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ABSTRACT

We have recently begun a project to document the numbers of mine blasts that will be
detected teleseismically, and at regional distances, by seismograph networks used to monitor
compliance with a Comprehensive Test Ban Treaty. We plan to study blasting in the United
States, in countries of the former Soviet Union, and in Australia, Canada, China, and Korea.
Knowledge of mine blast statistics is needed in order to plan efforts in discrimination, recognizing
that in general it is more difficult to tell the difference, from seismic data, between underground
nuclear and chemical explosions, than between underground nuclear explosions and earthquakes.
If the number of large mine blast signals is large, the effort to analyse such signals could swamp
discrimination programs.

So far we have acquired and analysed mine blast data from eight different areas of the
former Soviet Union. We have established as a total for all these regions that only on the order of
30 blasting events per year have K (energy class) value of 9 or greater — corresponding to my,
around 3.35 or greater. Also, the slope of the frequency-magnitude relation is much steeper for
mine blasting signals, than for earthquakes (the b-value is greater than 2 for blasting, and around
unity for earthquakes). This latter result is good from the perspective of concemn over very large
blasts — because it implies there are very few such events. It also indicates that the number of blast
signals rises very rapidly as one considers events with magnitude below about my 3.25.
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OBJECTIVE

Our goal is to document the rates of occurrence of chemical explosions of different sizes, in
as many mining regions as possible, but with a focus on the observability of blasting signals
originating in the former Soviet Union, Australia, Canada, possibly China, Korea, and the U.S.

The size of a chemical explosion is expressed commonly in terms of charge size. But we
shall be more interested in size expressed in terms of seismic magnitude, whether local, regional,
or teleseismic, since our concern is with the observability of blasting activity. We shall be
particularly interested in estimating the numbers of chemical explosions that occur in different
regions and that are detected teleseismically with my > 3. Underlying our work, is the fact that
mine blast signals are less easily discriminated from nuclear explosion signals, than are earthquake
signals, so mine blast signals may require more sophisticated analysis in programs of CTBT
verification. Therefore, large numbers of detectable mining blasts would represent a problem for
those who must routinely identify the nature of seismic sources (earthquake, mining blast,
underground nuclear explosion). Our project will help estimate the extent of this problem, by
making surveys of the observability of mine blast signals of various sizes.

RESEARCH ACCOMPLISHED

Prior to starting this project in June 1995, we had preliminary indications for the U.S. that,
in practice, only around 10 to 30 mine blasts appeared to be detectable teleseismically with
my, > 3. This number was surprisingly low, since, using magnitude-yield relationships for
contained single-fired tamped explosions, one would expect from knowledge of the amounts of
chemical explosives used, that thousands of U.S. blasts would be teleseismically detectable each
year by sensitive arrays (Richards et al, 1992; Richards, 1995). For the first six months of
GSETT-3, it has turned out (Eric Bergman, personal communication) that about one U.S. blast
each week has been reported in the Reviewed Event Bulletin - and that such events are detected
and located mainly on the basis of regional, not teleseismic, signals. The REB therefore confirms
our preliminary indications for the U.S., on the low numbers of observable blast events.

The reason for the low numbers in the case of the U.S., is that it is inappropriate to apply
magnitude-yield relationships for contained single-fired tamped explosions to the problem of
estimating the seismic magnitude of a commercial blast of known charge size. Commercial blasts
are inefficient at exciting impulsive body-wave signals, compared to tamped single-fired
explosions, because virtually all mine blasts in the U.S. are ripple fired. Commercial blasts are
also poorly coupled (another way of saying they are inefficient at exciting signals), because the
purpose of commercial blasting is almost always to break rock into fragments of predetermined
size, and, to this end, commercial blasts are usually not fully contained.

To carry out our surveys for different mining regions around the world, we have begun
with acquisition of six different types of information, as follows:

. coordinates of active quarries and mines, in the different regions we shall study;
. lists of times at which representative blasts, and large blasts, occurred;

553




. information on total charge size, and, if possible, of blasting patterns
(numbers of holes, charge size and timing of delays);

. regional magnitudes for mining blasts;
. information on the teleseismic observability of mining blasts; and
. pertinent seismograms, for our own analysis.

We are particularly interested in blasts that are detected teleseismically with my > 3, and/or are
detected by regional signals out to distances of 1000 km or more, since such blasts may well be
reported routinely by global networks organized for CTBT monitoring. As part of our analysis,
we have an interest in comparing various regional magnitude scales and duration magnitude scales,
preferably against the teleseismic (my) scale. Comparison of magnitudes against charge size is
also of interest, though substantial scatter is to be expected. We shall also study the relation
between the regional Russian K scale and teleseismic m, for underground nuclear explosions,
mine blasts, and earthquakes in different regions.

