Title

Author

Earthquakes caused by dams

R. Ashok Kumar

Copyright ©2007 Ramaswami Ashok Kumar

Corresponding(first) author: R. Ashok Kumar

Mailing Address:

Phone:

E-mail address:

1/13, Telec Officers’ CHS., Ltd., Plot 30, Sector 17, Vashi, Navi Mumbai-
400703
022-27896209

rakumra@yahoo.com

Prelude

Mother Earth of Nature

Man part of nature!
With democratic powers

Shocking and awesome

Full of greedy thoughts
Conquering nature

Amassed special wealth

There is false knowledge
Clinging to one as if it
Were all heedless of

The consequences
Heedless of the harm to earth

Narrow dull and dark

Destroying marshes
Killing mangroves and swamps
Old trees on hillsides

Subcontinent cleared!
Reservoirs great were built fast
They rapidly filled

During all monsoons

And rapidly were they drained
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Every dry season

Dams year after year
Dotted the subcontinent

Countlessly increased

On inter(intra) faults
Water moments changed so fast
They quaked mother earth

Dams controlled earthquakes!
Till at last great ones occurred
So shallow off land

Boomeranged back west
Fast accurate tsunamis!

Creating chaos!

Men part of nature
Destroying nature for self
Themselves sure destroyed!

They are the culprits
They should relearn harmony
Specialists modern

Reforest the earth!
Reverdure your call before
More great boomerangs!

Demolish excess!
Life way born out of nature
Womb of mother earth!

Is forever safe
Healthy wholesome longlasting

You part of nature!
R. Ashok Kumar
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The paper examines the consequences of harnessing rainfall behind some 4500
dams in India. Changes of geological magnitude are occurring in an instant,
rivaling the effects of ‘tectonic plate forces’. The article provides epidemiological
evidence including correlation with stress relief in rocks to show that the force and
moment waves, because of dams on the Indian subcontinent are a cause of the
waves of worldwide earthquakes. Dry season earthquake parameters in percent
are a faithful reproduction of those for the monsoon. A significant race is on
between the two seasons to record the biggest earthquake ever. The paper
expects earthquakes of magnitude 8 MM or greater in the coming monsoons
following the displacements caused by the 9.4 MM great Andaman earthquake.
The article shows that the pendulum of the earthquake wave has synchronized with
the pendulum of the wave of applied rate of change of water moment-a state of
chaos.

Key words : hydro- cycle, India, dams, force surges, moment-surges,waves of

earthquakes, causality, displacements, prediction, chaos.

INTRODUCTION
The earthquake at Bhuj on 26th January 2001 was preceded and followed by a number of
earthquakes worldwide. The pattern depicted by this phenomenon raised a question whether the
archimedian lever effect caused by the oscillating weight of waters behind large dams on the Indian

subcontinent caused earthquakes worldwide. The earthquakes were so far thought to be caused by
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some dams only locally by the pore pressure effect. However, the dynamics of the earth appeared to
be affected by the rapidly rising concentration of waters behind dams during the gigantic transfer of
rain-waters from the oceans to the Indian subcontinent by the South-West monsoon and by the
withdrawal of the waters during the dry season thereafter. Hence the following hypothesis was

formulated and nvestigated.

THE HYPOTHESIS

In this article a hypothesis is proposed that the weight of waters behind dams on the Indian
subcontinent exerts rapidly changing moments on faults, which display stick-slip behavior. This results
in earthquakes worldwide with a regularity typical of the South-West monsoon on the Indian
subcontinent, followed by water withdrawal during the dry season. The hypothesis is tested by a
statistical analysis of earthquake data and its correlation with water moments caused by dams. Dams
other than the Indian are excluded fromthe study. The reasons are as follows. Assuming that the study
shows a statistically significant result that the dams in India are causing worldwide earthquakes, there
are two possibilities for the result for a study with the other dams excluding 1)the Indian dams and 2)
other dams in areas having similar hydrological cycle: Either the result is significant, in which case the
others act similar to the Indian, or the result is not significant, in which case the other dams do not cause

worldwide earthquakes.

THE WATER MOMENT AND ITS RATE OF CHANGE

The 124 year ramfall data (1871-1994)(Columbia University Website) for each month from June
to September, was used to compute the mean rainfall and the running mean rainfall for each of these
months for India and expressed in percent of the running mean rainfall total for June to September. The
monthly rainfallis taken as a measure of the change in the water moment during the month. The weight
of water acting at the center of gravity of all the water masses behind the reservoirs exerts moments
m all directions about the center of gravity. This moment becomes effective whenever a fulcrum is
offered at the faults (stick-slip phenomenon). The dry season period from October to June witnesses

water withdrawal from the reservoirs and is assumed to be a linear draw down from 100 percent



storage at the begin of October to zero percent storage by the end of May. It is not the water moment,
but its rapid rate of change that is being studied here for its effects. Today simultaneously, behind dams
mn India part of the Indian subcontment more than 300 billion cubic meters (BCM) of water are
collected each year during the monsoon. The dam storages rise fromzero at the commencement ofthe
monsoon to more than 300-400 BCM in just 4 months. This is withdrawn in 8 months of the dry
season from October to May. Thus atthe center ofgravity (23,78.75) ofthese water masses, a gigantic
surge wave of'the rapidly changing vertical load rises from zero to 300-400 billion tons in 4 months of
monsoon and slumps to zero by end May. This is a force application at the center of gravity of the
water masses whose wave rises at the rate of about 326 million newtons per second during the
monsoon. This is a giant wave of changing load at the rate of 33000 tons per second or equivalent to
a rapidly rising water column head of 33 kilometers per square meter every second at the center of
gravity for 4 months of the monsoon: a pressure wave of 325 million pascals per second! During the
dry season from October to May, this reduces progressively to zero by release of a wave of force at
half'this rate! This caused a total rate of change of water moment on the Sagaing fault during the 2000-
2001 hydrological year of the order of 1183*10"19.05 Nmvyear(Table 7). This corresponds to a
surge wave of bending moment at the Sagaing fault, changing at the rate of 420 million megawatts
(MW) of power during the whole year! Note that during four months ofthe monsoon, one half of the
total annual change of water moment of 1183*10719.05 Nm was applied on the Sagaing fault, which
is a rate of change ofapplied bending moment of 630 million megawatts power. During the dry season
of eight months, the remaining half of the change in bending moment was released at half this rate or
315 million MW. During the same year the total seismic moment released during 1-9.9 MM (moment
magnitude) earthquakes in the region, -90 to 90 degrees latitude and 78.75 to 180 degrees longitude,
was 987 *107°19.05 Nm. This is an average seismic moment release at 351 million MW of power! So
we are dealing with geological time scale and type variations in an instant (every second of every year).
Such gigantic waves ofrepeated alternating rate of change of moment applications throughout the year,
every year, on faults, and their consequences, form the subject matter of this article. With deep

continental roots and cratons welded to the underlying mantle (Pratt 2000), it is possible indeed that



the force and moment surge waves travel throughout the earth and when they meet faults, the stresses

build up causing them to snap releasing earthquakes.

THE SCIENCE OF THE INVESTIGATIONS
The method used has followed those of science: The principle of the canon of agreement: same
antecedents: the worldwide earthquakes following from dams which harness the common factor: the
rains; conditions of difference: dams and no dams: effects and no effects; independent laws: a number
of favourable instances fromthe worldwide earthquake data base confirm truth ofthe hypothesis linking
cause to effect and effect to cause. The plausibility: for instance same ratio seismic moment to change
of water moment as the stress relief ratio in rocks; dry season and monsoon outcomes of earthquake

patterns are reproductions of one another and related rigidly to reservoir content changes.

A STUDY OF THE USGS DATABASE ON WORLDWIDE EARTHQUAKES (USGS WEBSITE) IN THE

RANGE 1-9.9 MM BRINGS OUT THE FOLLOWING FINDINGS :

DAM ERA
Highly significant correlation of percentage values of earthquake parameters with percentage
change of water moment.

The monsoon and dry season earthquake parameters latitude, longitude, depth, seismic moment
and the number of earthquakes summed up each for each month, cumulatively for each year, and
expressed in percent of the wet and dry season sums respectively, display statistically highly to
extremely significant linear regression, whencorrelated with the corresponding monthly percent change
of water moment (Table 1). When negative sign is attached to the dry season values, the correlations

become statistically extremely significant(Table 1M).



Table 1M: The earthquake parameters correlate in linear regression statistically highly

significantly with the monthly change of water mome nt{WWM’) for magnitude range 1 to 9.9 MM

for the period June 1973 to May 2001.

Here Las1-9.9 means latitude sum for earthquakes in the range 19.9 MM; similarly Los: Longitude sum;
Des:Depth sum;SM: Seismic Moment sum;Q: Sum of the number of earthquakes. The wet

se ason values{June to September) are expressed as a percentage of the wet season total and

the dry season values{Cctober to May) as a percentage of the dry season sum.

After the percentages are computed, the dry season values are multiplied by -1.

= —— Jun?3-Maydl | = Jan2001-Dec 2004

WM Las19.9 Los19.9 Des!1 9.9 SM19.9 0199 Focal mechanisms
Month Percent Percent Percent Percent Percent Percent Percent 599
Jun 191811 25429866 29.04957 24.43837732  31.24518485 24.91237667 25.5
Jul 321871 26.663602 24.84778 25.33602064 2593952971 26.41970056 23.5
Aug 28.5735 24430441 27.227360 26.23776999 22.08132873 24.93364939 26.5
Sep 20,0583 23.476092 1887528 23.98783204 20.73395671 23.73427338 24.5
Oct A2.5 12128623 T7.9821  12.62959856 0 -18.20354683 -12.26549755 14.76453
Nowv A2.5 11297503 1433360 1242613810 196325319 1215140216 A12.72804
Dec A2.5 1268389 164371 12.34564564  9.355577905 -12.21937388 -13.61901
Jan A2.5 12633541 100788 12.3739602  -10.34433649 -12.55874699 -14.76453
Feh 125 -11.086804 0 169764 -11.08654746 B£.322015891  -11.4352715 11.7098
Mar A2.5 13231575 128724 12.72345952 1054506611 -12.93162045 5843021
Apr A2.5 12.968149 -13.2095  -13.04194836 -10.10049529 12.85442399 11.03097
May A28 1396991 -8.11007 13.37270215 13.49642958  -13.58366348 -11.54009
rwith %VWH' 09863574 096916 0987185719 0.954851914 0.987564195 0.978933017
df 10 10 10 10 10 10
t 18.947711 12.43653 19.56286737 1016387738 19.86405005 15.1612934
P 3.638E-09 2.09E07 2.66332E09 1.36925E06 2.29402E09 3.15466E08
tails 2 2 2 2 2 2
112 00270991 0060729  0.025464357  0.088257823 0.024716961 0.041690149




The linearregressions foreach year correlate with the yearly cumulative reservoircapacities

in a logarithmic regression.

The trajectory of the Linear Regression correlation r (Y%oWM’, %y, an earthquake parameter) of
the cumulative monthly sums of the earthquake parameters with the annual cumulative reservoir
capacity (June 1973-May 1974,June 1973-May 1975,...June 1973-May2001) for the various
earthquake parameters is shown in Figure 1: This regression is logarithmic and is statistically extremely
significant (Table 2). The reservoir capacity (and water storage) is given in million hectares created
irrigation potential equivalent (Mha CIPE). The reservoir capacity in billion cubic meters(BCM) is got
by multiplying the reservoir capacity expressed in million hectares created irrigation potential equivalent

(Mha CIPE) by the factor (water application at canal head in meters/efficiency of water storage).

The F-Ratio Test on the Earthquake Parameters and the Rate of Change of Water M oment

The F-Ratio Test for the variables %WM’ and the earthquake parameters of Table 1 shows that
they all come from the same parent population (Table 3). The F-Ratio Test provides further evidence
that the rate of change of water moment and hence the dam storage variations govern the earthquakes
persistently. Here sdp is the standard deviation ofthe population, p(F) is the probability of the F-Ratio
being exceeded by chance and dfis the number of degrees of freedom. The F-Ratio probability shows
that the percentage rate of change of water moment and the various earthquake parameters in

percentage are statistically not significantly different.

Percent Focal Mechanisms per month correlate with Percent Rate of Change of Water
Moment: January 2001 to December 2004

This connection of earthquake parameters to rate of change of water moment was tested by
correlating available data on beachball representations (focal mechanisms) with the monthly rates of
change of water moment(Table 1). Those, which exhibited tension at the top end of the beachball

representation, were counted for each month for each hydrological year. The mean count for each



month was expressed as a percentage of sum of such means for the two seasons respectively. When
the percent mean counts were correlated with the percent rates of change of mean water moment in
linear regression, it was found that the foci exhibit a statistically extremely significant correlation:
=0.839,p=0.000638. Further, the chi-square distributionis 7.38 withp=0.77,degrees of freedom 11,
showing that the differences between the two quantities are due to chance. Thus the stresses in the

rocks appear to be controlled by the rate of change of water moment.

