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DEVELOPMENT OF MONGOLIAN SEISMIC NETWORK
AND INTERNATIONAL MONITORING SYSTEM STATIONS

M. Bazargur, B. Jargalsaikhan, U. Manduul
Institute of Astronomy and Geophysics, Ulaanbaatar, Mongolia

First seismic station of Mongolia installed in 1957 with assistance from the Soviet Union and it was using photo paper
for recording seismic data. Since the first station installation time, Mongolian seismic network expanded with a number
of the seismic stations and developed the technological improvement. Institute of Astronomy and Geophysics (IAG)
operates four types of IMS stations including seismic, infrasound, radionuclide and noble gas stations (PS25, 1S34,
MNP45, and MNX45) now. Mongolian National Data Centre (MNDC) receives seismic and infrasound data including
IMS data using different communication technologies in real and near real-time from stations all around Mongolia
including IMS stations. Current status of the CTBTO IMS stations in Mongolia and some radionuclide analysis results of

the Mongolian IMS noble gas station (MNX45) will be presented.

HISTORICAL BACKGROUND OF THE SEISMIC

STATIONS

Mongolia is situated in a seismically-active region
due to its situation between the Indian sub-continent and
Eurasia. Several strong earthquakes have been registered
in Mongolia over the last century. It is showing that
earthquake activity is much in Mongolia. First seismic
station installed on 6 July 1957 at Ulaanbaatar city with
assistance from the Soviet Union equipped with 3 com-
ponents short period SKM-3 (2 sec) and 3 components
long period SK (12 sec) seismometers. This station
records ground motion on the photo paper using light and
data analysis was performed by using photo image
method. From 1959 until 1988 eight photo paper stations
installed in the countryside area of Mongolia (Table 1).
These stations equipped with 3 components short period
SKM-3 seismometers.

Table 1. Installation of the 3 component short period
Photo paper stations in Mongolia (1957-1988)

Installation date Station code Province/ City or Town
June 1959 altai Gobi-Altai Altai
May 1964 Ccg Arkhangai Tsetserleg
October 1964 Tsc Zavkhan Tosontsengel
July 1965 Hbd Khovd Khovd
June 1969 dzd Umnu-Gobi Dalanzadgad
November 1973 blg Bulgan Bulgan
November 1975 htg Khuvsgul Khatgal
August 1987 ulg Uvs Ulaangom
August 1988 ban Bayan-Ulgii Ulgii

Seismometer and recorder of these stations were
located dark room (without light). Every 8 hours
operators change photo paper and make time notes using
line radio broadcast (Picture 1).

All photo station’s seismogram transported to
Research Centre of Astronomy and Geophysics (old
name of the current institute) from regional stations after
14 days and starts to analysis.

IMPROVEMENT OF THE REGIONAL STATIONS

IAG needs to develop countryside photo paper
stations to digital seismic stations because photo paper
resource was decreased. Therefore since 2005 to 2007
technical research work performed on the countryside
stations and installed 3 short period component digital
stations in 8 provinces. All countryside stations equipped
with L-4-3D short period seismometers and AORAI
digitizers (Picture 2).

Picture 1. General view of the photo-paper electric
magnetic ground motion recorder
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Picture 3. General view of the Automatic seismic stations installed in Mongolia

Then countryside operators started to analyze own
digital station data using ONY X software. From 2010 to
2011 all regional station’s instruments were swapped
with BroadBand Guralp-3ESPC with Guralp digitizer.
In 2014 countryside seismic network expands with 3
stations in Selenge, Dundgobi and Bayankhongor
province.

From 2016 to 2017 we installed four automatic
seismic stations that equipped with Guralp 6TD
instrument. Automatic stations transmit data using 3G
internet modem (Picture 3).

Regional seismic stations installed far (2-3 km) from
town in last century. But a population of the town
increased and the seismic station became one part of the

town. Then background noise increased since first
installation and seismic stations need to move far from
the town. Then we moved seismic stations 15-20 km
distance from 2008 to 2018 to decrease seismic noise
(Picture 4).

