)
(19) eboasy|e)

awes (WSd) uO!3OoW-Buosis 31saiug

awes
A_qu_zv euIW

(23d) %9247 soiidue|ig
(o1ped) @po) Buw||

6961 3snbny |

40 IW (9

I€ @3eld

’

(19d) 3s3idd

(LIA) pdeAuUIp
(4d) s3A3y 3uiog
(oiped) 3pc) 3wl j

€96 Jaquaidag €|

40 3) (e

S3IVEL 0L A3X

"St
i
€1

N M T 0N W o o O

|3uuey)

U0 |5$94dWOD S| UMOP uO|JOW ddeJ]

*(N1 d19eL ‘6 3 § S@I0N 235)

%0l
40 401284 3|€3S 0P’ (9

7812 40 4031de) 3|E€3S

6961 3snbny k| 40 3W (9

%8¢ 40 403108y 9|ed3s
£96| 4aquaidas €| 40 3D (®

(witd wu 91)

13pJ0d0|3A3Q Aa|3xdag g9 dnodg



LE ®4°|d

85

Al

R . - - .(l. B - |._fl\ \lr.. ) 2 . .rr__l _...._ _\.r .J_ ' .
: : .{::\fkut\_ﬁ“&

‘ e —————
(\%’?ér\/}?\;\l | o \r : P
v lr:.f_..r._.,:. IO N u;h‘? oA~ AN A AN F. SN gppe—

- -;r ” “ “"nl

_,. ¥iig ,.. L m. — 11.I|l.ll;...rlql.ll.lll.l|\.....|il..__rll M“” -~ A*Q

8
L[
3
L

AlL/23€ ©1 V30 aA
_ \ PITYIS NI i37a0-ad 6961 1100V g1 v«
SR

bIb! SNV #I

. (Lw) JWIL \ 0

— o A B, o e S, S e A Ty A e b

- - - == = ———me—— ——

P ———— = B R R A S = =SS LRSS e R VP = e — X T g Pt Ao 2O u e —
— = = — - e T e i L hanay Gy )QA,\rn)qtu..th\.v\(.\(\\.(u..)\»\ e e e AQ

bIbl 90Y 4| ot

e — e —

(ww) 3JWIL

™
(2

)

PPV

|

NN T | _o‘ |

(KRN TN A
¢
‘-
i
i
H
1
i

|
|
|
|

|
|
|
|
|
|
|
i
|

m
"]
L]

€9 438 €




I11. CONCLUSIONS

To aid the discussion the measurements from the seismograms are condensed into

a single tabulation (Table V). In addition, the general appearances of the
records are summarized in a qualitative characterization of the masking effects
(Table VI), listing the dumninant wave, its level of domination and the visibility
of the masked explosion at each station. The records of particular significance
are also identified. Furthermore, we recall the results of the preliminary
analysis: 1) the masked explosion has a yield of approximately 3 kt (determined
seismically) and a depth of burial of 784 feet in alluvium. 2) the duration of
its waveform at 27 of the 32 stations is calibrated with the aid of the waveforms
from comparison events of similar source characteristics. 3) the interfering
earthquake is the most well-recorded shock of the major earthquake sequence in
the Kurile Islands of Audgust 1969 with 40O observations worldwide, & magnitude
of 6.2, a depth of 46 km (all values from the ISC Bulletin), and an epicentral
distance from NTS of 70°.

The findings of this investigation of seismic masking can be summarized as follows:

1) the waveform characteristic of this particular explosion recorded in the
teleseism of this strong earthquake remains clearly visible out to 288 km
(Kanab, Utah). Beyond this range the role of the dominant wave is taken over
by the teleseism, although instances of partial visibility occur at further
distances. Because of the importance of this result we shall define this dis-
tance as th2 maximum range of domination for the waveforms from the masked
explosion.