PREDAM ERA AND TRANSITION TO THE DAM ERA

A similar study for the predam era —2150 to 1850 and transition to the dam era till 1951 shows
no such statistically significant correlation (Focal mechanism data was not studied as data was not
available for this period). See Table 4. The data for significant worldwide earthquakes (5.5-9.9 MM)
of'the USGS data base from 2150 BC to 2001 AD was used. It was assumed that the monsoon rain
magnitudes expressed in percent of the total for the monsoon remain invariant statistically whatever era
is being considered in the period being studied. The monthly change of water moment is still given by
the monthly rainfall, but the effect is governed by the rainfall that is harnessed by collecting the waters

behind dams as surface water storage.

THE RELATION OF SEISMIC MOMENT TO WATER M OMENT

DAM ERA

Four statistically extremely significant results were deduced on the basis of scaling procedures

developed below.

First Result



For the 1973-2001 database when the annual rate of change of water moment is compared with
the annual seismic moment sum for all earthquakes in the 5.5 9.9 MM and in the range 1-9.9 MM,
it is found that the annual cumulative mean of'the ratio of the seismic moment sum to the corresponding
change of water moment to be statistically the same as the stress relief ratio for rocks, that is, stress
relieved from rocks during earthquakes as a percentage of the stress built up in the rock prior to
earthquakes(19.743%)(Turcotte and Schubert, 2002) (Table 5,Figures 2,3,4 and Table 7, Figure
5).This connects the stress build up in the rocks at the faults to the waves of force on account of the

dams.

Second Result
The ratio of the yearly seismic moment sums on either side of the center of gravity of the water
masses converges to the corresponding ratio of the initiating water moment arms (Figures 4, 6, Table

7). This identifies and quantifies the effect of the water moment waves.

Third Result

For the earthquake range 1-9.9 MM, it is found that the mean latitude per quake and 90- mean
longitude per quake for the period June 1973 to May 2001 are not significantly different from the
location of the center of gravity of the water masses (23,78.75)(Figure 7). This confirms the relation
ofthe worldwide earthquakes to the cause- the giant force waves at the center of gravity. The longitude
of'the mean hypocenter has to be different from that of the center of gravity, to produce the wave of
water moment changes to cause the wave of earthquakes (Table 8). In Table 8, the computations use
the straight line connecting the center of gravity to the mean annual hypocenter for the water moment
arm and arrive at the same result as the compuation method of Table 7(which is as described under
scaling procedure below). The latter uses the initiating water moment arms, which for 1-9.9 MM
quakes are the lines connecting the center of gravity to the Sagaing fault on the right and to the Murray
Ridge onthe left ofthe center of gravity. The extremely close correlation(Table 1) with percent change

ofwater moment, shown by both the student’s t test and the chi square distribution, ofthe latitude sum,
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the depth sum and the sum of earthquakes within the hydrological year spanning the period June 1973

to May 2001 also significantly show the dams as a cause of the worldwide earthquakes.

Fourth Result. The worldwide earthquake pattern for the Indian dry seasonis a reproduction
of that for the Indian monsoon and vice versa.

During the monsoon reservoir build up the force at the center of gravity of the water masses exerts
moment at faults resulting in stress build up leading to earthquakes by the stick- slip phenomenon.
During dry season water release from the dams causes forces to act at the faults in the opposite
direction to that during the monsoon causing earthquakes. And consequent displacements occur in a
direction opposite to that in the monsoon. This is the hypothesis in case the dams do cause worldwide
earthquakes. Partitioning the data nto monsoon and dry season sets and analysis shows that the
displacements for the two periods are a mirror reflection of one another and cancel out leaving a
comparatively small but significant net displacement per earthquake. Adding the data for the monsoon
and the dry seasons separately for each year cumulatively filters out transients and brings out the
persistent cause and the hypothesis is proved right : Referring to Table 9, the monthly displacements
are related logarithmically to the mean reservoir content buildup and discharge(buildup: r =-0.964, p
=0.036; discharge:r= 0.9305, p = 0.0007967). The other earthquake parameters in this table have
similar statistically extremely significant logarithmic relations withthe mean reservoir content (Figure 8).
The correlations between displacements and the other earthquake parameters of Table 9 are linear and
statistically extremely significant. The correlations between the annual mean cumulative reservoir
capacity and the annual values of earthquake parameters are also statistically extremely significant as
Table 10 shows which is derived from Tables 11a and 11b. Figure 9 shows the chi-square analysis for
displacements, which confirms the mirror reflection. The rapid build up behind dams cause one set of
mjuries to the living earth by earthquakes whose displacements are sought to be negated by another
set of earthquakes during the dry season of water use, causing another set of injuries. For a particular
season, beginning from a particular hydrological year, as shown in Table 11, the cumulative
displacement from all the earthquakes is computed as the cumulative seismic moment sum till a

particular year per mean applied force at the center of gravity of the dams till that year. This is then
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divided by the cumulative number of quakes to arrive at the displacement per quake. The mean applied
force in newtons is computed from the mean cumulative reservoir capacity till that year. The net
displacement ina year is taken as the sum of the positive displacement per quake in the monsoon and
the negative displacement per quake in the dry season. As an example, the net displacement till May
2001 from June 1973 was 0.7 m/Q for the year of the Bhuj 8.0 MM quake on 26th January 2001,
while it was —24.4 m/Q till 9th May 2005, in the year of the great earthquake of 9.4 MM in the
Andaman Basin on 26th December 2004. In Figure 9, the great Andaman quake was taken as 0f9.0
MM. Ifit is considered a 9.4 MM quake, we neglect this huge value, and consider for the chi-square
sum, values till 2003, to see the persistent dam effect. Because of the persistent surges of bending
moment and force applied on faults, the great Andaman quake may well have been triggered by the
dams in India. On the basis ofthe mirror reflection hypothesis growing out of this evidence, a series of
strong to huge earthquakes should occur in the coming monsoon(s) as a reaction to the huge negative
displacement deficit for the dry season ending 31 May 2005. The surge of release of water from all
dams in the dry season reproduce effectively the earthquake pattern of the monsoon, when the

reservoirs contents rapidly build up synchronously and vice versa.

Study of peak magnitudes for reflection of wet season performance in dry season and vice
versa.

Table 12 reveals this reflection of one season’s performance in the other by means of the dry
season- monsoon season race to register the maximum unprecedented earthquake, driven rigidly by
the waves of reservoir content changes: The 1974 and 1975 dry seasons register 8.1 MM and 8.2
MM maximummagnitude earthquakes. The wet season 0f 1976 replies with 8.0 MM quake. The 1976
dry season registers an 8.1 MM quake. The 1977 and 1978 monsoons record 8 MM each. The
monsoons of 1979,1980 and 1985 record 8.1, 8 and 8.1 MM quakes respectively. The 1986 and
1988 dry seasons reply with a record 8.3 MM quake and an 8.2 MM quake. The 1993 and 1994
monsoons register unprecedented wet season highs 0of8.2 MM each. 1994 dry seasonreplies with 8.3
MM. The 1995 monsoon registers 8 MM for the maximum magnitude quake for that year. The dry
season of 1995 registers 8.2 while that of 1997 and 1998 register 8.3 each. The 2000 monsoon then

12



replies with an all time high of 8.3 but the dry season 0of2000 answers with 8.2. The monsoon 0f2001
soars to a record unprecedented 8.4 MM maximum magnitude quake. The 2001 dry season replies
with 8.0 but that 02002 has an unprecedented record of 8.5! The 2003 monsoon registers 8.3. Then
the 2004 dry season replied with an all time high of 9.4 MM. And already North Chile recorded in the
monsoon season, on 13™ June 2005, a major quake of 7.9 MM. The correlation between the
cumulative reservoir capacity and the moment magnitudes in Table 12 is
high(r=0.5452,p=0.0048,degrees of freedom 23), pointing to the fact that the regression of the race

is statistically very significant.

THE DAMS CONTROL WHEN EARTHQUAKES OCCUR

The dams determine the timing ofthe earthquakes rigidly as shown in Figure 11 for the period June
1973 to May 2005. The mean duration of the peak magnitude earthquake for each month correlates
statistically extremely significantly with the corresponding monthly mean change of water moment, with
all values expressed as percentages of the respective seasonal totals :Linear regression: r=0.9, p=
6.24E-05; X"2= 7.34; p=0.77. The yearly running mean of the mean of each of the seasonal
durations separately also exhibit statistically extremely significant correlations with the relentlessly
increasing cumulative dam storage capacities(logarithmic correlation)(Figure 12)(r(wet)=-0.9286; p=
1.87E-14(June 1973 to May 2005); r(dry)= -0.9322; p= 1.56E-12(June 1978- May 2005).

PREDAM ERA AND THE TRANSITION TO THE DAM ERA

For the predam era and the transition to the dam era no such laws were found (Table 13).
Further as we pass from the predam era to the dam era, the number of major and great earthquakes
in the longitude band 0-180° more than doubles statistically extremely significantly compared to
that in the longitude band 0 to -180°(Table SDMGQ). A more detailed evaluation confirms the
significant doubling of the relative risk(Table MGOPNL). Together with the fact that the Indian dams
are situated in the 0- 180° longitude band and the other results deduced in this paper, this doubling of
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the relative risk is indeed caused by the Indian dams. For evidence on the exponential rise of the

number of Indian dams in the 20™ century see Figure 0.

Tahle SDMGQ:Major and great earthquakes in the predam

and dam eras: Proportion of quakes in the 0-180 longitude

band compared to the total. |Smtisti-:a|lj,,.r

extremely significant difference of proportions of dam era and predam era.

Predam Era: 2150 BC to 1850 AD|

Number of | Quakes in 0-180 longitude band  |x1 86

Total number of quakes ni 177

Proportion of quakes in 0-180 longitude band to total, x1/n1 0.485875706

Dam Era: 1850 AD to 2006 AD

Number of | Quakes in 0-180 longitude band |x2 887

Total number of quakes nz 1361

Proportion of quakes in 0-180 longitude to total, x2/n2 0651726672

Probability of quakes in 0-180

longitude hand

in predam and dam era. p |{H1+1{2}.-"{n1+|12}| 0.632639792

Probability of quakes in 0 to -180

longitude hand

in predam and dam era. q 1-p 0.367360208

Variance for hinomial p-dist. pq 0.232406686
pag/nd 0.001313032
pgng 0.000170762

Standard error of difference(sed {pg/nl+pgn2)* 0.038520045

Difference maod{x1/n1-x2/n2}) w 0.165850965

wised 4.305575639
Result Extremely significant,




Table MGQPNL: Relative risk of major and great quakes in positive and
negative longitudes: 2150 BC 2005 AD. The Relative Risk more than doubles
on the average during the dam era compared to the predam era.

The relative risk is Statistically significant at the 95% Level of Confidence

S MoJPredam Era |Mumber of guakes. |Ratio |Dam Era [Mumber of guakes, Ratio
Oto 180 |(0to-180 |posineq Positive Megative  [pos/neq
Longitud e |Longitude Longitude Longitude
05 neq [I03 neg
1[-2150-1550 3a 2 16.5
2[15850-1600 a 14 0] 1850-1900 47 23] 1424242
3 1600-1650 g 12 0.78] 1900-1950 278 183| 1.823529
A|1650-1700 ] 16| 0375 1950-1973 133 67| 1.985075
&[1700-1730 11 FlO1.A71401973-195 95 53] 1.792453
B[ 17501800 12 11| 1.0909) 19732006 334 168| 1.9582143
7(1800-1850 15 290 0.5172]1850-2006 827 474 1.871308
8[1550-1830 a4 89 0.5955|sdp 0205535
9|-2150- 1550 g6 21 0.9451
sip 2-5 0.4792
n 2 gn &
85%C 0.37 27| 95%C 0.185499
hean 29 0.7306| Mean 2-7 1.813125
Lopre 0.2573| Lo dam 1.627626
Hipre 1.1033| Hidam 1.993624
Relative
Risk
bl B3N Dam/Predam 2.4815|0verall Dam Era/ 1850-2006
95% limits of |Lodam/Hipredam 1.4752|Overall Predam Era {2150-1850] 1.980105
confidence Hidam/Lopredam 5.5837

statistically significant atf the 95% Level of Corfidenc e

Source for raw data on earthguakes: USGS Data Base

SEE referenc e cited.

R Ashok Kumar. 2006. Earthguakes caused by dams .
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WATER MOMENT CONTROLS SEISMIC MOMENT IN DAM ERA

The 95 percent confidence limits of the percent significant seismic moments(observed values) converge
to the corresponding limits of the percent change n water moment(expected values) in the dam era.
But they diverge away from the expected values in the predam era(Table 4a and Figure PDDE).The
chi-squared distribution probability for the chi-squared sum for the pre-dam era and the damera shows
extremely significant difference in the two means for the predam era and no significant difference in the
two means during the dam era. In Figure PDDE, the last pomnt on the chi-squared probability curve
is shown as 100% and is the upper limit ofthe expectation. When we consider the negative signs for

the values of the water moments in the dry season and the corresponding percent seismic moment

2020
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Mean dam capacity x5 {blue),difference of
means{purple} and X2 probability {yellow)

values negative, the chi-square probabilities for the dam era become 96.5% percent while those for

Hgure PDDE Predam and dam eras: Conwvergence of percent significant seis mic moment to percent
change in water moment in dam era and diver gence away from it in the palio era.

