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Ab o u t  

Seismology  i s  the  s tudy  of  se i smic  waves ,

the i r  propagat ion  through  the  Earth ,

the i r  sources  and  the i r  ef fects .  Seismic

waves  resu l t  not  only  f rom  earthquakes ,

but  a lso  f rom  other  natura l  and  man -

made  events .  Even  a  person  s tomping  on

the  ground  can  generate  a  se i smic  wave

that  can  be  picked  up  by  a  sens i t i ve

se i smometer .   

The  s ize  or  magnitude  of  earthquakes

and  other  se i smic  events  i s  measured

us ing  the  Richter  sca le .  Severa l  thousand

earthquakes  l a rger  than  magnitude  4  on

the  Richter  sca le  occur  each  year  around

the  globe .  A  magnitude  4  earthquake  i s  a

fa i r l y  l ight  earthquake  which  can  cause

windows  and  doors  to  rat t le ,  but  which

does  not  resu l t  in  s ign i f icant  damages .  

A  se i smic  event  generates  two  types  of

se i smic  waves :  body  waves  and  sur face

waves .  The  fas ter  body  waves  t rave l

through  the  in ter io r  of  the  Earth  whi le

the  s lower  sur face  waves  –  as  the  name

suggests  –  t rave l  a long  i t s  sur face .  Both

types  of  wave  are  looked  at  dur ing

analys i s  to  col lect  spec i f ic  in format ion

on  a  part icu lar  event .  

The  ins t ruments  employed  to  measure

se i smic  waves  are  se i smometers ,  which

are  sensors  conver t ing  ground  motion

into  elect r ica l  vo l tage .  

THE  OBJECTIVE  OF

SEISMIC

MONITORING  IS  TO

DETECT  AND

LOCATE

UNDERGROUND

NUCLEAR

EXPLOSIONS .



Seismic  monitor ing  i s  one  of  the  three

waveform  technolog ies  used  by  the

Comprehens ive  Nuclear -Test -Ban  Treaty

(CTBT )  ver i f icat ion  reg ime  to  monitor

compl iance  with  the  Treaty .  The

object i ve  of  se i smic  monitor ing  i s  to

detect  and  locate  underground  nuclear

explos ions .  Data  resu l t ing  f rom  se i smic

moni tor ing  are  used  to  dis t inguish

between  an  underground  nuclear

explos ion  and  the  numerous  natura l

and  man -made  se i smic  events  that

occur  every  day ,  such  as  earthquakes

and  mining  explos ions .  

Underground  nuclear  tes t ing  began  in

the  1950s  and  provoked  growing

concern .  

  I t  was ,  however ,  soon  recognized  that

se i smic  observat ions  could  prov ide  a

method  of  ver i f y ing  the  s t rength  and

locat ion  of  these  events .  

Seismic  technology  i s  a  very  ef f ic ient

means  of  detect ing  a  suspected  nuclear

explos ion .  Seismic  waves  t rave l  so  fas t

that  an  event  creat ing  these  waves  can

be  reg i s tered  by  se i smic  s tat ions

d is t r ibuted  wor ldwide  in  a  t ime  span

ranging  f rom  a  few  seconds  to  about

ten  minutes .  

A  se i smic  event  generates  body  waves

and  sur face  waves .  Both  are  of  cruc ia l

importance  fo r  the  analys i s  of  a

suspic ious  event .  They  prov ide  essent ia l

in format ion  on  the  locat ion ,  the

st rength  and  the  nature  of  an  event .  

O b j e c t i v e s

SEISMIC  TECHNOLOGY  IS  VERY

EFFICIENT  AT  DETECTING  A  SUSPECTED

NUCLEAR  EXPLOSION  AS  SEISMIC

WAVES  TRAVEL  VERY  FAST  AND  CAN  BE

REGISTERED  WITHIN  SECONDS .



There  are  two  types  of  body  waves

emanat ing  f rom  a  se i smic  event ,  P -

waves  and  S -waves .  P -waves  are  pr imary

or  compress iona l  waves  that  a l ternate ly

compress  and  expand  the  ground  in  the

di rect ion  of  the  wave ’s  propagat ion .

These  waves  can  move  through  any

mater ia l .  

S -waves  are  secondary  or  shear  waves  in

the  ground  that  move  perpendicu lar  to

the  di rect ion  of  the  wave ’s  propagat ion .

S -waves  can  only  move  through  so l ids

as  th i s  k ind  of  movement  i s  imposs ib le

in  l iqu id  or  gaseous  mater ia l s .  

The  az imuths  of  both  P -waves  and  S -

waves  makes  i t  poss ib le  to  ident i f y  the

di rect ion  f rom  which  the  waves  were

emit ted .  Since  the  waves  t rave l  at

d i f fe rent  speeds ,  i t  i s  a lso  poss ib le  

to  determine  the  dis tance  to  the  source

by  measur ing  the  di f fe rent  ar r i va l  t imes

of  the  waves .  