2) In terms of the general appearance of the explosion waveform the interference
first degrades and then eliminates the fine structure from the tail of the waveform
as the amplitudes of this portion of the signal hecome smaller and more heavily
modulated by the teleseism. The identification of the exact point of termination
for an explosion waveforem with a slowly decaying amplitude profile proves to be
an extremely difficult task, even without interference. As an accommodation to
the complexity of this decision, we are forced to introduce two different
criteria for termination, since most of these explosion waveforms exhibit very
weak signals with no apparent informatior content for a considerable time after
the end of amplitude pattern characteristic of the explosion. In this context

we can restate the criteria defined in Section 2.4 by noting that the first
termination end of the motion characteristic of the explosion) is independent

of gain, while the second (end of the signal) is a function of the noise level
and hence depends on the magnification of the system. Thirty out of the forty-
two traces presented for the comparison events are analyzed in this manner.

3) The usefulness of placing the seismograms from the comparison events and

the masked explosion in juxtaposition cannut be overemphasized. As the level

of interference is increased from the relatively simple background noise of the
system to that of the complex teleseism, it becomes virtually impossible in many
cases to decide even an approximate point of termination for the explosion wave-
form without the use of this technique of pattern comparison.

L) The next effect of the interference is to degrade and then suppress the
pattern characteristic of the onset of the waveform. The delay in onsets between
the comparison and masked waveforms increases slowly out to 495 km (Mount
Hamilton, California) and then abruptly for greater distances. The weaker phases,
such as Pn and Sn, are seen only at the closer stations and primarily those with
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higher gain.

5) As the distance from the masked explosion increases, the degradation of

its waveform continues until the interference begins to destroy the basic
pattern of the Pg and Sg phases. Because its amplitude is frequently larger
the Sg phase is generally more persistent than the Pg phase. As an example of
this type of selective degradation we mention the record for Jamestown,
California, (Plate 23). Although the Pg phase is severely obliterated by the
teleseism, it is still identifiable as a separate arrival, while the Sg phase
can be recognized easily from the pattern of its peak amplitudes.

6) The quantitative estimates of masking (Table V) are based on the reduction
of the relative duration of the explosion waveform. By use of durations wvhich
are independent of gair (based on the end of the motion characteristic of the
explosion) it is possible to circumvent possible changes in instrumentation

and gain which may have occurred during the time interval between the comparison
events and the masked explosion. Plots (Porter, 1973) of the masking factor
show an irregular correlation with distance from the explosion and secondary de-
pendences on back azimuth and the difference between te onsets of the teleseism
and the explosion. Some of the variations may also be due to regional effects.

7) Although the difference between the onset times for the teleseism and the
explosion waveform appears to be only a secondary controlling factor in the
masking, the difference in the origin times for the earthquake and the explosion
is a parameter paramount to the generation of this data set. To illustrate this
point we note that if the origin time of the explosion were advanced by a few
seconds its waveforms would no longer be fully engulfed by the teleseism. Or
the other hand, if the origin time were delayed by more than a few seconds its
waveforms would not be superimposed on the portions of intense signal activity
of the teleseism. Furthermore, we see that if the origin time were delayed to any
considerable extent it would be impossible to display the data in the compact
fashion used in this report. A wider separation in the origin times would re-
quire more prints at reduced scale factors (such as those in Plate 30) or a
larger format.

8) The two most striking regional effects are the absence of any appreciable
evidence for the masked explosion in southern California beyond the range of
Isabella (273 km) and the appearance of the partial waveforms at four northern
California stations (Jamestown, Mount Hamilton, Paraiso and Priest). In this
regard, the difference between the onsets may be the controlling factor be-
cause the explosion waveform at the closest northern California station
(Jamestown) appears at least 66 seconds behind the arrival of the teleseism,
well after the period of intense signal activity of the latter. In contrast,
the difference in onset times for stations in southern California at the

range of Woody (297 km) or greater does not exceed 45 seconds and the traces
show at most only an extremely weak high-frequency signal superimposed on the
teleseism. Woody deserves special attention because this station shows almost
no signal for the masked explosion while Isabella at a range of 24 km less and
along nearly the same azimuth has equal amplitudes for the teleseism and the
explosion. This abrupt decrease may be a consequence of Woody's location west
of the Sierra Nevada.