150
—— Ivkan damcapacity mHa Created Irrigation
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= o5 - W3 - » n3

Periods of predam and dam eras.

the predam era become 0.1 percent. The conclusion therefore remains the same, that, together with
the other results of this article, this evidence shows that the persistent surge waves of earthquakes
worldwide during every hydrological cycle are being persistently caused by Indian dams. The detailed
analysis of the predam era and the dam era is contained in Table CSMWM(ignoring dry season
negative signs) and Tables PDERA and DERA (with negative signs for the dry season values

considered).
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Tahle 4a 95% comfidence limits of the % Significant Seismic Moments converge to the corresponding values of

percent change in Water Moment in the dam era.

PREDAMERA Transitionto  Effective Carm Era T —  DAMERA ————==

Period 21508 C-1850AD 18501897 18971924 10241951 10511973 19732001 10732001

(11 (4 (3 4 (5l (6] (7 5]
Mean Reservoir Capacity imHa CIPE Q0000001 (653508532 33 7.5395 15.2 et I K T B K T

Percert change:

Water Moment %SignficantSh  BSignificantSh| % SignificartSh % Signific ant Skt %Significant St % Significant Sl %50

Sohrhd ! A598 hiby 5599 v 5599 My S99 MW ASE MY |5 58 9 MY 1-8. Gy
mean 16 GEERERET 16 BAEREERT 16 GEREREET  16.GEGEREET 16 GEREESEY 16 GESEGEEEY )  16.6REEEEET 16 BEEEET
sk 7002401 363 16.36299173 2603366513 1050803594 1321020867 11.719738597 )  B.062079616 7. 4411065
G5 4 447122143 1039189545 1R 53359793 BETA1342 B.309609921 7. 4430345320 A123918732 4. 7247374
Lormean 1221854452 B.27477122 0133068737 9992532467 9277056746 922332135 11.54274793 11.940629
Hirmean 2111373881 27 05856211 I3 2002646 2334080087 25 05627654 241047012 21.7905854 21392404
HirrearrHirmean e’ 58944773304 1208647479 2 27012087 3842487777 29999123880 (QGETRTYES8S 0 2706153
E: Hirearhhl "% W= (O-EYUE 1673803312 B.918838596 0 234897308 0. 736163436 042510092 0021694529 0 0036T6H
O:Hirrean df A a 4 K] 2 1 0

2 Bum 1001417867 8340372361 1421533765 1186639957 0480472021 0025371102 00036766

A1l 0124056319 0138447909 0 840443842 0796211317 0.798327783) 0873445845

2 Sum2 to 3] 2562641908 6918833996

o2 and 3] 1

pest[ 2 1o 3 000337524
E1:LomeanVWhT X2 O01-EN2E1 2802115133 1195485615 040587206 1271995846 0734519279 0L037485327 00063526
Ol:Lomean X142 Sumn 17. 30319734 1441108221 2. 45622606 20503531 0778357254 043837975 000063526

PRI 2) 0008231221 0013198606 06240070 0562021778 06713219 083415535

X252 to 3] 14.84697 128 11.95485615

o2 and 3] 1

PRI 22 o 3 0.000116595
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Table CSMWM:

95% confidence limits of percent seismic moment means

converge to those of the percent change in water moment
in the dam era while those in the predam era diverge.

Mote: For dry season, absolute salues for the means are used with signs ignored.

% Change % SignisM "%SigniSM % SigniSM %SigniSM "%SigniSM %SignisM

in Water 5.59.9MM 5.58.9MM 559.9MM 55H89MM 5.59.9MM 5.5-9.9MM

Moment < Predam Era >

% WINT 2000BC- 1000 AD- 1850 AD- 1870 AD- 1000 AD- 1850 AD-

1000 AD 1850 AD 1870 AD 1897 AD 1870 AD 1897 AD

< 95% Confidence limits for the mean —_—

ExpectedE.E1 O o o ] ] o
12.21954452 0.809212517 5.871405 -2.0568859 7.385890163 1.9976128 0.133068737
2111378881 34.14254585 27.461928 35.390219 25.94744317 31.33572  33.2002646

E 12.21954452  12.219545 12219545 12.21954452 12219545 12.21954452

E1 2111378881 21.113789 21.113789 21.11378881 21.113789 21.11378881

(OE}"2'E 13.89155788 3.2979032 16.679547 1.912036445 Chi-squared Test for

X"2 Sum 35.78104451 21.889487 18.591583 higher confidence

df 3 2 1 limit.

p[X"2] 8.33061E08 1.765ED5 1.619E05 Extremely significant.

(O-E1}*2'E1 8.039699154  1.908652 9.6532398 1.106585592 Chi-squared Test for

Xr2(0,E1) lower confidence

Sum 20.70817656 12.668477 10.759825 limit.

df 3 2 1

p[X"2{0,E1}] 0.000121037 0.0017745 0.0010373 Extrem ely significant.

% Change % SigniSM WSIgniSM % SignisM %SighisM  SM WSIgniSM

in Water 5.59.9MM 5.59.9MM 559.9MM 5.59.9MM  1-8.9MM  |5.5-9.9MM

Moment < Dam Era >

% WINT < AD >

18971924 192451 1951-73 197301 197301 187001

e 95% Confidence limits for the mean ——

E o1 o o1 o1 o1 o
12.21954452 9.9925324668 B.2770567 9.2236321 11.54274793 11.940929] 11.08583003
2111378881 23.34080087  25.056277 24.109701 21.7905354 21.392404| 2224750331

E 1221954452 12.219545 12.219545 12.21954452 12.219545] 12.2195452

E1 21.11378881  21.113789 21.113789 21.11378881 21.11378%3| 21.11378881

1897- 1924- 1951- 1973- 1973- Chi-squared
1924 1951 1973 2001 2001 |Test for

{(O1-E}"2E 0.40587296 1.2719958 0.7345193 0.037485327 0.0063526|lower limit.

X1°2 Sum 2.45622606 20503531 0.7783573 0.043837975

df 4 3 2 1 Statistically

p[X12] 0.652490979 0.5620218 0.6776132 0.834155351 Means same.

{O1-E1)2E1 0.234897808 0.7361639 0.4251009 0.021694525 0.0036766|Chi-squared

X1°2(01,E1)Sum | 1.421533765 1.186636 0.450472 0.025371102 Test for

df 4 3 2 1 upper limit.

p[X12] 0.840443842 0.7562113 0.7983278 0.873445345 Means same.
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Table PDERA:

MOt

M orth

Jun
Jul
AL
Sep
Cct

M o
Dec
Jan
Feh

b ar
Apr
Mty
mean
sd
95%Cl

xnz

X822 ' Sum
df
p[X*25um]
M Wy )
of

t
M
sd of %R
F-Ratio

of

P F-Fatio)

95% confidence limits of percent seismic moment means
converge to those of percent change in water momentin the dam era
while they diverge away from them in the predam era.
Chi-squared sum for dam era; 0.58084B877T ;. p= 0.9651898
Chi-squared sum for predam era: 16.12977698 | p= 0.001066583
Dry season values are taken as negative.
< Predam Era =
P ercent %Signi %Signi % Signi % Signi % Signi
change in SM SM SM SM SM
water moment 5.5-9.9MM 5.59.9MM 5.59.9MM 5.5-99MM 5.59.9MM
% WINT 2150-1000 1000-1850 1850-1870 1870-1897 -2150-1870
1918114803 400806579 15207812 0100516068 6.8431195 41833173351
J2. 187085941 44 238805 56.120537 0.059192278 4749577 1217922048
2887345556 5057093 10154274 9974096005 3230333 737587025
20088307 11821973 38917377 0099331593 13.337261 0573759686
-12.8 -0.1112129 57880489 -1.77707178 -13.621154 -5.695391244
-12.8 0 -B3.70043 47870128 -1.40713204 -1.1464574 46 93857735
-12.8 -0.1570925 -2. 7230561 -21.0971951 -0.1164066 -3.025066635
-12.4 -0.8833958 -0.8060145 -29.3355668 -3.0459054 -1.292353788
-12.8 -9.9118636 -7.7844326 -6.22882055 -14 907779 -7 767050279
-12.8 -0.1570925 -31.900757 -0.18771312 -28.2688584 -31.22396015
-12.8 0 -1.28419593 -30.9557199 98558626 -1.947260555
-12.8 -5.0789124 21333633 -0.0407717 -29.036543 -2.11033497
0 3.33E-100 -1.6TE-10 ~4.17E-10  9.1TE-10 4.17E-10
18.76336665 32.561267 24.330366 34.23763495 22.728456 28.59397034
11.91633826 20.679182 15.451857 21.74381853 14.434508 18.15961012
E 11.916338 11.916338 11.91633826 11.916338 11.91633826
{OE)*2'E 6.4438783 1.0489712 8.104785744 0.5321418 3.271008476
16.129777 9.6858987 8.636927502
3 2 1
0.0010666 0.0078838 0.003294165
062785 07501529 0581015024 0574204 0652504944
10 10 10 10 10
28808782 38873575 2257460391 56933902 2952970739
00288205 00045508 0047573257 00002001 0014460972
18. 763367 18.763367 18.76336665 18.763367 18.76336665
2014876 1.6814182 35298533098 14672981 2322348513
11 11 11 11 11
00404268 02010642 0028929011 02677202 0089001629
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Table :DERA 95% confidence limits of percent seismic moment means
converge to those of percent change in water momentin the dam era
while they diverge away from them in the predam era.
Chi-squared sum for dam era: 0580646777 ;. p= 0.9651898
Chisquared sum for predam era: 16. 12977698 ; p= 0.001066583
Mote: Ory seasaon values are taken as negative,
e e e e Dam Era =
%IigniSh | %Signish % SigniSh %Signish M
hlonth 5.5-99MM |5599MM 5559 9MM  55-9 90N | 1-9.9 M
%o W' 18971924 | 1924-1951 1951-1973 19732001  1973-2001
Jun 1918114803 | 331585221 39.153139 2087185331 33754051 31 24455372
Jul 32187083941 11582048 10970867 37.02791101 25209741 26 93976428
Ay 2857345556 28773062 44.499176 ZR.51518699 21 .B51809 2208152637
Sep 20055307 2148967 5.37EE173) 1258504869 193644 207341435364
Oct -126 BEV0R933 B.7717006 -5 B933467 -18.8653593 -158.200335833
M o 1260 -16.721393 ) 17 498561 2287131261 -21.306558 ) -19 629059357
Dec -125 14400419 -13.301743 ) -3.96932045 -5 6072169 -9.353921131
dan -12.45)0 27 806947 | 7 7BZ22989) B BXY/EE9Y B 1599412 -10.35380797
Feb 126 BAVVTVTL 7 B174052 ) -BA077Z458 -7 8896712 -B3.3297 05482
hlar -126 38743962 -24 832413 -28.9847824  -10.353278 ) -10.537 60653
Apr -126 -15.037639) 5. 41282258 -2 829558252 -9.8138915 -10.10059408
bl ay -125 -89108345) -11.80505  -11.672331 -14.005045 -13 49506672
mesan 0 1.33E-02 B.EE-10 B.EB/E-10  7.50E-10 -2.50E-10
sd 18763366065 | 20 333965 21 852857 2098529504 19.186563  153.9314651
895 %CI 11.91633826 | 12913802 13.87832 13.32745232 12185104 12.02309512
11916338 11.916338 11.91633826  11.916333) 11.91633526
o (DO-E2E 0.0834933 0.3230333 0167101909 00060618 0.00095642
# O Bum 05806465 0.4971535 0174120188 0.0070183
df 4 3 2 1
P25 um] 09651893 0.9195163 0.916522011 089332352
Fi%a WA ) 085895515 0.8277593 0.909134321 09385229 09545373111
df 10 10 10 10 10
t 53211156 4.BB5ZEDT B.904744136 B5.597116 10.16643478
4 0.0003372) 0.0003372 4 17E05 . B.23E-06 1.37E-0B
sd of %WWhd' 18 763367 18.763367 1876336665 13.763367 | 158.76336664
F-Ratiao 117441758 1.3664012 1.260359782  1.0456175) 1.0179597949
df 1 11 1 11 11
piF-Ratio) 03972424 0.31092Y 0358495313 04711774 0.453465441
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THE S CALING PROCEDURE

THE NATURE OF THE INITIATING WATER MOMENTS : ON WHAT FAULTS ARE THE WATER MOMENTS

INITIALLY EXERTED? THE SIGNIFICANCE OF THE MEAN VALUE OF THE EARTHQUAKE PARAMETER.