Our contract began in June 1995, and to date our preliminary results are for some of the
countries of the former Soviet Union. In the remainder of this section, we first list the types of
data we have acquired for several different regions; and then we give four Figures that summarize
the main features of blasting that we have been able to document so far in this project.

Kazakhstan: southeastern region (Northern Tien-Shan, 42—46°N, 75-80°E)

We have a list of blast dates and times, and charge sizes, for several tens of events in 1994.
For several of these events, we have been able to find waveform data at the Kurchatov 21-element
array, operated since the summer of 1994 by Lamont (under IRIS's Joint Seismic Program) on the
former Semipalatinsk Test Site.

We have a longer blast list, handwritten for 5399 events, for the period 1979 - 1994, used
to prepare parts of Figures 1 and 3 (discussed further, below).

We also have all relevant information (date, time, K value, duration magnitude, charge
size, and quarry locations) for more than 120 blasts during 1972 —~ 1976 in the area around the
capital city of Almaty.

Kazakhstan: south central region around Dzhambul (41.5-44°N, 68-74°E)
We have a list of about 2130 blasts with known date (during June 1988 to December
1991), time of day, and signal strength.

Russia: Lake Baikal region
We have a map and a listing of quarry/mine locations.

Russia: Caucasus region around Anapa (N.W. Caucasus, 44.1-45.7°N, 36.1-38.3°E).
Also the Caucasus region to the south around Kislovodsk
We have quarry/mine locations, catalogs of blasts for several years, and a catalog of
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earthquakes (the basis for parts of Figures 3 and 4, discussed below). In the southern Caucasus
around Kislovodsk, Lamont operated a regional network during 1991 — 1992 under IRIS's Joint
Seismic Program, and the resulting waveform data have been worked up (for example in Vigen
Aharonian's 1994 master's paper at Lamont/Columbia University) for numerous small blasts and
earthquakes.

Russia: Kuzbass region (southeast of Novosibirsk)

We have a map and a listing of quarry/mine locations. We have identified waveforms for
several large events from this region, recorded at a distance of approximately 700 km with high
signal-to-noise, at the Kurchatov array operated by Lamont.

Russia: Central Urals
We have a list of quarry/mine names, their location, and distance from the
IRIS/GSN/GSETT-3 station at Arti (ARU) in the Urals.

Russia: Far East region (“Primorye”, 43.5-56 N, 123.5-138.5°E)
We have a map and a listing of quarry/mine locations, and lists of blast times and blast
signal strength.

Ukraine
We have the location of 24 major quarries and mines active in the years 1986 — 1990, and
23 examples of blasts of known latitude, longitude, origin time, and total charge size.

Complete details on the above data, and additional data, will be supplied in future technical
reports. In this paper there is space to give only a brief account of two aspects of our newly
acquired data. Thus, we have examined:

(1) the distribution of the sizes of seismic signals resulting from blasting, and have
compared this distribution to the results for earthquakes in the same region, paying
particular attention to the size of the largest blasting events (largest, in terms of
seismic signal strength); and

(2) the time distribution (time-of-day) of blasting signals.

Russian and other CIS countries routinely report the strength of seismic sources using the
K value, which was designed originally to be an estimate of the logarithm of the total energy, in
joules, of radiated seismic waves. The relationship between K value and values of seismic
magnitude, on scales commonly used by western seismologists, will be examined at a later stage in
our project. Sufficient here to say, that the approximate relationship is

K=9+2.32* [my - (3.35%£0.25)].
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It follows that the K value of blasts of a size likely to be of interest in the context of CTBT
monitoring, is around 9 and greater. In some cases there may be interest in blasts with K
somewhat less than 9.

It is clear from Table 1 that blasting activity in Kazakhstan is currently much reduced from
levels reached during Soviet era. We believe this reduction is likely also to have occurred in
Russia and Ukraine. Much of our data comes from the years of greater activity, prior to 1992.

Table 1. Annual numbers of quarry blasts in southeastern Kazakhstan during 1985 - 1994.

Ranges of K - values
Year Total 8.5-8.9 9.0-9.4 >9.4

1985 405 4
1986 371 4
1987 431 5
1988 551 14 9 2
1989 461 21 3 1
1990 489 10 2 2
1991 476 8 2 1
1992 324 2 0 1
1993 136 1 0 0
1994 89 1 0 0

Figure 1 shows the numbers of events (blasts, and earthquakes), in each unit of energy
class K, for more than 5000 blasts in a region of southeast Kazakhstan that includes the capital
city, Almaty. This display is similar to a typical magnitude-frequency relation, plotted with an
incremental rather than a cumulative frequency. Note from the straight-line fit to the earthquake
data, that the detection capability of the network used to prepare this Figure is good down to at
least K =7. The blast data do not follow a straight line at lower values of K. The fall-off of blasts
with signal strength above K = 8 is much faster than the fall-off for earthquakes. There are very
few blasts events with K 2 9.