9) The great variety of recording techniques utilized in this study shows

that the machine-readibility of magnetic tape makes it the most desirable

technique. The best paper records are produced by either an inked pen or a

hot-wire stylus. The oscillograph playouts also have high contrast and photo-

graph relatively easily, but they suffer from the disadvantage that they are
88 iight sensitive.
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TABLE VI

QUALITATIVE CHARANTERIZATION OF THE MASKING EFFECTS OBSERVED
FOR THE EXPLOSION OF 14 AUGUST 1969
(listed in the order of increasing epicentral distance from the explosion)

Key to abbreviations
ME masked explosion
EQ earthquake
Pg granitic phase for the compressional wave from the ME
Sg granitic phase for the shear wave from the ME
No. Station Range Dominant Level of Visibility Plate
Symbol (km) wave (phrase) Domination of the ME
1 TPH 144 ME (Pg & Sg) high good 1,2
2 DAC 168 ME (Sg only) do do 3,4
3 TIN 193 ME (Pg & Sg) do do 5,6,7
L NEL 194 ME (Sg only) do do 8,9
5 CLC 203 None (all amplitudes equal) do 10
6 GSC 217 ME (Pg & Sg) slight do 11
7 MN-NV 232 Noro (all amplitudes equal) do 12
8 LEE 239 ME (Pg & Sg) slight do | 13,14
9 ELY 242 ME (Sg only) very slight poor 15
10 EUR 258 Indeterminate (poor copy) 16
11 ISA 273 None (all amplitudes equal) good,, 17
12 KN-UT 288 do poor 3 18
13 WDY 297 EQ very high negligible 19
14 FTC 360 do do do 20
15 RVR 371 do do do 20
16 MWC 373 do do do 4 20
17 BMN 377 do kigh poor 3 21
18 PAS 385 do very high negligible 22
19 HAY 387 do do do 22
20 JAS 396 do slight fairg 23
21 PRI 427 do high do 24
22 PLM L2g do very high negligible 24
23 DUG L4o Indeterminate (excessi' > gain) 3 25
24 SBC Ly7 EQ very high negligible 26
25 SYP 45g do do do 6 26
26 PRS 483 do high fair 26
27 MHC Lgsg do do fair 3 27
28 BAR 500 do very high negligible 27
29 BKS 551 do do do 27
30 TuC 723 do do do 28
31 ALQ 899 Indeterminate {(poor copy) 3 28
32 GOL 975 EQ very high negligible 29,30

only a short portion of the Sg phase is present.
waveforms are barely discernible due to the low contrast of the trace.

1

2.

3. only an extremely weak high-frequency signal
L. only a weak high-frequency signal is present.
5

the Pg phase is only partially visible as a high-frequency signal;

is present.

the peak amplitudes for the Sg phase are clearly recognizable.
6. the Pg and Sg phases are partially visible as high-frequency signals.