On account of the control exerted by the rate of change of water moment on the earthquake
parameters, the mean hypocenter for a quake in any year as given by the latitude per quake, the
longitude per quake and the depth per quake(determined as the sum of the values of the parameter
under consideration divided by the number of earthquakes during the period) is used to derive values
for the mitiating or earthquake triggering water moment arms. On a two dimensional fractured surface
map of'the world(Cartographic Division, National Geographic Society, 1995) (Figure 2), the mean
location for a quake in any given year is plotted and joined by a straight line to the center of gravity
(CQG) (23,78.75), ofthe water masses behind dams in India (See Appendix A for the derivation of the
location of the center of gravity). This line is then extended upwards to meet the Himalayan Frontal
Thrust (HFT) fault line in the north. In the south the line crosses the Owen Fractured Zone (OFZ) or
the Carlsberg Ridge (CR) or the Mid- Indian Ridge (MIR). The two water-moment arms are then 1)
CG-HFT and 2)CG-OFZ or CG-CR or CG-MIR. The total water moment arm for computation of
the total rate of change of water moment is then HFT-OFZ or HFT —CR or HFT-MIR. These
statements hold good for earthquakes in the range 5.5-9.9 MM during the period June 1973-May
2001. It is noteworthy that for this period of the study, the limits as shown in Figure 2 for these lines
are a narrow band and they all intersect the Himalayan Frontal Thrust north ofthe center of gravity, CG

and either of the three faults as mentioned above, south of it.

The initiating water moments from the scaling procedure.
Table 5 displays the data for earthquakes in the range 5.5 to 9.9 MM for the years 1973-74 to

2000-01. It shows how the water moments are computed which are acting on the faults which exhibit
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a stick- slip behaviour resulting in earthquakes due to these water moments. This should be referred
to in connection with Figure 2, which illustrates the situation created by the water moments and their
changes due to the monsoon and the dry season. During the monsoon the reservoirs fill up increasing
the bending stresses on the stick- slip faults resulting in earthquakes when the faults snap. During the
dry season when water is being withdrawn for use, these moments are released resulting in stress relief
and again consequent earthquake occurrence. A similar situation exists for the earthquakes in the range

1-9.9 MM resulting in ratios statistically indistinguishable to those for 5.5-9.9 MM quakes (Figure 3).

Computation of the rate of change of water moment for any year for worldwide earthquakes.

Let us first take the earthquakes in the range 5.5 to 9.9 MM. Let us take the year 1973(See Table
5). Corresponding to the location, [(mean latitude, Las/Q, mean longitude, Los/Q)]=(4.27108,
60.7636), a line is drawn on a two dimensional fractured surface map, connecting this mean epicenter
to the center of gravity, CG, of the water masses (23,78.75). This straight line passes through a point
say MIR, on the Mid Indian Ridge below the centre of gravity, CG and meets the Himalayan Frontal
Thrust fault, at say HFT, north of the CG. On the map (scale 1 inch=758 miles at the equator), these
arms of the water moment CG-MIR and CG-HFT measure 6.7 cmand 2.1 cmrespectively. The total
ofthe two water moment arms (CG-MIR+CG-HFT) is 8.8 cm (called the total water moment arm and
denoted by WMAT). The water moment arm above CG (above 23° N latitude), CG-HFT, is called
WMA>23, for the arm meeting the Himalayan Frontal Thrust. This is entered in the column captioned
WMA>23 and the value for the year 1973 is 2.1. The next column is the worldwide sum ofthe seismic
moments in the range 5.5 to 9.9 MM for each year; for 1973, the value is 223.1*10719.05 N-m. For
all earthquakes worldwide occurring in latitudes>23° N latitude, the seismic moments in the range 5.5
to 9.9 MM are summed up and entered in the column marked SM>23. The value for 1973 is
90.6*10"19.05 N-m. The total rate of change of water moment for any year in Newton-meters is
given by twice the product of the weight of water masses behind dams (in newtons) and the sum of the
water moment arms north and south of the centre of gravity(CG) of the water masses in meters. This
is because at the end of the monsoon the rate of change of water moment as measured by the total

rainfall is a maximum equal to the total reservoir capacity in India. During the dry season, October to
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May, this water is withdrawn for use, till the reservoirs are empty by the end of May. So the total rate
of change of water moment during the dry season, October to June, is measured by the total water
storage available at the end of the monsoon. This is also the total reservoir capacity because of the
shortage ofwater onthe Indian subcontinent. For comparing the effect of water storage capacities from
year to year, however, the effective water moment arm from the centre of gravity of the water masses
to the concerned fault must be factored mn. The total rate of change of water moment in newton-
meters/year for worldwide earthquakes for latitudes greater than lat, WM >lat, and corresponding

water moment arm, WMA>lat, for any year, is given by

WM’>lat=2*RC (Mha CIPE*)[ 10"10m"2] *(Water application at canal head,0.8m/Storage
efficiency,0.8)(m)[m”"3] [10"3kg] *9.81(msec”2)[N] *WMA>lat(cm)/2.54(in) *758 (miles) *1.58

(km)*[10"3m] N-m/year (1)
=9251.0617328*10" 6*RC*WMA>lat N-m/yvear ()
=(9251.0617328*10"16/10"19.05)*RC*WMA>lat *10"19.05 N-m/year 3)
=8.245017448*RC*WMA>lat *10"19.05 N-m/year 4)

Thus, for worldwide earthquakes for all latitudes and longitudes, if the total rate of change ofwater

moment for any year is denoted by WM’T and total water moment arm is WMAT, then

WM'T=8.245017448*RC*WMAT *10"19.05 N-m/year 5)

And for worldwide earthquakes for latitudes >23 degrees,

WM’>23=8.245017448*RC*WMA>23 *10"19.05 N-m/year (6)
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For the year 1973, RC is 20.7 Mha, WMAT=8.8 cmand WMA>23 is 2.1 cm; WM’T, from
Equation (5) works out to 1502 *10719.05 N-m and WM™>23, from Equation (6), becomes
358.41*¥10719.05 N-m.

An assumption is made for the reservoir efficiency of 0.8 and for the water application at canal
head of 0.8m, for the purposes of this study. Still with Table 5, for 1973, ratio SMT/WM’T*100=
223.1/1502*100=14.853%. And SM>23/WM’>23*100=90.6/358.41*100=25.291%. The various
ratios of the seismic moment to rate of change of water moment are entered in Table 5 as T%, meaning
SMT/WM’T%; >23% meaning the ratio SM>23/WM’>23%,; the cumulative mean of the ratio
SMT/WM’T% is CM T%,; the cumulative mean of SM>23/WM’>23% is entered in the column
CM>23%. The moment magnitude range ofthe earthquakes for which these ratio values are entered
are indicated i the respective columns as either just 5.5-9.9 or just 1-9.9. The captions O1, O2 for
the cumulative ratios indicate that those ratios are used as observed values in computing the chi-squared
sums; similarly the caption E indicates that the ratio is the expected value in determining the chi-square

values.

ANALYSIS OF CORRELATION OF EARTHQUAKES IN THE RANGE 1-9.9 MM WITH RATE OF CHANGE
OF WATER MOMENT

The water moment arms for each year hit the Sagaing fault to the right of the center of gravity
(23,78.75) and pass through the Murray Ridge to the left. The water moment arms, like for the 5.5-9.9
MM earthquakes, forma narrow cone on either side ofthe center of gravity. There is a clockwise shift
in the cone by about 30 degrees from 5.5-9.9 MM epicenter line to the 1-9.9 MM epicenter line

connecting the center of gravity (Figure 2,Table 7, Figure 5).

DANCE OF THE EARTHQUAKES IN SYNCHRONISM WITH THE HYDROLOGICAL CYCLE BECOMES
TIGHTER WITH MORE DAMS COMMISSIONED ON THE INDIAN SUBCONTINENT: CHAOS.
With each annual hydrological cycle, the annual feature of the earth’s response to the oscillatory

rate of change of water moment is cyclically repeated. See the hold on the earthquake parameters
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exercised by the rapidly increasing storages in the monsoon behind Indian dams and the occurrence
of the earthquakes during the dry season when the water moments applied on the faults are released
as the waters are drained from the dams (Figures 10-10b). The control becomes stronger as more and
more dams are commissioned on the subcontinent of India as revealed by the closer correlation
displayed by the earthquake parameters (Figure 1). Table 2 shows the logarithmic regression between
the storages and the correlation between the percent seismic moment and percent change in water
moment is =0.710, 26 degrees of freedom with probability of the two-tailed t-distribution 2.2868E-
05(June1973- May2001). The hypocenter and the number of quakes also show this attribute. That
the control by the dams is plausible is also seen by the specific nature of the correlations connecting to
the ground realities. The latitude mean for the earthquakes is that of the center of gravity, the location
of which is on the earth’s surface. Thus the power of the waves of bending stresses exerted by the
dams is maximum at or near the earth’s surface. Hence the 1-9.9 MM, June 1973 to May 2001
earthquakes have a mean depth of 6.57 km!(Tables 11a and b). The longitude can be all round the
center of gravity because the moments are exerted all round. But see result 3: the longitude is shown
to be constrained to a mean of 90 — the longitude of the center of gravity. This is for the range of
reservoir capacities built so far! The nature ofthe earth is not, however, under the type ofrigid control
seen statistically, regarding the number of quakes, the latitude and the depth. The earth appears to
finally decide on the timing of an earthquake, the longitude and the amount of seismic moment released
during an earthquake(Table 12). Even here the control by the dams is indisputably statistically
significant. Together with the quantification of the control of worldwide earthquakes with dam storages
developed here, this brings out a characteristic feature of the observed phenomenon: Chaos. There is
a disturbance pendulum which we recognize here as the rate of change of water moment. And there
is a response pendulum -the worldwide earthquakes- characterized by their parameters as discussed
above. The response pendulum, year after year, as the dams on the subcontinent increase, merges with
the disturbing pendulum. The similarity to the synhronization of feedback responses described in
Sarasola et al(2003) is striking(both created by man). The statistical results presented here have
established by Student’s t tests, the F-ratio test and Chi square analyses that the synchronization is
effectively complete. A giant experiment in chaos has been unwittingly let loose on the earth by the

dams by their gigantic waves of force and bending moment changes on faults every year.
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CONCLUSIONS.

This paper furnishes statistically highly significant whole earth epidemiological evidence that dams
in India are also causing worldwide earthquakes in the range 1-9.9 MM. The rates of change of water
moment exerted on faults by the water masses behind dams cause shallow earthquakes to occur on
account ofthe well- known stick-slip phenomenon. The ratio ofthe arms ofthe water moment on either
side of the center of gravity of the water masses controls the ratio of the corresponding seismic
moments in a persistent manner recurring with each hydrological cycle: the monsoons and the dry
season of water withdrawal: the cumulative mean ofthe ratio ofthe annual sum ofthe seismic moments
north of the center of gravity for 5.5-9.9 MM (east of the center of gravity for 1- 9,9 MM) to the total
annual sum converges to the mean of the corresponding ratio of the leverage arms of water moment.
The monthly rates of change of water moment as measured by the monthly all India rainfall govern the
number, location, depth and seismic moment magnitude and timing of the earthquakes occurring
worldwide by causing the monthly sums of these parameters to be statistically highly significantly
proportional to the corresponding rates of change of water moment(when expressed as percentages
of the wet and dry season sums of the respective variables). This robust control of the earthquake
parameters allows us the use of a scaling procedure for measuring the total annual rate of change of
water moment as a function of the dam storage and the water moment arms. It turns out that the
cumulative mean of the ratio of the annual seismic moment sum to the annual rate of change of total
water moment converges to the stress relief ratio in rocks persistently with extreme statistical
significance. The variations of the cumulative annual sums ofthe earthquake parameters are practically
completely explained by the variations of the corresponding annual cumulative sums of the rapidly
changing dam storages. The paper tests these results against the earthquake data for the pre-dam era
and the transition to the era when dams exert significant control over earthquakes. There is no
significant statistical correlation between water moment changes (monthly ramfall during monsoon and
the rate ofrelease of water moment during the dry season) and earthquake parameters in the pre-dam

era or the incipient dam era contrasting with the results for the dam era (all values expressed in

27



percentages ofthe respective seasonaltotals). The controlover earthquakes by dams each hydrological
year becomes stronger as more dams are commissioned in India with consequent increase in the effect
of the monthly rains and the total monsoon rains in the same fixed time span (in 4 months of monsoon
and 8 months of dry season) manifesting as increasing stress changes in rocks. Dry season earthquake
parameters do not differ statistically significantly from the monsoon parameters. The displacements at
the faults caused by the dams during the dry season are opposite in direction to those caused by the
dams inthe monsoonso thatthe net displacement is a comparatively smaller quantity, though substantial
in absolute terms. There is a race between the dry season and the monsoon to establish ever-higher
records of peak magnitude earthquakes, with the monsoon always lagging behind, time-wise as well
as magnitude-wise. Because ofthe sudden huge gap of a net negative displacement caused by the great
Andaman Basin earthquake 0f9.4 MM on 26th December 2004, the coming months would see the
reflection of'this in the form of a series of strong and huge earthquakes in the monsoon(s) throughout
the world. This is a giant global experiment set off by the dams resulting in a chaotic system, whereby
the pendulum of the earthquakes synchronizes with the pendulum of the rate of change of water

moment. This calls for a fresh approach to the harnessing of rainfall and for a reappraisal of dams.
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APPENDIX A

CENTRE OF GRAVITY OF STORED WATER BEHIND DAMS

A map of India was taken on a suitable scale , in this case it was 1 inch = 116 miles(National
Geographic Society, 1997). The distances of the water bodies from Bhuj were measured and inserted

into the equations :
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X = Sum (Si* Xi)/Sum Si (1)

Y = Sum (Si *Yi)/Sum Si 2)

Where

Si= Storage of dams in state i, assumed to be located at the center of the state ;

Xi,Yiare the x and y coordinates of the water bodies of state i from the origin taken to be Bhuj
arbitrarily, and

X and Y are the coordinates ofthe centre of gravity of stored water behind all the dams in all the
states.

