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This paper presents the analysis of regional Lg and
Rayleigh wave data pertaining to the Indian explo-
sions of 11 May 1998 (POK2). Strong Lg and
Rayleigh waves have been recorded at several in-
country stations. A comparison of Lg waves at Gau-

ribidanur array (GBA), India corresponding to
POK2 and that of the Indian explosion of May 1974
(POK1) shows an amplitude ratio of 3.7 between
these events. This leads to a yield ratio of 4.83 be-
tween the two events. Analysis of Rayleigh waves
revealed that Nuttli’s relation for estimation of sur-
face wave magnitude (M) in the period range 3.0-
12.0 s based on eastern North American data is also
applicable for the Indian region. The average M,
value of POK2 from regional data is obtained as
3.56. The yield estimate of POK2 as obtained from

the regional data analysis 1s found consistent with
our earlier findings and the post shot radiochemical
measurements.

THREE nuclear explosives were detonated by India on 11
May 1998 at the Pokhran test site 1n Rajasthan. These
explosions, comprising a thermonuclear device, a fission
device and a subkiloton device emplaced in spatially
separated shafts', were triggered simultaneously. The
seismic wavcs generated by these explosions were re-
corded at a large number of regional and telescismic
stations. The combined yield of the two large explosions
(POK2) was estimated earlier'™ using the following
methods:

(1) By selecting the global bodywave magnitude (my)
estimates corresponding to the constructively interfered
signals from the simultancous explosions of POK2 and
using a m, versus yield relation appropriate for the
Pokhran test site”; (2) By comparing the global my, esti-
matcs of 18 May 1974 e¢xplosion (POK, used as a cali-
bration event) with those of POK2 as rccorded at erght
common stations™; (3) By using the surface wave magni-
tude (M,) estimates’ and Murphy's relation” for M,
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versus yield; (4) By comparing the acceleration values
corresponding to POK2 with those of the explosions
conducted in similar geological conditions”,

All the above methods consistently gave yield esti-
mates of 58 = 5 kt (refs 2, 3). This estimate is in agree-
ment with the yield of the thermonuclear device of
POK?2 obtained as 50 + 10 kt from the post shot radio-
chemical analysis”.

In this paper we report the analysis of regional Lg and
Rayleigh wave data corresponding to the POK2 explo-
sions. The inference drawn on the combined yield of the
POK?2 explosions based on various magnitude estimates
1s also summarized.

The seismic Lg wave is one of the many regional
phases that propagates in the continental lithosphere.
The Lg or the surface shear wave is a wave-train ob-
served on all three components of ground motion and
propagates 1n a crustal wave guide. The initial periods
of these waves are about 0.5-6.0 s with a sharp com-
mencement. In general, the amphitude of Lg phase at

- regional distances 1s larger than any other conventional

phases for the continental paths. The group velocity of
Lg waves near its onset is about 3.5 km/s. Due to the
1sotropic nature of Lg wave radiation pattern, reliable
magnitude deternfination can be made from the data of
only a small number of stations™’. A single station with
good signal to noise ratio (SNR) can provide m, (Lg)
measurements with an accuracy (one standard deviation)
of about 0.03 magnitude units’. Therefore, Lg signals
appear to provide an excellent basis for supplying
estimates of the yields of nuclear explosions even down
to below 1 kt, when such signals are recorded at high
quality digital, in-country seismic stations, and
when calibrated by access to independent yield intor-
mation for a few nuclear explosions at thc test sites of
interest.

Nuttli® proposed that, since Lg represents a higher
mode wave travelling with minimum group velocity, 1t
would be appropriate to relate Lg wave amplitude (A)
and distance (A) by the following equation:

A = K-A™"(sin(A)) 2 exp(-yA), (1)

which 1s also the expression for the amplitude of dis-
persed surface waves measured in the time domain cor-
responding to the Airy phase’. In ¢q. (1), K is a constant
coverncd by the source strength and ¢ 1s the anclaste
attenuation coctlicient which s related to specttic qual-
ity factor Q by Q = a/UTy, where U 18 the group veloe-
ity and T is the period of the wave, In order to obtain the
valuc of my (Lg) it will be necessary to estumate y tor a
particular source~receiver path. There are several meth-
ods for estimating v, however, we have followed the one
uscd by Nutth®, Having estimated y, my, (L.g) can be ob-
tained from the relation'’,
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mp(Lg) = 3.81 + 0.831 logioA +

y(A - 0.09)og;ee + log oA, (2)
(a)
where A is in degrees and A corresponds to amplitude in Rayleigh Wave
microns at stenal periods close to | second. Pn L9