Particularly
significant
records

o
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APPENDIX A
LOCATIONS AND ELEVATIONS OF SEISMIC STATIONS k
(1isted alphabetically by station symbol) §
Reporting |
No. Symbol Station Name Network # I. Latitude W. Longitude Elevation "t
(d) (m) (s) (4) (m) (s) (m) i
1 ALQ Albuquerque,liew Mexico WWSSN 34 56 30 106 27 30 1853
2 ARC Arcata, California ucs 40 52 36 124 04 30 59
3 BAR Barrett, California CIT 32 40 48 116 40 18 510
4 LKS Berkeley(Strawberry)Ca. WWSSN 37 52 36 122 14 06 276
5 BMN Battle Mountain,lhevada SL 40 25 53 117 13 18 N/A |
6 ERK Berkeley, California uCB 37 52 24 12215 36 81
7 cLC China Lake, California CIT 35 49 0 117 35 48 766 !
8 CNC Concord, California ucB 37 58 06 12204 18 3h
9 CWC Cottonwood, California CIT 36 26 18 118 04 42 1620
10 DAC Darwin, California SL 36 16 37 117 35 37 N/A
1 pUG Dugway, Utah WWSSN 40 11 42 11249 0 1481
12 ECC E1 Centro, California (6 i 32 47 54 115 32 54 -15
13 ELKO  Elko, Nevada LLL 40 44 4 11514 20 2210
14 ELY Ely, Nevada SL 39 07 53 114 53 31 N/A
15 EUR Eureka, Nevada NOAA 39 29 0 11558 12 2178
16 FHC Fickle Hil11, California ucB 40 48 06 123 59 06 610
17 FRE Fresnc, California JCB 36 46 00 119 47 48 88
18 ElE Fort Tejon,California CIT 3 52 24 118 53 36 990
19 GCC Granite Creek,California UCh 37 01 48 121 59 48 122
20 GLA Glamis, California CIT 33 03 06 114 49 36 627
Al GOL Golden, Colorado WWSSN 39 42 01 105 22 16 2359
22 GSC Goldstone,California WWSSN 35 18 N6 116 48 18 990
23 HAY Hayfield, California CIT 33 42 24 11538 12 439
24 ISA Isabella, California CIT 35 39 45 118 28 24 835
25 JAS Jamestown, California ucb 37 56 48 120 26 18 457
26 KN-UT  Kanab, Utah 1) LRSM 37 01 22 112 49 39 1737
27 LAN Landers,California LLL 34 23 23 116 24 4 793
28 LEE Leeds, Utah SL 37 14 35 113 22 36 N/A
29 LLA Llanada, California ucs 36 37 00 120 5 36 475
30 MHC Mount Hamilton,California UCB 37 20 30 121 38 30 1282
3i MIN Mineral, California uct 40 20 42 121 36 18 1495
32 MLC MManzanita Lake,California UCD 40 32 12 121 33 42 1800
33 MN-NV  Mina, Nevada 25 LRSHM 38 26 10 118 08 53 1524
34 MWC Mount Wilson, California CIT 3 13 24 118 03 30 1730
35 NEL  Nelson, Nevada 3) st 35 42 44 11450 36 N/A
36 ORV Oroville, California ucB 39 33 18 121 30 Q0 360
37 PAS Pasadena, California WWSSN 3 08 54 11810 18 295
38 PCC Pilarcitos Creek,Calif. ucB 37 30 00 122 22 54 9]
39 PLM , Palomar, California CIT 33 21 12 116 51 42 1692
40 PRI Priest, California uce 36 08 30 120 39 54 1187
41 PRS Paraiso, California ucB 36 19 54 121 22 12 363
42 RVR Riverside, California CIT 33 59 36 117 22 30 260
43 SAO San Andreas Geophysical uce 36 45 54 121 26 42 350
Observatory,California
44 SBC Santa Barbara,Caiifornia CIT 3 26 30 119 42 48 90
45 SCI San Clemente Island,Ca. CIT 33 56 48 118 32 48 219
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46 SWM Sawnill, California CIT 34 43 06 118 34 54 1220 ‘
47 SYP Santa Ynez Peak,California CIT 3¢ 31 36 119 58 42 1305 :
48 TIN Tinemaha, California CIT 37 03 18 1813 42 1195 {
49 TPH Tonopah,Nevada SL 38 04 29 11713 21 N/A 1
50 TuC Tucson,Arizona WWSSN 32 18 35 110 46 56 985 g
51 UKI Ukiah, California NOAA 39 08 14 12312 38 199 .
52 WDY Woody, California CIT 35 42 0 11850 36 500

4 ldentification of Reporting Network Abbreviations:

CIT California Institute of Technology, Pasadena, California
LLL Lawrence Livermore Laboratory, Livermore, California
LRSM  Long-Range Seismic Measurements Program,U.S. Air Force
NOAA National Oceanic and Atmospheric Administration