Figure 2 shows the numbers of blasting events at four specific mines/quarries in the same
region covered in Figure 1, and again we see the rapid fall-off of events with seismic energy class
K 2 8, and the paucity of events with K > 9. These two features are found for all regions of the
former Soviet Union for which we have so far acquired data. Whereas the b-value in the usual
magnitude-frequency relation is about unity for earthquakes, the b-value for blasting is greater
than 2 in all the regions we have studied so far.
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Figure 3 gives the numbers of events per hour-of-day, using GMT, for four different
mining areas. The Figure shows that blasting activity is concentrated at certain times, namely
during the hours at the end of the regular working day. This feature of blast activity is interesting,
in view of the similar type of plot shown in Figure 4, which is supposedly the numbers of
earthquakes per hour-of-day, using GMT, for the Caucasus region. Reasons for the departure
from uniformity include a variable noise level (so that more events are detected during quiet times),
and failure to eliminate all the blasts. The latter explanation seems more likely as an explanation of
the peak in activity shown at 1230 hours GMT, and the similar peak for the top left panel of Figure
3. The peak at around 2000 to 2200 hours GMT is not explained.

RECOMMENDATIONS AND FUTURE PLANS

This project is only 5 weeks old at this time of writing. We expect to acquire further lists
of blasting events, and associated information on charge size and signal strength, for different
regions including the former Soviet Union, Australia, Canada, China, Korea, and the U.S. We
shall document the observability of these events, paying particular attention to any blasts observed
teleseismically, and for them we shall compare values of magnitude assigned on different scales.

We also have begun a project to document large single-fired chemical explosions, several
of which occurred in the nuclear weapons program of the former Soviet Union. These shots were
conducted during 1959 - 1961, in order to gain experience, with chemical explosions, that would
assist with the later underground nuclear explosions that began in 1961. These unusual chemical
explosions were very similar to the U.S. “chemical kiloton™ shot of September 1993.

ACKNOWLEDGEMENTS .
We appreciate the assistance Dr. Natalya N. Mikhailova from the Institute of Seismology of

the Kazakhstan Academy of Sciences, and Dr. Anna A. Godzikovskaya from the Hydroproject
Institute in Moscow.

REFERENCES

Paul G. Richards, Douglas Anderson, and David Simpson, A Survey of Blasting Activity in the
United ggéates, Bulletin of the Seismological Society of America, 82, 1416-1433,
June 1992.

Paul G. Richards, Blasting Activity of the Mining Industry in the United States, in Proceedings of
a Symposium on the Non-Proliferation Experiment: Results and Implications for Test
Ban Treaties, sponsored by LLNL/Department of Energy, CONF-9404100, pp. 2-16
to 2-35, April 1994, Rockville, Maryland, ed. M.D. Denny, 1995.

557




*(¢°€ — € punoIe qu ‘st jey))

I91ea1d pue ¢ = Y [9A9] Y3 1B SISB[q MIJ KI0oA I8 A1oy], ¢ 7 — = (qu)p/(N Sop)p 01 spuodsanuod sise[q

surw 10j odoys sy L, £ = ) 03 umop a9[dwoo aq 03 steadde unefing o pue ‘9’1 — = (Qu)p/(N Sop)p 01 Surpuodsariod
‘€p°0 st sayenbywues 1oy ados oYL, ‘y661 — 8861 pourad oy 0] ‘weisypyezey] ‘ASojowsiog 10y Amusuy ay) Aq paredaxd
unafing oy ur pariodal sHUAAS Yons 6€S uodn paseq st SISe[q 10§ 9AINI YL (T 508 ~ SL ‘N o9¥ — TP ‘UBYS-UILL
WIOYLION)) ueisyyezey] 1SeayInog U s)selq ourw pue sayenbyres 10j saAInd 9ououndar Jo uoswedwo) 1 andry

seyenbyyee 10} 1l OUl| e se)enbyue3 y¢ sise|q eu O

) ‘ssejo ABisu3

oOvk  0€L 02 0Lk 00} 0'6 0’8 0L 0’9 0's
743 0°0

0t

S’}

0°¢

¢

O
(S0 + X 01 G0 - Y) rewuawaioul ‘(M)N Boy

't

558




‘SauTW Ye[ng-Iniey pue eYAI3I090) 9y} JOJ SIAIND e WY3U oY) U "SIUIW ZMYY PUk [BIY () JOJ SIAIND 1B ‘13 91 UQ
(6°¢ — ¢ qu 03 Suipuodsaniod) ¢ = I Y sIse[q Aue J1 mIJ Suimoys [[e pue