The POK2 test site and the stations used in the present L 410 l

study are shown in Figure 1. Figure 2 a shows the broad- Bl %JML | 4'*.&
band setsmogram as recorded at Bhopal observatory “ri’i “f"""ii‘r?iin-”r‘ff*l‘ ﬁ‘
(BHPL), a station run by the India Meteorological De- |
partment (IMD), India. Clear Lg and Rayleigh waves
with hich SNR are seen in the seismogram. It may be | 40 80 120 160 200 240 sec
interesting to point out here that though the Nilore sta-
tion in Pakistan (NIL, an international monitoring sta- _ b
tion) is situated at a similar distance (A = 6.68°) from on Pq 2 Sn Lg
the POK2 site when compared to BHPL (A = 6.34°), the
Lg wave on NIL record is highly attenuated (SNR = 3.8,
see Figure 2 b) in comparison to that on BHPL record
(SNR =78). This shows that Lg wave attenuation along
the path between NIL and POK2 site 1s much higher
than that along the path between BHPL and POK2 site.
The large variations in the amplitudes of the Lg wavesat ¢ = &= 0
BHPL and NIL which is located in Himalayas, may be
attributed to the different geologic and tectonic settings  Figure 2. a, Broad-band seismogram corresponding to POK2 as
of these locations. The m, (Lg) estimates as obtained recorded at BHPL, India; &, Seismogram generated by POK2 at NIL,

from three IMD stations, viz. BHPL (B hopal), POO Pakistan. High attenuation of Lg waves on NIL rec:_ord in comparison
to that on BHPL record is conspicuously seen. Time scales for the

(Pune), BLSP (Bilaspur), and GBA (Gauribidanur array) seismograms are given at the bottom.
are listed in Table 1. The average my, (Lg) estimate from
these stations is obtained as 5.47 with a standard devia-

\!M |
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tion of 0.06. The low value of standard deviation Table 1. Estimates of my (Lg) from regional data
Station Distance (°) Azimuth (°) mp (Lg)
BHPL 6.34 126.1 5.43
POO 8.73 167.4 5.46
BLSP 10.58 115.7 5.57

GBA 14.41 157.7 5.42

implies that the average value of Qy (Q at | Hz) is ap-
proximately constant over an area containing the epicen-
ter and the stations lying in the azimuth range of 115.7°
to 167.4°. It may be noted (Figure 3) that the Trivan-
drum observatory (TRVM, A =19.12°) of the IMD re-
corded strong Lg waves of ~4s period on LP
seismograms. As the short period data from TRVM is
not available, estimation of my, (Lg) using 1 s period Lg
wave could not be done. Nevertheless, the amplitude of
4 s period Lg wave is apparently consistent with the av-
erage m, (Lg) estimate as obtained from data at the other
four stations. However, the Ajymer observatory (AJM,
A=1257°) of the IMD recorded much attenuated Lg
waves compared to the other five stations. This could be
due to its proximity to the Aravali ranges. Thus, the path
- e 97°p  between the POK2 site and AIM 1s characterized by a

higher y value than that of the other five stations. This 1s
not surprising due to the fact that a similar phenomenon
related to the Lg wave attenuation has been observed in

Figure 1. Map showing the POK2 site and the stations used in the
present study.
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North America® and Middle East'!. In view of the above, Table 2. Estimates of M, from regional data
we feel that the data of AJM should be analysed sepa-

rately by usmcr the coda of the L 12 Station  Distance (°) Azimuth (°) M, (Nutth) M; (authors)
e Lg wave

Figure 4 shows the short period seismogram of GBA. AJM 2.57 103.4 3.32 3.41
The GBA seismogram, like that of BHPL, also has very =~ BHPL 6.34 126.1 4.00 4.03
: - POO 8.73 167.4 3.20 3.21

strong Lg wave. From GBA da e ]
S L8 A data the amplitude ratio of  pre, | oo 115.7 3.74 3.74

Lg waves between POK?2 and POK1 (I'ef. 13) at 1 s Pe- GBA 14 41 1577 355 3.53

riod 1s obtained as 3.7 which gives the difference in  TRVM 19.12 164.4 354 350

magnitudes (Amy(Lg)) between these two events as0.57. —— —r-—¢ o o—087 mmorri i ——
For POK?2, very few stations at teleseismic distances

have reported M, estimates based on the amplitude

around 20 s period. To be precise, there were only four SNR 1 X ) p |
teleseismic M, observations when compared to 160 ob- ave been observed at several stations. The

servations corresponding to my, as reported by the United Rayleigh wave detection capability is sensitive to rap-
States Geological SUI’VBY (USGS), the International ldly changmg noise levels and 51gna1 interference.