Now countryside station network [1] consists of 12
stations and all stations equipped with Guralp
seismometers (CMG-3ESP or Guralp 6TD). In 2013
8 strong moation seismic stations were built in regional
stations. 5 seismic mini area are working in Mongolia.
8 strong motion stations are working with regional
stations. In 2015 all regional stations were connected by
fiber optic cable with 1IMB/s data rate (Picture 5).
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Picture 4. Seismic noise figures before and after sensor location changes of the BANM station
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Picture 5. Location of the Mongolian seismic stations

In 2004 AFTAC installed ALMAR seismic network
in Taishir of the Gobi-Altai province and ERMAR
seismic network in Erdene of the DornoGobi province.
Then AFTAC installed DOMAR network in 2008 at
Khulenbuir of the Dornod province. These 3 seismic
network consists of 10 elements and seismometer of
these stations installed deep position between 30 to 60
meters deep. These stations are with very low noise and
IAG receives data after 7 to 11 seconds from stations
using satellite communication.

EARTHQUAKE EARLY WARNING SYSTEM

3 seismic crack area located from 170 to 300 km far
from Ulaanbaatar. In 2012-2014 request of the
Mongolian Government, built Earthquake Early Warning
(EEW) system equipped with 12 accelerometers installed
in 3 seismic crack area Mogod, Tsagaannuur, and Deren
(Picture 6). EEW system started operational in January
2015.

Earthquake Early warning system stations send data
to IAG using satellite communication. If the magnitude
is high than seven earthquake occurs in those places,

EEW system sends alarms to Ulaanbaatar before an
earthquake hits the city:84 seconds for Mogod, 46
seconds for Deren and 80 seconds for Tsagaannuur.

ULAANBAATAR GEOPHYSICAL STATIONS

Brief history:

« On 6 July 1957, the first seismic station
“Ulaanbaatar” was installed.

» First digital seismic station ULN installed in
Mongolia 1994 by USGS of the United States. It was
equipped with the capability to amplify 0.1-360 s period
seismometer STS1, high-frequency seismometer GS-13,
and accelerometer FBA-23. Installation location was
Observatory at Khureltogoot.

« From 1994 to 1997 Department Analyse
Surveillance Environment (DASE) of France installed 6
stations in Tuv province. These stations transmit data
using radio transmission. 5 station was equipped with
vertical component short period ZM500 (1 sec)
seismometer and one station equipped with 3 component
short and long period LPZ&H12 (12 sec) seismometers.
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Picture 6. Locations of the Earthquake Early warning system stations
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Picture 7. Geophysical stations near Ulaanbaatar

e 2000 — CTBTO IMS PS25 mini seismic area
installed. /9 elements have vertical SP ZM500 (1 sec)
seismometer and 1 element has 3 component short and
long period LPZ&H12 (12 sec) seismometers.

» 2006 — Built-up Mongolian National Data Center
(MNDC).

+ 2013 - Ulaanbaatar Monitoring Geophysical
stations were installed around UB /Guralp CMG-3ESPC
CMG-DM24S3EAM, Upgraded ULN station.

The Institute of Astronomy and Geophysics (IAG)
has been built a real-time and seismic and geophysical

observation network (The Network of capital
Ulaanbaatar area) in 2012 and keep improving its
performance. From 2012 to 2014 near Ulaanbaatar city
installed seismic broadband 16 stations, 5 GPS stations
for measuring plate motion, 5 tiltmeter stations, and 3
magnetometer stations for research seismic activity of the
Ulaanbaatar area (Picture 7).

Since the installation of this network, we have been
monitoring persistently their characteristics and noise
level and data availability. The purpose of this station
network is to monitor seismic activity near Ulaanbaatar
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region, its vicinity area and establish an earthquake
forecasting system on the preliminary basis. We installed
8 radon stations with assistance from the DASE. We have
14 mobile seismic stations for deep research for
interesting area. These mobile stations equipped with
REFTEK-130B/S digitizer and Guralp CMG-3ESPC
seismometer.

In 2006, RCAG & DASE teams built Mongolian
National Data Centre (MNDC). It was received data from
8 infrasound, 11 seismic stations and 4 mini array seismic
stations all around Mongolia including IMS stations.
Then the MNDC started to produce routinely seismic
bulletins on a monthly and yearly basis.