SL Sandia Laboratories, Albuquerque, New Mexico

UcB University of California, Berkeley, California

WWSSN World-Wide Standard Seismograph Network

1

KANAB Kanab, Utah LLL 37 01 00 M2 49 21 1715
2

MINA  Mina, levada LLL 38 25 56 118 09 16 1510
3BCN Roulder City, SL 35 58 51 114 50 02 776

Nerada




APPENDIX B i
UNDERGROUND NUCLEAR EXPLOSIONS LOCATED IN THE VICINITY OF
THE MASKED EXPLOSION OF 14 AUGUST 1969 1

Device  Interval until Dimensions of 1
Date Shot time Name Yield depth surface collapse surface ccllapse '
(GMT) (GMT) (kt) (ft) (h) (m) (s) Diameter Volume
xdepth(ft)(yd3)

1. 21 Feb. 1963 19:47:08.23 CARMEL  0-20 536

2. 15 Aug. 1963 13:00:00.15 SATSOP  0-20 738 16 300x40 4x10%

3. 13 Sept.1963 13:53:00.15 AHTANUM 0-20 740 ~2-1/2 yr 30x50 .

4. 11 June 1964 16:45:00.75 ACE 0-20C 862

5. 19 Aug. 1964 16:00:00.14 ALVA 0-20 545 7 5 250x27

6. 9 Oct. 1964 14:00:00.12 PAR 38 1325 3 54 475x72 3.89x10%4

7. 12 Feb. 1965 15:10:29.49 ALPACA 0-20 737

8. 25 June 1966 17:13:00.07 VULCAN 25 1057 58 23 526x77 2.44x105

9. 10 Aug. 1966 13:16:00.07 ROVENAD 0-20 635 19 45 116x8 1.52x163

10. 29 Sept.1966 14:45:30.09 NEWARKb 0-20 750 11 35 264x10 8.54x104

11. 5 Nov. 1966 14:45:00.003SIMMsb  0-20 650 16 15 190x15 1.36x104
g 12. 27 Apr. 1967 14:45:00.02 EFFENDI 0-20 719 18 50 114x12 1.84x104

13. 18 Jan. 1968 16:30:00.0@ HUPMOBILE 0-20 810 21 21 252x32

14. 10 Apr. 1968 14:00:00.02 NOOR 20-200 1250 g 3] 400-600x36

15. 15 Jan. 1969 19:00:00.07 PACKARD 0-20 810 16 45 350x49 5.64x104

16. 14 Aug. 1969 14:30:00.04 SPIDER  0-20 784 7 16-30x40 4.98x102

a Actual detonation time was delayed ~ 0.1+40.06 sec due

to signal transit time, relay closures, etc., for these
events with shot times listed on an exact second.

b These events lie outside of the microzone for the Masked
Explosion (SPIDER), but are included as comparison events
for the Jamestown (JAS) and Golden (GOL) stations.

Springer, D.L. and R.L. Kinnaman (1971).
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APPENDIX C

GEOLOGICAL FEATURES FOR THE UNDERGROUND I
NUCLEAR EXPLOSIONS LOCATED IN THE VICINITY OF THE 1
MASKED EXPLOSION OF 14 AUGUST 1969 1

No. Date Name Surface Water Table Paleozoic Interface
Elevation Depth ETlevation Depth Elevation
(ft) (ft) (ft) (ft) (ft) i

1. 21 Feb. 1963  CARMEL 4390 1980 2410 2450 1940
2. 15 Aug. 1963  SATSOP 4373 1950 2473 2400 1973
3. 13 Sept.1963  AHTANUM 4419 2010 2409 2400 2019
4. 11 June 1964 ACE 4354 1940 2414 2570 1784
5. 19 Aug. 19"17  AL.A 4420 2016 2404 2550 1870
6. 9 Oct. 1964 PAR 4368 1950 2418 2650 1950
7. 12 Feb. 1965 ALPACA 4402 1990 2412 1800 2602
8. 25 June 1966  VULCAN 4354 1740 2414 2050 2304
9. 10 Aug. 1966  ROVENAa 4281 1870 2411 1700 2581
10. 29 Sept.19¢t6  NEWARKA 4285 1870 2415 1750 2535
11. 5 Nov. 1966  SIMMSa 4286 1875 2411 1450 2836
12. 27 April 1967 EFFENDI 4284 1885 2399 2750 1534
13. 18 Jan. 1968 HUPMOBILE 4266 1910 2356 2400 1866
14. 10 Apr. 1968 NOOR 4385 1980 2405 2450 1935
15. 15 Jan. 1969  PACKARD 4250 1910 2340 2300 1950
16. 14 Aug. 1969  SPIDER 4326 1925 2401 1700 2626