‘L 9A0Qe uISBAIOUL SSE[O I YIIM SISe]q JO Joquunu ur duioap Juons e Juimoys [[e

‘Y661 ~ 8861 SuLnp uelSyNLZLY UISISLIYINOS U sulw Inoy woly sjeudis Sunse[q JO SIAIND JOUILNOA Y], 7 a1

0l

sulw Yejng-ime)| y¢  sulw exneibioen oUW ZNpY &  eulw [ely v
) ‘ssejo ABieuy | ‘ssejo ABieu3
6 8 L 9 S 14 0l 6 8 L 9 S 14
00 00

PaN

A

o't 4 — 01
St e Sl
0'¢ 0'¢

(L =)Ye1'G°0+ M 0150 - M) [euawaoul ‘(M)N Bo
(1 =M7e1'6°0 + M 01 G0 - Y) rewawaioul ‘(M)N Boj

¢z 52

559




"Kep YIoM 3y} Jo puo 31 01 Furpuodsariod Wyl [B0] € 18 SINOO0 WNWIXRW oY) 958D YOBS I Inq ‘(WYSLI W01j0q 995) 1SEH 18
ueissny oy 1oy pue ‘sodwiexs uvisyyeZEY 0M] 9Y) J0J SNSEONED) U3 01 103dSaI YIM payys ST wnurxew oy, “(Kep Yiom ay)
JO pua 3yy) dwi [820] SIN0Y 91 ~ 6T 01 Furpuodsariod ‘ LIND UOOU J& SINOJ0 el wnwrxew 3y ‘(1yo] doi 99s) snseone)) [HION
91 104 “UO() JAIAOS JIWIOJ dY) UL SUOIST UIAJJIP INOJ 10] ‘Aep ayi 1n0Y3noIY) SISL]q SUIW JO UOHNGLISIP SYL, "¢ IS

1D ‘sinoy ‘Aep jo awiy 1D ‘sinoy ‘Aep jo e}
ve 0¢ 91 ¢! 8 14 0 ve 02 9} A
I | 111 11 O 1 11 || O

I @ o
- 'Y 1]
ECTI- oz
- 8 =001 @
S / ; #
\ m .m ’\ - 0G1 .M
¥ - 3 - 00z 3
n = < - 5

0t C- 0G¢

(afsowilng) 1se3 Je4 uBISSNY BY) Ul SISe|q DUIN uelsyiezey| UIB}SEBYINOS Ul sise|q sulpy

1D ‘sinoy ‘Aep jo ewi] 1D ‘sinoy ‘Aep Jo ewi|
144 0c 91 cl 8 14 0 ve 0¢ 91 4 8 |14 0

1L 1 | . | 13 1 _ O
oloiolotololhs t«(aW 0 5 5 @
[~ » — 0} 8
— o0z = w - %
” < — 02 <
- g \ - S
— 0y & J — 0t &
- 8 oy 8
— 09 = 5 g
- m. - 0 .m.

— 08 E_ 09

uejsyyeze)y| ‘g ‘uoibel |Inquiezq ay} uy sise|q auly snseane) N ‘uoifal edeuy sy} ui sjse|q auly

560




*(1391 doy *¢ 2181 ynm aredwiod) angofered STyl ur urewI s)se[q
Qwos jey) syeadde 11 ‘sInoy gz Jedu wnwixew 3uons e Jo 30uasard ay) wos] "yieyg dY1 JO SIISAYJ JO mmsul

oy Aq Arenuue poysiqnd ‘ JSSN 2 ut sayeabyweg,, woly 9861 — 96T SIeIK oY) J0J udxel ‘saxenbyires
Jo angopeied snseone)) [BIONJO Y] UL SIUIAD 10] ‘(LIND) Aep JO 2wir 01 109dsa1 (iim uonngmsip oYL ‘ angig

LND ‘sinoy ‘Aep jo ewi}

ve 0¢ 91 (A 8 L4 0

I { { | B W i 1 1 1 1 I} ] ] 1 1 1 1 omN

}S : 00t

w
@,
- 7
s 3
| (]
/ 5 e
L ose 8
i &
i 3
i = o
[~ [e]
00y £
o5t

pasowsais Buyse|q yum Ajpesoddns ‘Bojejes snseonen

561