Today, the Mongolian seismic networks are
widespread over 15 sites (Ulaanbaatar region is consi-
dered here as one site) that have, all together, 87 high
sensibility digital seismic stations. All station data are
transmitted in near real-time to the MNDC. At the
MNDC integrates waveforms into a database and the
waveform data analysis performs. We monitor the
station’s data quality using PQLX.

CTBTO IMS STATIONS IN MONGOLIA

IAG operates 4 kinds of IMS stations: Primary
seismic (PS25), Infrasound (I34MN), Radionuclide
(MNP45) and Noble gas (MNX45) stations. IMS stations
in Mongolia is a very important part for the Mongolian

NDC. The 1S34 network consists of 8 infrasound stations
equipped with MB2000 micro barometers (acoustic
pressure sensors) — Table 2.

The 1S34 network (Picture 8) to detect very low-
frequency sound waves in the atmosphere produced by
natural and man-made events. The PS25 network consists
of 9 elements equipped with vertical short period
(2 seconds) seismometer and 1 element equipped with
short period (2 seconds) 3 component and long period
(12 seconds) 3 component LPZ and LPH12 seismome-
ters. PS25 seismic area detects and locates seismic
events. PS25 seismic mini array station is one of 50
primary CTBTO stations, which send its data in real-time
to the International Data Centre (IDC) in Vienna.

The radionuclide MNP45 station uses air samplers to
detect radioactive particles released from atmospheric
explosions or vented from underground and underwater
explosions. The relative abundance of different radio-
nuclides in air samples can distinguish between materials
produced by a nuclear reactor and a nuclear explosion.
MNX45 station detects radioactivity of the noble gas
released from atmospheric explosions or vented from
underground and underwater explosions. MNX45 station
samples air 24/7and collects the xenon every day. Every-
day MNX45 station performs radioactivity measurement
for the collected sample using a gamma spectrometer.

Table 2. IMS stations of Mongolia

Installed year Treaty Code Technology info Certification

1998 [34MN Infrasound network

Certified on 19 December 2002

2000 PS25 Primary seismic station mini area Certified on 5 December 2003
2002 MNP45 MNP45 (Radio Nuclide, Particulate Station) Certified on 26 May 2003
2006 MNX45 MNX45 SPALAX (Noble Gas Analysis Station) Certified in 2013

( PS25 mini area

/" WNPd5saton /7 MNXeSstaon )

Picture 8. General view of the IMS stations of Mongolia
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Picture 9. Xenon detection of MNX45 station from 9/10/2016 to 9/30/2016

RADIONUCLIDE ANALYSIS RESULTS OF

THE MINX45 STATION

We use openspectra software for MNX45 data
analysis and ATM calculated by webgrape for the all
DPRK events [2] (Picture 9).

In September 2016, the wind direction was from west
to east, then Mongolian IMS RN station detection
possibility was decreased. During DPRK2016 and
DPRK2013 events wind directions were directed from
west to east in the ATM, then nuclear explosion
radioactivity detection capabilities decreased for the

SUMMARY

All stations data collects to Mongolian National Data
Centre (MNDC). MNDC receives 1242 MB data every
day and MNDC equipped with nonstop electrical power
supply using UPS and electrical generator. In order to
detect in all station capacity, well data interpretation,
analysis of seismic source parameters (time, location,
depth, magnitude), necessary to have good seismic
stations and as well as to use some related geophysical
instruments. In future MNDC will completely perform
waveform data analysis on Linux operating system

MNX45 and MNP45 stations. software.
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MOHFOJIMSHBIH, CENCMUKAJIBIK JKEJICIH )KOHE XAJBIKAPAJIBIK
MOHMTOPHUHT )KYWECIHIH CTAHIIUSJIAPBIH JAMBITY