a
These events lie outside of the microzone fo: the Masked Explosion (SPIDER),
but are included as candidate comparison events for the Jamestown (JAS) and
Golden (GOL) stations.

1
Springer, D.L. and R.L. Kinnaman (1971).
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Date

27

Feb.1963
Aug.1963
Sept.1963
Junel964
Aug.1964
Oct.1964
Feh.1965
June1966
Aug . 1966
Sept]966

Nov.1966
Apr.1967

18 Jan.1968

10
LE]
14

Apr.1968
Jan. 1969
Aug.1969

COORDINATE LOCATIONS FOR THE UNDERGROUND NUCLEAR

APPENDIX D

EXPLOSIONS LOCATED IN THE VICINITY
OF THE MASKED EXPLOSION OF 14 AUGUST 19691

Name

CARMEL
SATSOP
AHTANUM
ACE
ALVA
PAR
ALPACA
VILCAN
POVENA®Q
NEWARK@

SIMMs@
EFFENDI
HUPMOB ILE
NOOR
PACKARD
SPIDER

a

1

N.

(d)

37
37
37
37
37
37
37
37
37
37

37
37
37
37
37
37

OO WWWWE WWW

—_— ot —

WoOWOo O

Latitude W.
(m) (s) (d) (m)

17.3 116
14.7 116
48.1 116
55.0 116
32.4 116

4.8 116
.3 116
1116
2116
2 116

§
1

~N o

11.8 116
6 116
1116
8 116
2.5 1186
9 116

NN P EDL D

WWwHwWwwr

Longi tude

(s)

47.
851
50.
33.
59.
37.
88l
19.
51.
45.

50.
47.
56.
43.
56.
49.

OO0 —NWWO D

OPOPLHL OO

Nevada State Coordinates

North (ft) East (ft)
875 850 671 000
875 600 671 950
878 970 670 760
873 585 672 145
877 380 670 055
874 600 671 850
879 400 571 950
876 050 673 250
880 960 680 330
880 960 680 825
881 430 680 485
870 050 675 900
872 520 675 160
875 700 671 300
873 370 675 160
877 863 675 730

Distance

from IME

(SPIDER)
(ft)

5140
4407
5090
5580
5695
507V
4080
3145
5542
5960

5940
7820

837%
4930
4530

These events lie outside of the microzone for the Masked Explosion (SPIDER),

but are included as candidate comparison events for the Jamestown (JAS) and

Golden (GOL) stations.

Springer, D.L. and R.L. Kinnaman (1971).
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APPENDIX F

STATIONS OMITTED FPOM THE COMPILATION OF RECORDS AND COMPARISON DATA

No.

10.
1.
12.
13.
14.
15.
16.
17.
18.
19.

FOR THE MASKED EXPLOSION OF 14 AUGUST 1969

(1isted alphabetically by station symbol)

Symbo1l
ARC
BRK
CNC
CWC
ECC
ELKO
FHC
FRE
GCC
GLA
LLA
MIN
MLC
ORV
pEC
SAQ
SCI
SWM
UKI

Reason for omission

Unsuitable record (gain too low)
do

Withdrawn from service

Out of service due to flood
Unsuitable record (gain too low)
Not yet installed

Unsuitable record (gain too low)
No time correction available
Unsuitable record (gain too Tow)
do

do

do

do

do

do

do

Withdrawn from service

Qut of service

Withdrawn from service

"Unsuitable Record" implies that the station in question did not
record well explosions similar to the masked explosion [see
Plate 31 for the case of the primary comparison event, the
explosion of 13 September 1963 (AHTANUM)].
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Seismic Distribution List/AFOSR/NPG
(1 December 1972)
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1400 Wilson Boulevard
Arlington, VA 22209
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L. G. Hanscom Field
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Arlington, VA 22209
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312 Montgomery Street
Alexandria, VA 22314