Data Center (IDC), USA and the Kyrgyz network Nuttli® in his study with central US earthquakes noted

(KNET). However, at the regional distances (A < 20°) tl?at thouﬁgh the Ray]elgh waves of 3- 12_s periods at re-
gional distances yielded M, value as high as 4.08 no

teleseismic surface waves of 20 s period were detectable
for a given event. Nuttli concluded that 20 s period
g Rayleigh Wave waves for this event were too small to be observed at
large distances and the microseismic level was also too
high.
The average surface wave magnitude for POK2 using
the four teleseismic observations of the USGS is ob-
HE tained as 3.57 based on the formula adopted by the
International Association for Seismology and the Phys-
ics of the Earth’s Interior (IASPEI)'®. Using the value of
|HT - M =3.57 and the regional data from six stations corre-
sponding to POK?2 having signal periods between 3.5

| and 7.0 s, a relation for M, (authors) is obtained as
N SN SR S SN S

ﬂ . ] 2 3 mnt - . ) |
TRVN ”mygg 1023 0 M;=2.75+1.51 log (A) + log(A/T)pax. (3)

Rayleigh waves in the period range 3.5-7.0' s with high

. . -6
. . 1onal distances between 2° and 20°. Nuttli’ has
Figure 3. Long period 3-component seismograms at TRVM. India, For reg

as generated by POK2. Clear Lg and Rayleigh waves are seen on the  proposed the formula
\CINIMOEZrams.

e R Ms=12.6+1.66 log(A) + 1og(A/Tax, (4)
- Lo 1 where A 1s 1n degrees and (A/7),,,, 1S the maximum value
of A/T 1n microns per second (A i1s zero to peak value)
for vertical component of Rayleigh waves having peri-
ods between 3 and 12 s. Nutth has used eastern North
American data for arriving at the above relation. The A/,
estimates obtained using these two relations are listed in
Table 2. It may be secn that both the estimates are ex-
tremely close to cach other. Nuttli’s rclation gives an
average M, value of 3.56. The estimates of standard de-
viations for M, (authors) and M, (Nutth) are obtained as
(0.259 and 0.263, respectively, As the dilference be-
tween these standard deviations s very small, we con-
]t et ettt a) Clude that Nuttlis relation, which has hc.:-::n dcr‘ivcd l'rc:m
. 100 <00 >00 404 P00 buo 00 the data of some independent events, 1s apphicable for
Time (<) the Indian region as well,
Figure 4. Short penod seismogram as generated by POK2 ot GBA, The amount of energy lI’Lln'SIHIFth‘d ;.1:-': .56_151'“1*3 .t'illfl‘l;gy
Indra. Strong Lg waves are recorded at GBA from these ¢xplosions, due to an undcrgmuml cxplusnm > (ml) a small fraction

{ 1
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of the total energy. Further, the strength of the scismic
signals generated also depends on the host medium.
Morcover, the signals recorded at a seismic station de-
pend not only on the above factors but also on the wave
transmission characteristics of the path which varnes
from region to region. Therefore, 1n order to remove
these unccrtainties the strength of an explosion from
scismic signals should be estimated in relation to a
nearby calibration explosion, the yield of which 1s al-
ready known'”. The ratio of yields between two explo-

sions can be cvaluated by using the difference in their

magnitudes, AM, expressed as
AM = C log(Y/Y¢), (5)

where Y and Y are the yields of the given explosion and
the calibration explosion, respectively and C is a con-
stant.

The value of Amy, (Lg) =0.57 at GBA together with
a value of C=0.833 corresponding to unsaturated
material’ gives the yield ratio between POK2 and POK1
as 4.83 based on Lg waves. This is almost close to the
yield ratio of 4.46 obtained earlier from P wave data of
eicht global stations which were common to both the 1974
and 1998 events’. Using the reported yield of POK1 as 12
to 13 kt (refs 13, 16), the yield of POK?2 based on Am,
and Amy, (Lg) values (Y, and Y,,, respectively) 1s ob-
tained as 54 kt < Y, <58 kt and 58 kt < I}, < 63 kt, re-
spectively. Combining these two estimates we get the
yield, Y, of POK2 as 54 kt < Y < 63 kt. It may be added
that the rock mechanics phenomenology calculations
based on the reported yield of POK1 reproduced the
measured cavity radius, spall velocity and the extent of
the rock fracturing'’. The reported yield of POK1 was
also found consistent with the analysis of global data
carried out by Marshall et al.'® and Bache'’.