Sur face  waves  t rave l  a long  the  sur face

of  the  Earth ,  are  s lower  than  body

waves  and  tend  to  be  very  dest ruct ive .

Technica l l y ,  sur face  waves  resu l t  f rom

inter fe rence  between  the  two  types  of

body  waves .  Dur ing  analys i s ,  sur face

wave  measurements  help  ident i f y  the

depth  and  magnitude  of  an  event .  

Seismic  monitor ing  i s  s ign i f icant  in

preparat ion  fo r  an  on -s i te  inspect ion

(OSI ) .  The  analys i s  of  se i smic  data

prov ides  the  necessary  in format ion  on

the  locat ion  of  a  suspected

underground  nuclear  explos ion ,  which

is  a  prerequis i te  fo r  the  ident i f icat ion

of  an  inspect ion  area .    

o b j e c t i v e s

SEISMIC  DATA  PROVIDE  INFORMATION

ON  THE  LOCATION  OF  A  SUSPECTED

UNDERGROUND  NUCLEAR  EXPLOSION

AND  HELP  IDENTIFYING  THE  AREA  FOR

AN  ON -SITE  INSPECTION .



b u i l d i n g  t h e  s t a t i o n  

There  i s  a  sequent ia l  four -s tep  process  to

bui ld ing  Internat iona l  Monitor ing  System

( IMS )  s tat ions .  I t  invo lves  s i te  surveys ,

ins ta l la t ion ,  cer t i f i cat ion  and  operat ion .  

F i r s t l y ,  a  s i te  survey  i s  conducted  to  assess

the  su i tab i l i t y  of  the  s i te  to  host  a  s tat ion

and  ident i f y  any  spec i f ic  condi t ions  that

would  impact  s tat ion  des ign .  The  Treaty  l i s t s

the  geographica l  coord inates  fo r  each

stat ion ,  but  only  a  s i te  survey  determines  the

exact  locat ion  of  a  se i smic  s tat ion  and  i t s

e lements .  

Secondly ,  a  s ing le  contractor  i s  se lected  fo r

the  des ign ,  manufacture  and  ins ta l la t ion  of

the  s tat ion .  This  se lect ion  i s  genera l l y

e f fected  through  an  in ternat iona l  tender ing

process .  The  Preparatory  Commiss ion  fo r  the

Comprehens ive  Nuclear -Test -Ban  Treaty

Organizat ion (CTBTO )  prov ides  guidance  fo r

s tat ion  const ruct ion  work  and  rev iews  a l l

aspects  of  the  process  to  ensure  that  i t

meets  a l l  cr i te r ia  so  that  i t  can  be  cer t i f ied

as  a  va l id  s tat ion  with in  the  IMS  network .  

IMS  s tat ions  must  make  cer ta in  that  data

rece ived  at  the  IDC  are  authent ic .  This  i s

ach ieved  through  a  spec ia l  dig i ta l  “s ignature ”

embedded  in  the  data  f low  f rom  each

stat ion .  Tamper -detect ion  dev ices  are  placed

on  enclosures  fo r  se i smic  equipment  to

prec lude  tamper ing  with  the  hardware .  

Thi rd ly ,  the  IMS  s tat ion  must  be  cer t i f ied  to

ensure  that  a l l  of  i t s  equipment ,

in f ras t ructure  and  set t ings  meet  the

technica l  spec i f icat ions  set  by  the  CTBTO

and  that  a l l  data  are  t ransmit ted  to  the

Vienna -based  IDC  through  the  Global

Communicat ion  In f ras t ructure  in  a  t imely

manner .  

Fourth ly ,  once  cer t i f ied ,  operat ion  and

maintenance  agreements  are  establ i shed

between  the  CTBTO  and  a  s tat ion  operator .

Long - te rm  qual i ty  monitor ing  i s  then

undertaken  to  mainta in  the  high  s tandards

of  data  qual i ty ,  data  ava i lab i l i t y  and  s tat ion

per formance .  



s e i s m i c  m o n i t o r i n g  n e two r k s

The  Treaty  ca l l s  fo r  two  global  se i smic

moni tor ing  networks :  a  pr imary  se i smic

network  with  50  s tat ions  and  an

aux i l ia ry  one  with  120  s tat ions .  The

stat ions  of  the  pr imary  se i smic  network

send  data  cont inuous ly  in  rea l  t ime  to

the  IDC  and  wi l l  be  ut i l i zed  most

extens ive ly .  The  aux i l ia ry

se i smicnetwork  of ten  takes  advantage

of  ex is t ing  se i smic  s tat ions  which  are

be ing  upgraded  to  meet  the  IMS

technica l  s tandards .  These  s tat ions  do

not  send  data  in  rea l  t ime  but  upon

request  only .  