Thus the center of gravity, CG , has latitude and longitude as given by:

Latitude of CG = Latitude of Bhuj + Y 3)

Longitude of CG = Longitude of Bhuj + X 4)

Referring to Table 58(Tata services Ltd., Department of Economics and Statistics, 1999) for the
year 1998-99, we read off the total irrigation potential (IP) created up to 1993-94 for Major and
Medium dams for the various states(a measure of the dam storages) and enter them into equations 1
and 2 above. We also enter into them the x and y coordinates from the origin- Bhuj, for the water
bodies for each state as read off from the map :

We tabulate in the form of a table for convenience (Table A)
Thus the x and y values in equations 1 and 2 above are

x=12.5 and y=-0.6

Thus from equations (3) and (4), with appropriate readings from the map referred to above, the

Latitude of CG becomes

Latitude of Bhuj + ’= 23



And the longitude of CG becomes

Longitude of Bhuj + x’ = 78.75
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TABLES AND FIGURES

Table A [To Determine the Coordinates of the Centre of Gravity of WWater Masses behind Dams in India
as of 1994 AD
= Mo, State Irrigation Distance % fram Bhuy (R A Distance v [IPIL ™ (Y1)
Fotential in from Bhuy
(I, mHa |centimetres mHa-cm incm mHa-cm
Tndhra
Prad esh 3.1 12.5 35.75 -9 -27 9
Hhgsam 0.3 305 B.1 5 1
ABihar 2.5 23 B4 4 I a
YGuja rat 1.4 2 2.8 -4 2.8
SHary ana 2.1 9 18.9 10 21
Blarnrmu sy 0.3 g 1.8 17 3.4
/[Karn ataka 1.5 5.5 875 =13 -18
Skerala 0.4 10 B -23 -13.8
Hrdadhya Ph 2.1 B 12.6 -2.4 -5.25
10Maharashtra 2.4 ) 13.2 -5.5 -18.7
11|0riss a 1.5 22 33 -H e
12[Punjahb 2.4 9 216 13 3.2
13Rajasthan 2.1 5] 16.5 3 B.3
14T amilnadu 1.5 12 13 -149 -28.5
15| ttar Prad 7| 15 105 A 42
16N est Beng 1.3 25 32.5 0 ]
17]5um1-16 321 401.7 -18.05
Center of
18[graw ity 12,4984 4 -0.59 3457 944
say 12.5 say -0.6
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Table 1: The earthquake parameters correlate in linear regression statistically highly significantly with

the monthly rate of change of water moment(WM’).Note that the probabilities for longitude and

seismic moment are two to three orders of magnitude order lower. Here Las1-9.9 means latitude sum

for earthquakes in the range 1-9.9 MW, Los: Longitude sum; Des: Depth sum; SM: Seismic Moment

sum, Q : Sum of Number of earthquakes. In this table the wet season values (June to September) are

expressed as a percentage of the wet season sum and the dry season values(October to May) as a

percentage of the dry season sum(June 1973 to May 2001).

W

fl arth Fercernt
G 1918114803
7| 3218708941
g 28.87345556
4 20058307
10 12.8
11 124
12 124
1 124
2 128
3 128
4 128
a 124

rumdth 6 '

of

t

P

tails

Las1-9.9
Fercent

2542936617
26. 663601 51
24.43044066
23.476091 65
1212862258
11.29750294
12.683895596
12.63354116
11.08630391
13,2357 46
12.96514854
13.96991029
0887472613
10

£.434 420691
T A947IE-04
2

29.04957
2484778
2723736
18.875248
7.982095
14.33362
16.43708
10.0787E
16.97644
1287241
13.20952
211007
0.782377
10
3.972493
0.002633
2

Jund 3 ay 01
Los1-99 Dest1-9.9

Fercent Percent

244383773
25.3360206
268.237TY
23.887832
12 6295936
12.4261381
12.3456456
12.3739602
11.0865475
1272345945
13.0419434
133727022
0.80414423
10
6.6923524
5. 4158E-04
2

Shi1-9.9
F er; ent

21.2451848
25.93052497
22.0813287
20.7339567
18.20354 63
19.63253149
9.3555774
10.3443365
8.32201584
10.54506 61
10.1004953
134964296
0.693831 08

10
30467937
0.0 231965

2

21-9.9
Fercent

2491238
26.4197
2493365
23.73427
122655
121514
12.21937
12.55874
11.43527
12,9162
12.85442
1358366
0.907159

10
£.817414
4. G4E-05

2

= Jan2001-Dec 2004
Focal mechanisms
Fement 5-9.9

4.5

235

26.5

4.5

14. 76443
12.72504
13.61501

14. 76443
11.7093

9, 843021
11.03097
11.54008
0839442961
10

4.884 643921
0.000637527
2
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Table 2: The correlation coefficients of linear regression of the monthly cumulative sums of
each earthquake parameter in the range 1-9.9 MM for each year during the period June 1973
to May 2001 displays a logarithmic relation with the annual cumulative reservoir storages of
dams(Cum RC) in India. This points towards the fact that the rate of change of water moment
as measured by the monthly rainfall on India seen above to be persistently governing worldwide
earthquakes is caused by the dam storages. The logarithmic relation is given by y=b +m* In
Cum RC, where CumRC is the annual cumulative sum of the total of the reservoir storage
capacities in India in Mha CIPE,m is the slope and b the intercept. Mha CIPE stands for million

hectares of created irrigation potential equivalent(Figure 1).

Las1-9.8 Los1-9.5 Des1-9.9 Shi1-9.5 o199
FPercent Percent Percent Percent Percent
LR rlnCurmRCy) 094955924 0950344824 085253204 0710343174 0.942532012
t 1544670374 17 66295943 83277086 5146018342 14.384192933
[ 1.2943E-14 BOYM9E-16 8.2544E-09  2.2868E-05 G.84506E-14
i 0.155855525 0292475168 0.0584R966 01282053311 0.045944284
b 012572784 1123686124 0517653860 -0.00537991 ) 0.606779505

Table 3: The F-Ratio Test for the earthquake period June 1973 to May 2001 for the variables of Table 1  shows

that they all come from the same parent population.

F-Ratio Test < Jun?3-tay0 = |Jan2001-Dec 2004
W' Lag1-9.9 Log1-99 Des1-9.9 =h1-9.9 1-9.9 Focal mechanisms
Percent Percent Percent | Percent Percent Percent  |Percent 5-9.9

sdp G.7042885885 5977820057 835269 593583393 712527795 5.9383599 4. 751519605

F 1267819507 1.0389455 1 27565912 112953107 | 1.274579 1. 419626721

nF 0355151071 0.474991 034671547 0.421755943 0347221 0.272681975

df 11 11 1 11 1 1
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Table 4 Thereis no statistically significant ¢ orrelation between the percent change of water moment
and percent significant seismic morment for significant earthiquakes of 5.5-9.9 MW for the Pre-Darm Era.
The percent change of water moment exerts signific ant control over the earthguakes inthe dam era 1931 and beyond.
PRE-DAMERA Transition to Effective Darn Era e DAM-ERA
G599 wby G599 My 0.5-9.9 My 0.5-9.9 kY 0599 My 0599 My 1-9. Sty
Y%SignificantSm WS ignificantS M WSignifcat3M %SignificantSM % SignificantSM  %Sionificant Sk %65 W

Rt onth | bR 21508C-1850A01 3501897 18971924 1924-1951 1941-1873 19732001 1973200
1 Jun 1918114 12829114503 0. 462971363 3815522086 391563134935 20871853 3375406051 | 31.2445637
2.Jul 3218709  37.8944TE361 26091592233 11.98204751 1097086717 3702791101 2522974085 259397643
3 A ug 28.57346) 1873330645 9611581177 2877306185 44, 499174571 29.51518659 21.65180873 22.08152584
4 Sep 20.05831 30.58781491 0812024639 21. 43966975 2.3TERTYYE 12458504869  19.36439997 20.7341436
50ct 12.5 576329752 9.150805544 667059375 GFT1T00615 5693346701 1886539812 18.2003383
B Mo 12.5 47. 7276587 1.244844619 1672139337 1749656058 2871312609 21.30555751 19.6290594
7 Dec 124 2711863353 3035249714 14. 40041366 18.30174808 8.96932045  B6E0T21G924) 9.35382113
g Jan 12.4 0806352035 1296911401 27.80694675 T7E2298905 B.E2HTE5936 0 91599412170 10353308
9 Feb 12.4 7. 79370835 11. 63205653 6577777401 TEIT405162  B.AOFT24876 7089671167 8.32970548
10 b ar 126 3176235247 17.65880489 387439616 2403241348 2898478242 10.35327341 ) 10.5375069
11 A pr 124 1.288556507 21. 21654378 1603763942 5412822783 2828582519 9.9133581458 10.1005941
12 0 ay 124 2146206057 18.09253061 8910334483 11.8050504 7 11672334 14.0050452 0 13.4930667
r (AR ) 0. 420360106 0.385072433 0339124442 03932387145 06BYTET/1S 0E16720358 ) 069393343
pla 0173636053 0216427336 023087183 0206008219 0017183906 0032682671 001230142

34



Table 5 Dynamics of Worldwide Earthguakes initiated by Dams in India(2 2-5.59 MW June 197 3-May2001)

Yfear RC Cum RC |Lasfd Losfa T =23 ST =23 Sh VAT W= 23 T,% =23, % ChT% Ch=23% ChT%

55899  hha CIPE Mha CIPESSS99 55898 Whi=& WA 55998V 550090V 32450174 824501745 ShAYRT  SRAAYRY  SRAMR SRR ShAANT

Pl et deg deg CHm CHm v IOE19.05 v 10E19.05 *RC™WhLT *RC* 55949 55689 55898 5599 1985