The average M, value from six regional stations has
been estimated as 3.56. Using Murphy’s relation be-
tween M, and yield® Y, for less than 100 kt explosions,

M,=2.14 + 0.84 log (Y,), (6)

Y, for POK?2 is obtained as 49 kt. However, relation of
Evernden and Marshm,

log (Y,)=0.762 M, - 1 (7)

which 1s applicable to explosions in hard rock any-
where, gives Y as 52 kt.

The above yield estimates which are found consistent
with the yicld obtained from post shot radio-chemical
analysis of rock samples show that the yield estimates of
Barker er al.”' and Wallace** are too low. The low yield
values may be attributed to the fact that these authors
have used only teleseismic P wave data and not taken
into account the source geometry of POK2, source pa-
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rameters and the site-specific geophysical parameters.
Moreover, they have not used the global M, observa-
tions for estimating the yield of POK2, as done by
Evernden™, which lead to a value closer to our esti-
mates.

After going through a detailed analysis of the data
corresponding to POK2, the following conclusions are
arrtved at,

(1) At the regional distances, L.g waves having high
SNR were observed at several stations. Average m, (Lg)
obtained from such data was 5.47. Though the NIL sta-
tton 1n Pakistan and BHPL in India are situated at simi-
lar distances from the POK2 site, the observed Lg wave
amplitude at BHPL was much higher than that observed
at NIL. It may be further emphasized that not only
BHPL, but several other in-country stations including
GBA have recorded Lg waves with high SNR. This sug-
gests that the attenuation of Lg waves in the peninsular
Indian region is, in general, lower than that along the
path between NIL and POK?2 site. The amplitude ratio of
Lg waves at GBA between POK2 and POKI at | s pe-
rtod was obtained as 3.7, resulting in an yield ratio of
4.83 between these events.

(2) Rayleigh waves observed at regional distances
gave an average M, = 3.56. For Indian region, Nuttli’s
relation® for estimating M, based on 3-12s period
Rayleigh waves was found applicable.

(3) From Am, and Am, (Lg) values between POK?2 and
POK1, the vyield of POK2 1s estimated as
S4kt<Y< 63kt in comparison to that of POK1 as
12 kt< Y < 13 kt.

In short, the yield estimates obtained from both tele-
seismic as well as regional data are consistent with each
other and the estimates are in agreement with the radio-
chemical analysis of rock samples recovered by post
shot drillings”.

- il . ki

. Sikka, S. K. and Kakodkar, A., BARC News Letr., 1998, 172,
-4,

2. Sikka, S. K., Roy, F. and Nair, G. J., Curr. Sci., 1998, 75, 486—
491.

3. Sikka, S. K., Roy, F., Nair, G. J., Kolvankar, U. G. and Kakod-
kar, A., BARC News Lett., 1998, 178, |-5.

4. Murphy, J. R,, Bull. Seismal. Soc. Am., 1977, 67, 135.

Manohar, S. B., Tomar, B. S., Rattan, S. S., Shukia, V. K.,

Kulkarni, V. V. and Kakodkar, A., BARC News Letr., 1999, 186,

|-6.

6. Nuttli, O. W, J. Geophys. Res., 1973, 78, 876-885.

Nuttli, O. W., J. Geophys, Res., 1986, 91, 2137-2151.

8. Hansen, R. A., Ringdal, F. and Richards, P. G., Bull. Seismol.
Soc. Am., 1990, 80, 2106-2126.

g. Ewing, W. M., Jardetzky, W. S. and Press, F., Elustic Wyves in
Layered Media, McGraw-Hill, NY, 1957, p. 358.

10. Herrmann, R. B. and Nuttli, O. W., Bull. Seismol. Soc. Am.,
1982, 72, 389-397.

[I. Rodgers, A. J., Ni, I. F. and Hearn, T. M., Bull. Seismaol. Soc.
Am., 1997, 87, 396-413.