M. Bazapryp, b. I:kaprancaiixan, Y. Manayya
Acmponomus xneane zeopuszuxa uncmumymst, Ynau-bamop, Monzonusn

MoOHFOIHSHBIH OipiHIII CeHCMHUKANBIK cTaHIHSICH 1957 xputkl KeHec OnarbIHBEIH KOMETIMEH OpPHATBUIFAH JKOHE OHIA
CeMCMUKAJIBIK JIepeKTepai Tipkey YIIiH ¢oToKkara3 maiaanaHsurrad. Coll Ke3eH Oacral MOHFOJIMSIHBIH CEHCMUKAIIBIK
KeJici OipHele ceHCMUKaIIBIK CTaHIMsUIapFa KEHEeH/ Il )KoHe TeXHOJIOTHSUIBIK JKaKcapTyyap a3ipienai. Kasipri yakpirra
AcTpoHOMUS koHE reodusuka MHCTUTYTHI (AI'M) ceficMukanblk, MHQPaIBIOBICTHIK, PaJHOHYKIHUATIK >KoHE Oek3ar
razgap (PS25, 1S34, MNP45, xone MNX45) crannmsuiapsiH Koca anFaHia, XMJXK cTaHIUSIapbIHBIH TOPT TYPiH
Oackapaapl. MOHFONMSHBIH YITTHIK Jepekrep oprtanbirbl (MY¥JIO) XMXK koca amranna, MOHFOJHMSHBIH OYKiI
CTaHUMSJIAPbIHAH HAaKThl YAKbIT JKOHE HAKThl YaKbITKA JKYBIK YaKbIT PEKHMIHAE OPTYPIl KOMMYHHKAIMSIIBIK
TEeXHOJIOTHSUIApAsl Maimanana oTeIpell XMC gepekTepiH Koca aiFaHIa, CEHCMHUKANBIK XOHE HH(PAIBIOBICTHIK
nepekTepai kKaOwimmaiael. Makanana Monronusgarsl SACKTINY XMX craHumsuiapblHBIH aFbIMIAFBl aXyallbl KOHE
XMX monronusiHBIH Oek3aT razfgap craHuuschiHBIH (MNX45) paanoHYKIMATI TalgaybHBIH KeHOip HoTXenepi
KOPCETUITEH.
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PA3BUTHE MOHI'OJIbCKOM CEHCMHWYECKOMN CETH U CTAHIIUI
MEXIYHAPOJHON CUCTEMbI MOHUTOPHUHT A

Bazapryp M., Ixapraicaiixan b., Manayya Y.
Hncmumym acmponomuu u zeogpusuxu, Ynan-bamop, Monzonusa

[epBas ceficmmyeckas ctaHIyst Monronnu Oblta yctaHoBieHa B 1957 roxay npu momoru CoBetckoro Coro3a, U B Helt
UCTIONB30BaNach (oTodymara AJsl PErHCTpanuyi CeHCMHUIECKNX JaHHBIX. C TeX Mop, MOHTOJIbCKasl CEHCMUYECKasi CETh
pacuMpuiIach psSaoM CEHCMHYECKUX CTaHIMH M Ul Hee pa3pa0doTaHbl TEXHOJOTHYECKHE yNydnieHus. B Hacrosiiee
Bpemsi MuctuTyT actpoHomun u reodusuku (MAID') ynpasnser uetbippms Tunamu cranuniit MCM, BKIlodasi CTaHIUH
ceiicMuyeckre, MH(QPa3BYKOBBIE, PaIMOHYKIUIHbIE W Onaropomseix razoB (PS25, IS34, MNP45, u MNX45).
MOHTOIbCKHUY HAITMOHANBHBIN 1IeHTp naHHbIX (MHIJ]) npuauMaet ceficMuyeckie 1 HHPPa3BYKOBBIC JaHHBIC, BKITIOYAs
nanasie MCM, ucrosb3yst pa3IuyHble KOMMYHUKAIIMOHHBIE TEXHOJIIOTHH B PEKUME PEATBHOTO U OJIM3KO K pealbHOMY
BPEMEHH CO CTaHIUI 1o Bceid MoHromuwn, Britrodas ctannnd MCM. B craThe mpeacTaBieH TEKyIIUi CTaTyCc CTaHITHI
MCM O/IB341 B MoHromun M HEKOTOPHIE pe3yibTaThl PAaTUOHYKINAHOTO aHAIW3a C MOHTOJBCKOW CTaHIIUU
6maropomHeIx ra3oB MCM (MNX45).
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