Jun73 M- M-t WA= =01 =02 =E

to vy 0E19.05 w*10E19.05

May M-rm M-rm Mean 200209220 21.311 21.796
1973 207 2007 427108 607636 g.8 2.1 223.08215 90645 1601.9124 353 410903 14.853207 | 5058217 14.85321 25.2911 16.011
1974 21635 42335 591226 346673 70 245 391.81859 2260.85) 1373.5333 437.033334 28.526326| 103.2232 21.68977 384514 21.61
1975 22612 64946 288412 42128 8.6 2.3 5858.08476 38.95 1603.3525 428.803569 37.302135 13.16683 26.8938%9 28.662 28.172
1976 23633 88579 1.49028 54.5326 8.8 205 49361126 146.7 17147195 399 45172 28.786705 73.45063 27.36709 306779 28.827
1977 247 M3.279 0587267 42.0118 g.4 2.1 280.05053 73.01 17106762 427 BRO90SS . 16.37075 3414322 2516783 27.9566  26.507
1978 25638 138917 2968519 43.6474 8.9 2.2 437 35905 144,40 1796.7739 ) 465.048666  24.34184 6210103 2503016 28.4723 26.593
1979 26595 165512 299133 39.89532 8.1 2.3 38278478 5218 17761375 804.33535 21.651528 2069258 24.53321 25.8828 26.292
18980 27248 192759 071 53616 8.0 20 32141414 B9.04 1977.0101 449320471 16267587 30.73085 2349876 24.5682 25.275
1881 2F911 220671 055948 437622 8.5 2.1 210,307 21 4934 1956.0768  483.266032 0 10.75148 2041933 22,0824 229728 23.057
18952 28591 249251 005431 24 6477 a 2.6 271.85067 7618 1885.8664 589.333235 14.415585 2685295 21.31571 21.9681 22.918
1983 29287 278548 2438563 36.8905 8.1 2.3 18477265 5224 1955918 5553857 94468323 1881217 20.23673 20.8261 21.779
1984 30 308.548) -0.91211) 28.3372 8.2 235 16679544 16.38 2028.2743 581.27373 B.2235641 5635899 19.23563 19.3255 20.716
1985 302260 338774 347925 261107 8.5 2B5 39076154 10398 2118.3181 6E0.416828 18.446732 0 31.4892 19.17495 19.05 20.76
18986 30454 369229 -1.04604 18.2341 78 235 447 46245 J0.27 1983.6407 590.070339 226576360 23.8175 1941657 18.5399 20.972
1987 30634 397913 045083 24 99097 7.9 26 21487811 JE71998.6219 0 BSY.7743 10751314 23.01701 ) 18.83888 18.0712 20.365
18988 30915 43083 11417 40737 8.5 2.2 3057766 26.03 2166.6051 560.768372 14113167 9.28369 18.54353 17.2318 20.141
1989 31149 461.970 4.43582 494022 a.7 2.2 16978778 39.33 22545692 SB5.012907 ¥.15135958 13.92181 17.8734 16.6277 19.491
1990  31.384 493362 308612 33.2773 8.2 2.4 19263349 71.28 2121.8453 621.027906 90733184 2295549 17.38481 16.3415 19.017
1891 31621 524933 8.43722 4584235 8.1 2.3 1424336 46.95 2111.7971 599640102 6.74466258 1565924 16.8248 15.8936 18.445
18952 31.86 556.843 081896 252275 TB 245 252181 9286 1996 4155 B43.581327 11.281123 2876404 16.54762 15.818 18.14
1993 321 588.943 1.83935 32.5836 8.1 235 42029032 74.88 243787 B21.952891 19605054 24.07861 16.69321 15.638 18.381
18994 | 32332 B21.275 313337 B1.8991 8.9 2 957 54601 404 11| 23725433 533.155808 40.730963 151.5917 17.78811 18.3725 19.773
18995 32585 65384 267107 41.51420 835 2.2 79588584 113.87 | 22419666 590 6977585 35499451 3535544 18.55817 18.4118 20.565
189595 328 B86R4 B.435834 36547 7.8 285 46292621 163,41 21094053 6EY9.613255 21.947239 47 391758 18.69938 18.632 20.615
18997 33037 719676 021631 26.784 g 225 B95.79353 16029 21791261 B12.878943 31.929965 4904394 19.2286 18.8676 21.119
18998 33275 72971 0221120 37614 8.7 2.2 41307432 27.6E Z2306.8707 B03.576502 17.306104 ) 9165367 19.15466 0 18.3182 21.066
18998 33515 786467 1.94442 27 BO04 JFEB 205 35120118 5265 21001214 &5BG.430108 16722899 1858547 19.0646 17.9839 20921
2000 33757 820224 183012 5589014 8.5 1.8/ 1183.7362 7B.2 2365.78 628.821403 50.0373852 0 28.8183 20.17078 17.8563 22.046
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1974 21 B35 42335 593D M EETI
1975 R2E120 B4.946 25642 42173
1976 23633 68579 149028 54555
1977 27| 11327 05757 £2.M15
1978 25633 138917 296519 438474
1979 X595 169512 299133 3932
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Table 7

Year
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1)
1991
1002
1903
1904
1905
1906
1907
1908
19040
2000

CWWorlewide Eathoguakes 1-9.9 MM June 1973 to bay 2001,
Cormergence of Seistmic Moment to Rate of Chanoe of Water Moment Ratios Cha (S w3 78 75180 Lo and ChCSMAN M %)
SouFtt . Sagaing fault

RC

2.7
21.64
2261
23.63
24.7
25.64
26.6
27.25
27.91
28.59
2029
30
30.23
30.45
30.68
30.92
3115
31.38
31.62
31.86
321
3233
I25T
3.8
33.04
33.28
33.52
3376

199

CumRC Las'(

20.7
42.335
64, 46
88,579
113.279
138.917
165.512
192759
27671
249. 261
278.548
308.548
338.774
369,229
J97.M3

430.83
461.978
493.362
524.983
556.843
588.943
621.275

653.84

G86.64
T19.676
752971
786467
820.224

1351975
15.909
18. 13651
14.55155
15.24443
20.30073
19.73825
17. 82875
15. 80564
18.82004
19.84274
16.89818
21. 18443
1794154
20,1235
23. 31206
24.524%
25.0029
23.97914
21.96223
25.94145
2284814
19. 10354
16.83351
18.5539
17.3129
19.51357
16. 46043

199
Los'(

2500059
8. 062067
2012573

23,9768
1441119
18. 11783
0. 15235
1217098
22. 38664
12. 70488
18. 82847
14. 54217
14.60083

304768
1019614
18. 11514
18.63424
16. 35161
6. 5304 16
-3.60438
0.01682
13. 00002
21.86019
16. 12553
8. 361654
5 108964
2625578
2000288

WHMA WRA
T CG-
S00Flt

cm - cm
85 4.5
] 4.3
7.9 4.2
&4 44
a1 4.35
7.5 4.2
7.5 4.35
7.85 4.25
8.2 44
7.7 42
7.65 43
] 43
7.5 4.15
.7 4.2
7.5 4.15
7.2 4.05
T 4
T 4
T 4
7.25 4
T 4
7.15 3.95
7.75 4.15
8.05 4.25
7.8 4.25
7.8 415
7.6 4
8.1 425

WH'T

WM
CG-SggFit

SM

VH0E19.05 N4

T68.0233753
T67.0380957

783032605
857.3507883
8858858097
887.8201808
953.8516398
9548060005
1012557401
990.0798342
1038. 328852
1063607251
1034. 237674
1054. 593798
1049 208979
1032323593
1027. 296194

1035. 4651
1042.862787
1050. 745024

1058. 66024
105208271
1114. 270822
1149355432
1157. 660226
1138. 564766
1105.327039
1182389970

232276
400, 756

608, 22
504.016
291,129
45617

30196
330.378

219.07
282,555
195. 768
178. 562
403.142
458.822
225,178
F316.532

170.46
204,185
152769

236.76
429,974
979,918
805,772
473.673
T05.455
422,406
J60. 691

1195.8

SM78.75 SMAWM™: SMAAMY: E: CNY

to 180Lo =78.759.0 T

1549177
78.833
188.8723
424.5975
197, 2369
133.5189
145.5763
250. 189%
50.6976
185.3152
831752
G2 1847
107.8048
1281354
120.4376
263. 1648
110.7875
107.0423
100. 6847
104, 8986
M2 1509
G05. 8346
5020536
2241
544. 6601
380.9255
211,606
086, 6606

20.170%2
10.277586
24120618
49523841
22264368
15.038958
15.261944
26.203187
5.0068865
18.717198
8.0104872
5.8465848
10.4236
12150214
11471242
25.976816
10.784378
10.341786
2654645
9.9932593
2320086
57.535004
45.056604
19.550058
47.049133
33.456639
19.144198
83411781

16.01117
28.08285
41, 29552
0. 79316
17, 64865
28. 10767
23.83355
18.73333
11.60919
15. 56652
10.59777

0.02375
21.56872
23. 73106
11. 86755
17.24743
9.481728
11.27264
8.370842
1243175
23.20851

51.4114
38. 72202
21.75792
33. 20341
19. 73002
1717476
5304175

SMAAM
T

16. 011166
21.610377
28172002

2882736
26, 591619
26. 844203
26. 414187

2545408
23.915759
23.080835
21. 946011
20. 869156
20922969
2112347

20.50648
20. 302789
19, 666256
19 199945
18. 620992

18.32004
18. 552862
20.046432
20.858453
20. 595931

21.38823
21.32479%9
21171093
22309331

0 (Cm
SMWIM
»78.75Lo)
20170962
15.224274
18.189722
26.023252
25,27 1475
23.566055
22379754
22857683
20874261
20658555
19.50873
18.370218
17.758M
17.358317
16.965845
17.529031
17132286
16.755036
16.38 1332
16.06 1428
16.83565
18.685625
19.832193
19.820475
20.90%5:21
21.392199
21.308939
23.526808

Fin. 5

Xh2 o
px*2]

13.0987
120179
10. 1308
6.59365
6.32089
6.25535
5.85501

5.2388
4.97396
4.58716
4.33295
4.06227
3.76304
328456
261342
200209
1.62314
1.29665
0.98531

0.7139
0.43543
0.27649
018412
0.13362
0.07827
0.06756
0.06735
0.06645

37

L]

98.86
99107
99,629
09,943
99,977
99.959
99.953

00.9%6
99.945
099.937
99.912
99.879
99.842
99.845
99.901

90N
99.94
99.94
99947
99.949
99. 965

00.9%
099.928
99.787
99.431
96.678
79.524



Table 8

YWorldwide Earthguakes 1-9.9 WMWY June 1973 to May 2001
the worldwide F atio of Seismic Mamert to Rate of Change of Water Wom ent

stress relieved ratio in rocks.

The resul

Az reservoir capacity builds up on the subcontinent,
becomes identical to the

The surge of stress build up in rocks is the resalt of a surge wave of force and of bending morm ent
caused |bythe rapiid build up ofwater masses behind dam s in the monsoon and their surge wave of release during the dry season.
iz a surge of earthquakes as an annual feature.

Wik A stands for the distance to the annual mean cum ulative coordinates
ofthe hypocenter ¥om the centre of geavty ofthe water mazzes.

Z.Mo

o @R L) R =

[ R I RN N R 0 S ) ) QRS U A U N R T DU
[ B o N e = e e R T e ]

' ear

1973
1974
1973
1976
1977
1973
1973
1980
1951
1952
19583
1954
1983
1956
19587
1953
1353
19580
1991
1952
1983
1994
19585
1996
1987
19583
1989
2000

R

207
21 633
22812
23633

247
23633
26.593
27.243
2751
23591
29287

30
30226
30.454
30654
30913
31.143
31 .354
31621

31.36

321
32332
32565

328
33037
33273
F33913
F3.757

Cum RC
mHa CIPE
207
42.335
G4.945
2a.579
113.279
136117
165512
192.759
220671
249 261
275.548
305.5458
335.774
369.229
3973
43083
461.973
493 362
524 9583
556.843
586.943
G21.275
B53.84
BEE6 B4
T19.676
7a2.87
786 467
820.224

M ean

CumRC
—————— -
10.35
35175
42 GE033
2414
65 9673
T8.126
9060971
103.3754
116.4109
129 959
1432279
157 0046
170.95865
185147
199.3314
2138001
226.3988
24311849
25785349
2728984
287 941
303.0993
318.34849
333 6944
3491336
364 GESS
380.2681
396 0001

cum o jCum
JLas, M Loz WIMA
1-99 14949 cin
13.52 2509059 12.85
14.74 16.830M 14 .4
15.94 17.99577 142
15.6 19.48723 14
15.52 1840415 142
16.26 1836011 141
16.89 14.95656) 14.7
17.02 1458618 14.7
16.87 1557542 146
1712 154795 146
17.43 15.63138] 146
17.37 19.504858) 146
17.84 15.39327] 147
17.85 14,4189 1475
18.06 13.83675 14.85
18.55 1422875 147
19.1 14.64056 1475
19.67 14.80336) 1465
20,08 1402492 14 65
20027 12.20896 151
20,86 10.94759 15
21.04 11.22547 15
20086 12.20738) 144
20057 12.48955) 1475
20,42 12.190M 151
20.2 11.63566 15
2016 11.13558 151
1991 11.79704 151

oee Figure 5

Wb
=5.245*
hMean CRC
i A,
v 0M 9,05
M
1096 564385
374200974
4994 29166
2493302
TT23 444056
052 499067
1098203329
1252961412
1401319357
1561240335
17241 3460
185899.74073
2072386223
22516 42097
2440578779
25912885828
2TTTE 43027
2936615496
M158.05748
3397570813
35611 98065
3748580315
3910932314
40581 5243
43466 963561
4510004552
47345 67969
49301 81534

S

C 5

w0 8.0 0 9 0S5 C S hd !