WA

]

CURRENT SCIENCE, VOL. 77, NO. 12, 25 DECEMBER 1999



i i el - i

RESEARCH COMMUNICATIONS

12. Herrmann, R. B, Bull. Seismol. Soc. Am., 1980, 70, 447-4068.

13. Nair, G. J., Some Seismic Results of Rajasthan Explosion of 18
May 1974, AG224, Procurement Executive, MOD. UK.

14. Bath, M., Handbook on Earthquake Magnitude Determinations,
Setsmological Institute, Uppsala, Sweden, 1969.

15. Dahlman, O. and Israelsson, H., Monitoring Underground
Nuclear Explosions, Elsevier, Amsterdam, 1977.

16. Chidambaram, R. and Ramanna, R., Proc. Tech. Committee on

Peaceful Nuclear Explosions 1V, Vienna, IAEA, 1975, pp. 421~
435.

17. Chidambaram, R., Sikka, S. K. and Gupta, S. C., Pramana,
| 985, 24, 245.

8. Marshall, P. D., Springer, D. L. and Rodean, H. C., Geophys. J.
R. Astron. Soc., 1979, 87, 609-638.
19. Bache, T. C., Bull. Seismol. Soc. Am., 1982, 72, S131.

In vitro haemorrhage-like activity of
Russell’s viper (Vipera russelli
russelli) venom from Eastern India
with mice organs
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Vipera russelli russelli (Indian subspecies of Russell’s
viper) envenomation causes severe haemorrhage in
different organs of the victim’s body. Application of
crude venom extracted from Russell’s viper of East-
ern Indian origin on sliced tissues of BALDB/c mice
shows that among the target organs like lungs, kid-
neys, heart, brain, eye balls, etc. liver 1s most potent
in terms of release of haemoglobin and hence blood.
Spectral and size-exclusion HPLC analysis indicate
that it is only haemoglobin that gives absorption of
the extract at 540 nm. Release of haemoglobin fol-
lows second-order kinetics depending on both con-
centration of venom and amount of tissue incubated.
The reaction is completely inhibited by venom anti-
body indicating absence of artifacts in the process.
Approximatcly 20% of the release of blood may be
accounted for fibrinolytic and haemolytic activity of
the venom. Treatment of different inhibitors with
venom shows that in cases where n vitro release of
blood was partly or fully inhibited, good correlations
were observed with in vivo haemorrhage and also
with lethality, Thus the protocol may be developed
for an emperical assay system to assess antihaemor-
rhagic property of a substance.

SNAKE envenomation is a WHO identified occupational
hazard for paddy farmers in South-east Asian countries,
Incidents of snake bite lcading to death are common n
many tropical countries during or after the rainy scason
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because of increased human settlements at the natural
habitats of snakes. Vipera russelli russelli (Indian sub-
species of Russell’s viper) is one of the four major
classes of snakes that causes death in the Indian sub-
continent. Its venom consists of many active compounds
that cause coagulopathy, necrosis, renal failure, neuro-
toxicity, myotoxicity, cardiotoxicity, convulsions, hy-
potensive,  anticoagulation, etc. Among these,
haemorrhage from the site of bite, unhealed wounds,
liver, lung, kidney, intestine, eye ball, brain, etc. of the
victim 1s severe and is a major manifestation of en-
venomation though renal failure is considered as the
primary cause of death'.

The observed haecmorrhage may be the combination of
three major factors like rupture of capillary membranes
carrying blood, fibrinolytic activity to melt clots and
inhibition of one or more blood clotting factors. What-
ever may be the contribution of each factor, 1t is rela-
tively easy to mcasurc haemorrhage among other
pathophysiological factors of venom bccause of ease
and quantitation of released haemoglobin. It may be
noted that the only treatment available 1n the market for
snake envenomation is application of antivenom and its
application 1s continued as long as the blood clotting
time of the victim falls within the normal range.

Thercfore, inhibition of haemorrhagic potential of the
venom toxins by ccrtain compounds may be considered
as a preliminary index of 1ts antivenom character. How-
cver, there 1s an intriguing variation in the clintcal manti-
festation ol envenoming by Russcll’s  viper  from
neighbouring countrics like Sr1 Lanka, Burma, Thailand,
China and Taiwan'?®. Though hacmorrhage is common,
some pathological effects are either variable or question-
able or absent altogether, Even venom compaosition of
Russell's viper from different regions ol the Indian sub-
continent was found to be distinctly difterent as reveated
by sodium dodecylsulphate-polyacrylanude gel clectro-
phoresis’. Moreover, hacmorrhagic toxins purilied from
Russell’s viper from different geographical locations
have shown organ specilicity in test ammals ~ ey,
the most basic phospholypase A> of Southern Indian
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