Dr. T. V. McEvilly

Dept. of Geology and
Geophysics

Berkeley, CA 94920

Dr. James T. Wilson
Institute of Science and
Technology
University of Michigan
Ann Arbor, M| 48107

Fr. W, J. Stauder, S. J.
St. Louis University

3507 Laclede Avenue

St. Louis, MO 63103

Dr. Jack E. Oliver
Cornell University

Deportment of Geology
Ithaca, NY 14850

2

]

each

15

2

Office of Effects Evaluation
AEC Nevada Operations Office

PO Box 1676
Las Vegas, NV 89101

Dr. Don L. Anderson
Seismological Laboratory

California Institute of Technology

220 N, San Rafael Avenue
Pasadena, CA 99109

Dr. Frank Press

Department of Earth and Planetary

Sciences

Massachusetts Institute of Technology

Cambridge, MA 02139

Dr. D. Davies

Massachusetts Institute of Technology

Lexington, MA 02173

Earth Sciences Division
1800 G Street, NW
Washington, DC 20552

Librarian
Naval Research Laboratory
Code 2027

Washington, DC 20390

Department of Navy, Code 410

Washington, DC 20360

Dr. Stewart W, Smith
Geophysics Department

University of Washington
Seattle, WA 98105
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Dr. Sidney Kaufman
PO Box 481
Houston, TX 77001

USACDA/Attn: Dr. J. Evernden
State Department

Sciences & Technology Division
Washington, DC 20451

US Geological Survey
Rm 5233, Gen Services Bldg
Washington, DC 20242

Dr. Thomas O'Donnell
4625 5th Avenue
Pittsburgh, PA 15213

Mr. Jon Peterson

NOAA Seismological Center
Sandia Base

Albuquerque, NM 87115

Chief, Office of Research
and Development, US Army

3045 Columbia Pike

Arlington, VA 22204

National Earthquake Research
Center

US Geological Survey

345 Middlefield Road

Menlo Park, CA 94025

National Academy of Sciences
Division of Earth Sciences
2101 Constitution Ave, NW
Washington, DC 20418

AF W eapons Laboratory AWLRU
Kirtland AFB, NM 87117

DASA , Deputy Director
Science and Technology

Washington, DC 20305

Dr. Alan Ryall
University of Nevada
Mackay School of Mines
Reno, NV 89507

University of Alaska
Geophysical Institute
College, AK 99701

Dr. George Kolstad

Research for Physics and
Mathematics, USAEC

Washington, DC 20545

Dr. Eugene Herrin
Southern Methodist University
Dallas Seismological Observ.
Dallas, TX 75222

Dr. John H. Pfluke

U.S. Department of Commerce
NOAA /ERL/EML

390 Main Street

San Francisco, CA 94105

Dr. M. D. Trifunac
California Institute of Technology
Department of Engineering and

Applied Science
Pasadena, CA 91109

Dr. C. B. Archambeau
California Institute of Technology
Seismological Laboratory

PO Bin 2, Arroyo Annex
Pasadena, CA 921109




Mr. Rowland McLaughlin

Environmental Research Institute
of Michigan

PO Box 618

Ann Arbor, M| 48107

Dr. T. Cherry

Systemms, Science and Software
PO Box 1620

La Jolla, CA 92037

Dr. Ben Tsai
Texas Instruments, Inc,

314 Montgomery Street
Alexandria, VA 22314

Dr. Keiiti Aki

Massachusetts Instiiute of
Technology

Earth and Planetary Sciences

Cambridge, MA 02139