M
2532276
400,756

E05.22
504016
291129
445617

391 .96
330375

Ma0r
252555
195.765
178.562
403.142
453 322
225178
IME.532

17046
204185
152 769

23676
429974
a7a.mMaG
805772
473 B3
705 455
422 406
360,691

1195 3

M
2322757
B33.0313
1241 251
1745 267
2036.396
Ma2013
2e734a72

3204 35

3423 42
3705975
3901 744
4080.306
4433 445
4942 269
16T .447
5483979
5654 439
5555 624
BO011.393
B245 152
BETS 126
TESG 044
3463816
3937439
9642 944
10065 .35
1042604
11621 34

Wk !
2M.1821352
16. 916551
24.8517149
27.927039
26.3664149

27532742
26.1697E7
23.974214
244299749

23.737358
22 830157
2 .359 T
21.6834229
21949623
21.173041
21163135
20.356365
19.950259

19.29322
15.390057

158.75247
20429151
21 641425
22.023379
22.154:336
22 HTELS
22021103
23.972544

Stress
Felief
Ratio

n

rock s

g

19.743
13.743
19.743
19.743
19.743
13.743
13.743
19.743
19.743
19.743
19.743
13.743
19.743
19.743
19.743
13.743
19.743
19.743
19.743
13.743
13.743
19.743
19.743
19.743
13.743
13.743
19.743
19.743

Chi-=guared
Yalues

g

19.610339
19505436

19.10059
17778953
14.356434
12164397
92307534
71987361
54364521
4 3237655
33156273
3.0934133
29207739
2.7396055
2.4929301
2.3393933
22872463
22651533
22659776
2.2357303
2163067
21133206
20554719
1.9069247
16433337
1.3413933
1.0057973
0.7 4293521

2]

g4 6703597

g1.4533:59
792285787
g1.359755

91,5885
95.353039
95. 9963
99.613103
99.856035
99.953515
99.973662
99.973194
99.9835949
99.943175
99.953162

93.85326
99.7 0533
99.354116

95 65295

a7.21309
95.0.55923
90.353692
g3.663155

5. 26728
G4. 353963
311235635
31981203
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Table 8: |Dry Seazon Water withdrawal cauzes eatthguakes whoze parameters are a mirror relection of those

for the manzoan. 1-9.9MM | June 1973 ta May 2001

fMean Imowto  (Jun?3-May01l  Mean Farce 1-949 1-9.9 1-949
honth R &= ervoir M orit hly M orit hly on fault Dizplacem ert DesiGF LasioF

% Rains00* buildap buildap =F S E ki S DegressiCimM*

fMean Cum EC  |idizcharge Idizcharge 104-19.05 104-19.05

1973-01 M ha CIFE W1 a 050 m vEZ wi1EZ
Monsoon Mha CIPE Mha CIPE k ha Y2 his
June 7595734622 ¥5.O5734622 37 ATaETI 0.000332054 147 AT205325 195.327925 S97. 7025561
July 127 4608741 2034182203 1396877332 0.001229314 332363027 51 91573586 160.EEYEE4T
AL 113150584 3B 5691043 250 0036623 0002273169 1515006556 308073153 8380865851
Sep 79.430539571 396 356.2545521 0.003115057 1092713714 2145186192 G1.73747323
Dry season
Ot 49.5 49.5 2475 0.000216393 -258.00044 -311.92835149 -919.90451 31
P ooy 49.5 o9 7425 000054915 -93.09519293 032616359 -288.304481 2
Dec 49.5 145.5 12375 01.001 051967 2671330 37 -B1 21323386 -193.1302454
Jan 49.5 198 173.25 0.001 514754 -20.527465 57 -42 53976547 -133.66895085
Feh 49,5 2475 22275 0001947241 -14. 10641255 -32.5330604 4 1002152527
P ET 49 5 297 27225 0.002330323 1293244718 -2T 09B3037Y -8B 53314222
Ay 49.5 3E.5 32175 0002813115 10.54444525 -23 64260419 -F2.19358068
e 49.5 396 .25 0.003245902 -11.55047 3587 1958206426 -63.7825713
R edgre zzion Lnx %1) Ln =, %2 [Ln®, %3
et SEason et et et
¥ Cortelation Coeficient -0.953090513 -095951996 4 -0.9722031
of Degress of freedom 2 2 2
t Student's t 5126365531 56251353525 SET261545
1] P robakility oft distribution 2 tailed 0.0360024 57 0030180036 0.02773649
Dy Season Dry Dy Dy
¥ Cortelation Coeficient 0.930482575 093711991 4 0933447085
of Degrees of freedom = = E
t Student's t 6.2 62865 GATT1237T3 G.37 4052565
1] P robakility oft distribution 2 tailed 0.0007 967 06 000059261 1 0.0007 0066
R edre ssion 1,20 1 %3
Wyet Season Wiet Wet
¥ Correlation Coeficient 099967331 3 0.99945067 1
df Degrees of freedom 2 2
t Student's t 5531302775 42 64861324
1] P robakility oft distribution 2 tailed 0000326687 0.000549320
Diry Season Doy Diry
¥ Correlation Coeficient 0994837062 0091871284
of Degrees of freedom & ]
t Student's t 2401183926 1909366635
1] P robakility oft distribution 2 tailed 3427 28EOQT7 1.334E61E0E
Mote: Cum RZ: Cumulative Reseroir Capacity Las: Latitude zum; Los: Longitude sum; Des: Depth sum; & Quake sum

fean Cum RC forthe period June 1973 to May 2001 iz 396 Mha created irigation potential equivalentiMha CIPE)

M Seizmic moment sum: v 109,05 Nm;
Percert Rain isthe longtenn mean for the morth as % ofMean Monsoon rain.

1-949
LosioF
DegreesiQmM*
10" -19.05
wi1E2
4
399 0035432
0740812773
54 55261191
2900301129

361 047 6001
215 1428069
4149 2552597
£3.60564206
91 51460622
-50.2050097
43 8554832
.22 DE254665

(Ln ¥, ¥4)

W et

11 954856872

2

5192657925

0.03514 3125

Dy

0.93604 4572

&

14, 50800452

6.7 2362E -06
1,43

WWiet

0.9993992352

2
40. 75052902
0.000500755

Dy

0.944 36 2559

=
7053025404
0.00044 2804

14.
cuF

]

IR *

10%

-19.05

Ww1EG

A=

[Ln

Dy

1

Doy

740635241385
21.35486352
10.82805436
72531674

4167456511
3855322216

232613272
-1 7 07663463
4209370893
4118963204
9 411629221
5 519482577
¥, Y5

et

09771 70535

2
G .504 52231
0022529465

0934521611

B
G.445104373
0000635335

ra)
et

0995485975

2
2350235198
0.001 534025

0 994 625638
G
235377036
38356 TELOF
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Table 10 1-8939 M Earthguakes, June 1973 to May 2005 Correlation of wet and dry season earthouake
parameters with mean curmulative reservair capacity are statistically exrenely significant.
Faor each parameter, thewet and dry seaszon values comelate statistically exdremely

significartly.  These are for annual parameters. Tahles 11a and 11h.
r o df t
inmere, 3 090548067 45351E1S 30 AR
inmerc, b 053478908 H09EZ5E15 30 14, 40707444
inmerc, a+ [0 .AEE55730 000071778 30 3.700E520G
ab .593094 5457 115719614 30 13.90355615
mere,1-9 9csrm 0 S3402068 4 5045824 30 AT
mcre,1-9 9csmd | 080651657013 27511905 30 7. 43601493
149 CE i, CSd [0 9555170 6£90H35E18 30 18. 490355
rncre, -9 Sclase 05977248120 923eE2, 30 255507
rcre,1-9 9clasd | 093065551 8.265/bE23 30 2 AL
149 clasw, clasd [ 2554571 20A4R1E47 30 183 447594
mcrc,1-9 9l 0993553051 28750600 a0 49 5090
mecrc,1-9.9closd | 0585258008 14941E-24 a0 J1.5NMG7772
199 closw, closd 09852 180545623 a0 28 925TR267
1459 micrc, cde pen 080425552 2924808 30 413304052
1459 mecrc,cdepsd [0.510%54554 1.52408E08 30 JES1E036
1459 cdepawe cdepsd | 05999770408 1.5 HEL 30 250, AH1E3A2
199 MMCKC, Cosw 097833155 A A7FFFED2 30 20 00EASS
1459 merc,cgsd [0 578064 b 2A0RAEDY 30 2573718504
149 Co s coys d 0 SLe 1.30R32E68 30 435 511485

Legend: mcrc: mean curmulative resenair capacity, csmm cumulative seismic morment; csmmw means csm for wet season;
camd for dry season; clas: curmnulative latitude sum; clos curulative longitude sury cdes: comulative depth sum;
cos: curnulative quake surr woforwet and d for dry season as for csm

a displacernent | wet seasol b displacernent, dry season inrmcrc: log to base e of meorc,



Tabkle 11a

June v to

May v+1

1873
1974
1875
1976
1977
1875
18749
1930
19581
1952
1983
1954
1835
1836
189587
1985
1989
19390
1991
1932
19935
1994
1995
1996
1937
1935
1839
2000
2001
2002
2003
2004

Woarldwide earthgquakes 1-9.9 MM June 1973 to May 2005l 9th May):
Dryzeaszon values are statistically the same as monszoon values except for =eismic mom ent applied force and displacement
which are miror reflections of monsoon walues. Yalues are percentages of guantities indicated in bold.
JS refers to June to September monsoon peiod. OM refers to dry seaszon . Thiz pat ofthe table is for monsoon.
Yaluez are percentages of absolute quantities indicated in bold

Reservair
Capacity
RiC

mMha CIPE
20.7
21.835
22812
23.833
247
633
.5993
243
A1
591
287
30
226
434
G54
9135
149
31.354
31.8621
31.86
3241
32.332
32,3965
32.8
33.0357
33.275
33.915
33.757
34.0007474
34.2462545
34.4335349
34.7426006

23
26
27
27
28
29

30
30
30
30
31

Cumulative
R eserair
Capacity
CumRC

Mha CIPE

20.7
42.335
G4.946
g88.579
113.2749
135.917
163.312
192.73549
220671
249 261
275 548
305.548
335.774
369.229
387.913
430.835
461.975
493362
224 9583
336.543
S85.943
B21.275
G33.84
BE6 .64
719.676
732.971
To6. 467
g20.224
g33.951
ga87.738
921.495
935.252

Mha CIPE
20.7
3.7 3
42 BEOS3353
2414
G5 9675
Fo.126
90.6097 1429
103.378375
116.41058559
129.68959
143.2273091
137.00458353
170.9563462
185147
199.3514
213.8000625
228.3957V647
243.1159444
237.9533947
272.89335
287.9450052
303.0993152
318.3459135
333.894375
349.13364
J64 6653462
3802851111
396.0001071
411.7925317
427 8574
44336876452
438,377 1363

M ean VW ater
Farce
Mean Cum RC F

w19.03 M

9.0492E -05
0.00013778
0.00015649
0.00023665
0.000258838
0.000354133
0.00035359611
0.00045193
0.0005059
0056695
A00E2613
D00ESE36
00074745
.000s03939
A00sE7v139
000935465
00099346
00106282
A0112767
0.001133
0125579
00132502
00139169
00145877
A0152627
0138417
A01E6246
A0 7s115
o1s0019
0156954
00193915
Q0zooa0s

oo oo oo oo oo

oo oo oo oo oo o0

1-9.9

JE

Cum ulative
Latitude sum
ClLazJs
%2004 value: %2004 value:

2527981.835
1.01644252
1.977059239
3.2501 03239
4264779525
4.9306535258
G.217054921
7427651492
3.921470302
10.05530695
11.46554063
13.1874355979
14.54588151
16.72653403
19.258162024
21 .336613561
23.831015999
26.96308718
30.1861562
34.06503213
39.24453013
46 06360603
21.191 24586
2514013283
29.25950892
G2.1:5803171
G3.363539433
7049529173
75.92545295
80.7Y56205875
g7.14925432
93.901 26594

100

1-89.9

S

Cum ulative
Longitudesum
ClLosds

1092491.46
4503503444
5.942338976
10.63642522
15 67366394
17.69400742
19.73227323
22.63543056
22.68031825
26 49767075
2943604627
34.2358395449
38.7821878583
4:3.2159449719
42.02473592
45 99550077
3150774726
S6.58532976
G4 .BES69516
Gd.Ga609524
G3.34473223
G3.99559045

G8.6010946
7412119267
83.135841252
g6.21162356
g7.717da7r31
g7.472499749
102 6702705
100.47087352
101.9052451
101.8763753

100

1-9.9

JE
Cumulative
Depth =um
Cheszl=

1-9.9
JECum ulative

Seismicmoment quakesum
Sum:
CSMJS

%2004 value % 2004 walue:

2382952
0.73507EEG
1.42614287
2.2091 7385
2.85165364
3.499407 46
4.21907 7855
4.94539344
2.592739203

612058115
B.83370455
763759404
8.3758276149
9.23331649
10.1403:3503
10.9702755
11.8632055
126310317
13.6608794
14. 7036617
16.027 3644
17.44447E64

18.962592
20.5162294
220036996
23.09693149
24 3746244

23.703002
27.3903125
419393257
29.8353545593
¥5.19130356

100

4565. 774907
1.727312235
3.09:3434687
6022795165
10.88677VE22
13.8T177E76
13.89539551
24 04727322
231 TOTET
30.37998607
31.8535784351
326952601
331B17T1313
33.07473:3851
33.932987585
4031153651
41 30128625
41 64433166
44 13713125
44 54441311
46.73573415
53.43474615
B0.10223143
G4.53450375
B9 .B5383792
70.463
¥1.395881254
4. 27683745
G4.24574942
94.22044951
97 .54527093
93.83697305
100

1-9.9
JZCum ulative

Cos

2004 value:
132237
1.206923932
2459220944
3.747816421
5062123309
B.2471162149
7. 488070661
§.90068539
10.45496261
12.02008515
13.5821177849
1529224045
1710338256
19.32817593
21.75336706
23.89951375
26.19009308
28 68410505
31.54563398
34 54101348
38.67979461
43 6572215
47 AYBT38T3
52.39078321
SE.EOS21102
G0.12689338
G4 93795231
69.49870309
Td B5232877
79 82561613
85 92224566
93 50862467
100
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Table 11

B

Woarldwide earthgquakes 1-9. 9 MM June 1973 to M ay 2005000l 9th May
Dryzeason values are statistically the same as monsoon values except for seismic moment,

applied force and dizplacement which are mirror reflections of monsoon values.
Yalues are percentages of guantities indicated in bold.
Thiz part iz for dry season but shows alzo calculations for both seasons.