There  are  bas ica l l y  two  di f fe rent  types

of  se i smic  s tat ions :  se i smic  ar rays  and

three -component  s tat ions .  About  60%

of  the  pr imary  se i smic  network  wi l l

cons i s t  of  se i smic  ar ray  s tat ions ,  which

are  essent ia l l y  sets  of  nine  to  25

se i smic  sensors  geometr ica l l y  ar ranged

over  a  wide  area .  Most  of  the  s tat ions  in

the  aux i l ia ry  se i smic  network  are  three -

component  s tat ions .  

THERE  ARE  TWO

GLOBAL  SEISMIC

MONITORING

NETWORKS .  THE

PRIMARY  SEISMIC

NETWORK  AND  THE

AUXIL IARY  SEISMIC

NETWORK  



S e i s m i c  a r r ays

Groups  of  ind iv idua l  sensors  deployed

in  a  spec i f ic  geometr ic  pattern  across

an  area  ranging  f rom  a  few  to  severa l

hundred  square  k i lometres  are  ca l led

“se i smic  ar rays ” .  New  se i smic  ar rays

bui l t  by  the  IMS  usual l y  have  a

dis t r ibut ion  diameter  of  three  to  four

k i lometres .  Older  ar ray  s tat ions ,  which

have  been  upgraded  by  the  IMS  and

incorporated  in to  i t s  se i smic  networks ,

may  cover  an  area  of  up  to  500  square

k i lometres .  

Seismic  ar rays  enhance  monitor ing

capabi l i t y  fo r  severa l  reasons .  They

improve  the  s igna l  to  noise  rat io .  This

means  that  i t  i s  eas ie r  to  dis t inguish

the  actua l  s igna l  aga inst  the

background  noise  s ince  i t  i s  f i l te red

out .  Array  s tat ions  a l low  fo r  a  better

est imat ion  of  the  az imuth  of  incoming

s igna ls ,  i .e .  they  ident i f y  the  di rect ion

f rom  which  the  s igna l  ar r i ved .  The

spat ia l  dis t r ibut ion  of  the  sensors  a lso

permits  an  est imat ion  of  the  se i smic

waves ’  speed .  In format ion  on  both  the

di rect ion  and  speed  of  the  incoming

se ismic  waves  i s  cruc ia l  when

ident i f y ing  the  source  of  a  part icu lar

event .  

SEISMIC  ARRAYS

CONSIST  OF

SEVERAL  SEISMIC

SENSORS  THAT  ARE

LAID  OUT  ACROSS  A

LARGE  AREA .  



t h r e e  c o m p o n e n t  s t a t i o n s  

a n d    

s e i s m i c  n o i s e

Three -component  s tat ions  have  one

se ismic  sensor  that  measures  the  three

spat ia l  components  of  the  waves ,  i .e .

up -down ,  East -West  and  North -South .

In  compar i son  with  se i smic  ar ray

stat ions ,  three -component  s tat ions

of ten  have  a  bigger  er ror  margin ,but

are  more  cost -ef fect i ve .  This  type  of

s tat ion  a lso  measures  body  and  sur face

waves ,  thus  prov id ing  in format ion  on

the  depth  and  s t rength  of  an  event .  

Modern  se i smometers  can  detect

ground  movements  as  smal l  as  the  s ize

of  atomic  spac ing  in  a  crys ta l .  However ,

cont inua l  background  v ibrat ions ,

known  as  “se i smic  noise ” ,  of ten  dis tor t

se i smic  s igna ls  and  l imi t  the i r

detect ion .  

Whi le  se i smic  noise  i s  most ly  generated

by  wind  and  ocean  waves ,  vehic le

t ra f f ic  and  indust r ia l  act iv i ty  can  a lso

contr ibute .  In  order  to  el iminate  the

in f luence  of  se i smic  noise ,  se i smic

stat ions  are  usual l y  bui l t  in  remote

areas ,  preferably  on  the  outcrops  of

geolog ica l  hard  rock  and  as  fa r  away  as

poss ib le  f rom  human  act iv i ty .  

THREE -COMPONENT

STATIONS  EMPLOY

ONLY  ONE  SEISMIC

SENSOR  THAT

MEASURES  THE

THREE  SPATIAL

COMPONENTS  OF

SEISMIC  WAVES –

UP -DOWN ,  EAST -

WEST  AND  NORTH -

SOUTH .  



G o t  a ny

Q u e s t i o n s?
 E -MAIL  US  AT  INFO@ARRELIC .COM  

Arrelic is a fast-growing deep-tech firm aiming to bring the next level of IoT based sensor technology to transform the
mode of manufacturing operation and maintenance practice of various industries with extensive expertise in Reliability
Engineering, Predictive Maintenance, Industrial Internet of Things (IIoT) Sensors, Machine Learning and Artificial
Intelligence. We provide a single ecosystem for catering all industry needs from Consulting to IoT and Analytics as well
as providing Training and Development courses for different stakeholders. We aim to help manufacturing industries to
improve their overall plant productivity, reliability and minimize total production cost by 25-30% by eliminating machine
downtime, lightening management decisions by analysing the machine data with right mind and expertise; for a worry
free operation.
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