June vy to

M oay v+

1973
1974
1975
1976
1977
1978
1874
1950
19851
1952
1953
1954
1985
1356
1987
1955
19549
1330
1991
1942
1993
1994
1935
1996
1997
1995
19349
2000
20
2002
2003
2004

1-9.9
(o] 1]
CLazOM

W2004 walue:

340T262.87
0.64467 3234
1.57397539
2667901182
3.463190426
4.5398722237
3.633708775
7354836277
g.5986304405
9.762400347
11.5008766
13.222809495
14.91701623
17.7921744
19.536193164
21.92050486
24 90606491
28 357412
32.507921849
36.396513149
40.7 3493657
46.2445121
31.31139736
26.4152 3361
29.63660705
G4.44547485
B3.8757 2285
72.9341 35532
T6.6301633
g80.21503444
85.111158154
93.73554522
100

1-9.9
(] ]
CLasOM

W 2004 value:

2TT0238.53
2.279971 537
3.392308963
2.031113332
71280586545
9.001071332
11.04372003
9.5571358187
12.39065392
15.6409535335
17.B3625745
2042217787
22.78B63599
25.30019211
27.831580552
2913412919
33.67201 307
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Table 12 :The race of the seasons to register peak quakes

Cum RC: Cumulative Reservair Capacity.

CumRC
fHaCIPE

42335

B4.945

g88.575

858.579
113.279
1353.917
165.512
192,759
338774
1ol

430.583
588,943
B21.275
B21.275

B53.54

BA3 .54
718 676
752,971
820 224
820 224
853,981
853,981
g7 v3s
521,495
955.252

Hydrological (Season
Year y: d: dry
Jun y-May vy +1m:owet
1974 d
1975 d
1976 m
1976 d
1977 m
1978 m
1979 m
1980 m
1985 m
1986 d
1988 d
1993 m
1994 'm
19594 d
1995 m
1995 d
1997 d
1998 d
2000 m
2000 d
2001 m
2001 d
2002 d
2003 m
2004 d
r
df
t

P

Mornent
Magnitude
it ful
8.1
8.2
a
8.1
5]
5]
8.1
a
8.1
8.3
8.2
8.2
8.2
8.3
5]
8.2
8.3
8.3
8.3
8.2
8.4
a
8.5
8.3
9.4
054519315
23
3.11893305
0.00452527

worldwide . The dry season-maonsoon game.
Mha: Million hectares created irrigation potential equivalent.

Seismic Date
Morment Sh
w0905
141.253754 May
199.526231 Jan
100 Jul
141.253754 April
100 Aug
100 Jul
141.253754 Sept
100 Jul
141.253754 Sept
281.838293 Oct
199.526231 May
199.526231 Aug
199.526231 Jun
281.838293 Oct
100 Jul
199.526231 Feb
281.838293 Mar
281.838293 Mov
281.838293 Jun
199.526231 Mov
398.10717 1 Jun
100 Mov
562.341325 Mov
281.838293 Sept
12589.2641 Dec

0.6105727 2 Wet Mean
22 Dry Mean

361614125
0.0015307 4

Maonth

Day

26
14
27
21
19
24
12
17
19
20
23

30
17
25
29

16
23
14

25
26

Hypocentre
Latitude Longitude Depth
degrees degrees  km
36 -17 .65
-28.43 177 BB
3957 117.93
297 160.73
-11.09 118.46
221 121.4
1.7 13549
-12.52 16592
1818 -102.53
-281¢ VBT
-A2.34 160.57
12,95 144 .8
-13.84 5755
4377 147 32
-23.34 -70.29
-0.39 136.95
-62.38 149,53
207 124.89
4.7 102.09
-3.98 15217
-16.26 -f3.64
3595 80.54
B3.52 14744
41 81 143.91
3.3 8595
4265 B1.37083 HFT
047231 53.81231 HFT

33
33
23
33
33
15

33
27
29
10
59
B31
14
45
33
10
33
33
33
33
10

27
30
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Table 13

= Mo

Era

Period June-hMay

W hAAT

WY A3
WAANYIMAT % =E
SMT

S =23 called S
SMISMTY%=0

SIS T Y-\ AN AT %
(S MAS WATU (AT A T)
S M TS,
SMTANMAT

WA= 3

WAT

=235MANM' % =01
SMTAVM' T % =E1
(D-E~2/E
H2=5um[(0-E)"/E]

df

p(e2)

%p(e2)

(O1-E12E1

A= 5um[(O1-E12ET]
P2y

Significant Quakes £.5-9.9 WY 2150BC-2003A0 SM R atio and VW Arm Ratio

converce to one ancther in dam erawhile they diverge into the pre-dam era.
Similarly with the ratios =2235MMWWN' and SMTANVM T Mote that the convergence

trajectory for the latter set leads to the stress relief ratio in rocks of 19.743% right from the

pre-dam era.

1

2

Lommeeen Fre- Dam Era--=

-2000- 1000
10,35
2345
22705314
22378
22378
100
77294656
4 40425532
8952255319
2B.21258
5.8127E-11
2.8601E-10
3.8498E+H15
8.7411E+14
2B3.130546
17132413
7
1.3245E-6H4
1. 325E-BY
1.013EHE
1.0M13E+1EB
a

1000-1570

3.2

4.6
5B.097581
110247 .82
5913.42

8. 08459456
-45.01 2666
0. 14412203
1937.7
13444 5561
210848017
375859509
4227 41466
293321586
41 092595833
54 0015672
a

7. 3718E-10
7. 3718E-08
21486.6229
215637 5372
a

187 0-18597

7

3.2

45 714286
3827 .8
2283
B3.564 165
15.149875
1.3970°286
J04.0625
a03.97 143
bB3.6722
1451 5642
33952585
243.03435
7206021
12.908534
5
0.0242507
2. 42650663
35.308524
A0.91433
8.005E-10

1897 -1924
77

4
51.943052
38E29 .8
194197
49 002771
-2.945281
0.9433033
45854 9245
5146.7273
29768141
57303671
F52 . 36523
Fo1 57524
01669376
5.70256259
4
0.2224895
22248947
22230768
12604455
0.0133793

1924-1951
a
4
50
27245
B8430.2
a8.805036
-11.19495
0.7761007
2107 .85
2715.6625
E713.6374
13427 275
125.6683
161.79381
2.8055445
5.5355752
3
0.1365262
13.652623
58.1108678
10.381378
0.0155876

1951-1978 19512003

o

4

Al
12631.5
F749.5
G1.350592
11 350592
12270118
1937 .375
1678.9375
157335671
31467142
49 254552
40141872
25767187
3.0290308
2
0.2199147
218991473
2.068R5E2
2270510
0.3213402

3

5

55 5555555
234724451
123857325
527671165
5.09 295557
1.13054247
253164
2657 35330
47103.6198
84786.5156
262948512
27641723
0.1359957 02
045231208
1
0.50123303
601235025
0.0697427
0.201523584
0.65 325271

g

S

19758-2003
8.9

4154

4B 67 4157
1084 1.045
464603
428555924
-12.65963
0.77 140656
929 206
1204 5605
266357 B9
54928 09
18.121875
19.736437
0.3123551
0.3123551
a

0.1320811
0.1320811
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Figure 1: Control of the Correlation Coefficients of the Earthquake Parameters
by Storage Behind Dams in India:1-9.9 MM: June 1973 to May 2001.
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Figure 2: The Initiating water moments. Scale: 1 inch = 758 miles.

R. ASHOK KUMAR,
16.6.2003
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CHITSM WM [Eee 1t gend), X=2 Ep(X 2] dF

Figure 3. Cumulative Means of SoShAWAY for 5599 M =23
ShANYIS 59 SN and SeShANR -2 SN are statistically extremely

significantly equivalent as detenmined by Chi-square sums and their
probabilities( 197 3-2001)
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Fig.d Control of Seismic Moment by Water Moment Seismic Moment Hatio SM=23/5MT
converges to Ratio of Water Moment Arms WhA=23AMMAT . The Ratio of Seismic Moment to
Fate of Change of Water Moment=23 SMAAWW % & SMTANWMT% converge to the Stress Relief
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As per Legend

Figure 5: The Fatio of the Seismic Moment ta the Rate of Change of Water Moment Waorldhwide
and for -90 to 90 Latitude, 78.75-180 Longitude converge as shown by the Chi sguared

Distribution: 1-9.9MM: 157 3-2001

120

100

a0

G0

40

20

1 100 200 300 400 S00 GO0 a0 o0 00
Cum Reservoir Capacity,MHa CIPE

——1-9.9 E CM SMAWM'% T)

—8—1.9.9 O (CM SMAAM'SE 7875180 Lo)
198 %2

1208 % p[H2)]

—#— degrees of freedom

49




Figure 6: The YWater Moment Anm 7872 to 180 Longitude controls the Seismic Moment of
Earthquakes inthe zone -80to 90 Lattude, 78.75-180 LongitudeFange 1-9.9 MW, 1973-2001

Cumulative Mean of Water Moment Ratio and of Sesimic Moment
Ratio and their Chi squared Disthn
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Figure 7:For quakes 1-9.9 MW the latitude per quake and (30 deg- the longitude per quake)
converge to the latitude and longitude of the(1984) center of gravity of the surface water
masses on the India part of the Indian plate (1973-2001)

Latitude per quake,20-Longitude per quake,Chi-sq sum

Latitude/Quake,Chi-sq sum (90-Los/Q ),df,% p(X*2)-See

Legend
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Monsoon({Positive) and Dy Season{Hegative)
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Figure 8: June 1973 to May 20071 Worldwide Earthquakes caused by dams:Monsoon and dry season patterns
are mirror reflections of each other:1-9.9MMiTable 9).The 4 points of upper graph refer to Monsoon June to
september; Lower 8:0ctober to May.
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Figure 9: ‘Marldwide earthguakes caused by Indian dams:1-9.8 MM: June 1973 to May
2008; Chi-zquare test shows that there iz no statistical difference in the absolute wvalues of
maonsoan and dry season displacements{Table 11h).

200
150 —— Monsoon displacement; CSMISICEUSE mic
&
= 100 . —_—
= —8— Dry seaszon displacement{negative):
T CESMOMICOMIE mic
E 50
= { Chi-souare sum: Monsoan
g valuez(Expected) Dry season
E 0 : values(Ohserved).
g i 200 Degrees of freedam Df
E -50
= —— Percent Chi-zquared probability one tailed.
-10a
-150

June 197 3-May 2005: Annual Cumulative Reservoir Capacity,
MHa Created Irrigation Potential Equivalent

53



Running mean of the Change in Water Moment®s and Cum ShP:1-9.9

Figure 10:The Cumulative SM% is controlled by the %0\M' repeatedly during successive
feydrological cycles: 1-9.9 MW See Figure 1 and Tahle 2.
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Figure 10a The correlation of the Cum Sh% with Mean WAMW'% becomes more and more statistically
significant as maore and maore dams are commissioned in India; See Figure 1 and Takle 2.

50
45
40
35

30

ae —— Mean W From Jun 73

—m—Cum =M Sum % from Jun 1973

20

Mean W0 Cum S Sum %

13

10

Jun-a0

Mow-30
Jul-81
Dec-g1
T3-85

Apr-g1

May-82
Jun-85
Mov-35
Jul-86
Dec-36
May-a7
T3-90
Oct-89
M &r-a0

Bpr-86

=+
ot
o
o

u
fis]
L
i
=

Ag-82
Jan-83
Sep-83
Feb-a4
A0-37
Jan-ga
Sep-go
Feb-89

Meonths of the hydrological evele

55




Figure 10b: Control of Cum Sk Sum % of worldwide earthguakes by Mean W' gets
stiffer with increasing number of dams commissioned in India: 1973-2001: 1-9.9 kA

see Figure 1 and Table 2.
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See Legend

15

10

Figure 11({Table 14): Mean Duration B etwe en Monthly Peak Magnitudes of Worldwide Earthquakes: June 1973 to
May 2005.Extreme statistical significance of linear regression with change of water moment: r=00%9; p=6.24E-05.

Chi-dist: Sum X~2=7.34; p=0.77.
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Figure 12 As the reservir capacity increases | the mean duration betwesn morthty peak magnitude ouakes decreases
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Epilogue

Homeland Refugees

To Reverdure

Homeland refugees

Whose land is therr homeland

Created by selfish concentration
Ofrainwater by dams

On the subcontinent Indian

Worldwide seismic moments shallow

By destroyers of forests follow

Driven by magnificent monsoons every year
Damned by Hydroelectricks!

Natural intrinsic control lost

Of equitable water distribution

Replaced single mindedly by surface reservoirs
Relentlessly silted up by the rushing rains
Lake after lake becoming a barren landscape
Welcome homeland refugees to hell

By hydroterrorists, ramwater robbers:

The stupidest peasant or tribal

Is more competent, yes Wendell Berry

Than the most intelligent in a society

Of mhuman specialists!

Ramaswami Ashok Kumar

Copyright ©2007 Ramaswami Ashok Kumar
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