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Development of a new precise positioning technique using multi-GNSS signals
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Vertical Deformation Detected by Precise Leveling around Tono Research Institute of
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Introduction

Precise leveling network was established in the west part of Mizunami in March 2004, as a part of projects of Tono Researcl
Institute of Earthquake Science (TRIES), to research the underground water flow, strain accumulation, ground deformation an
gravities changes and their relations in shallow crust. Around TRIES, Japan Atomic Energy Agency (JAEA) has started the
1,000m shaft excavation project in April 2004. Precise levelings are carrying out once or twice every year until October 2012.
Leveling route is about 10 km length with 10 benchmarks in 2004 and 50 in 2012. Closer errors of leveling are less than about
mm.

Vertical deformation

During the survey period of 8 years and 8 months from February 2004 to October 2012, subsidence is distinguished, and th
maximum reached about 2 cm in October 2012. Generally, benchmarks detected 1-2 cm subsidences are locating close to t
shaft excavation site and on its south side area. As it is referred a 2km away benchmark, the subsidence of 2 cm supports grou
tilt of 10 micro-radian. It is suggested that it is not the slant quantity of influence upon the building now.

Groundwater level

Groundwater levels are monitored in observation wells of TRIES and JAEA, located at 100 m or 300 m south from the shaft
excavation site. Drawdown of water head amounting to 70 m was detected in December 2010. When shaft reached at 120
depth, the groundwater inflow due to the shaft excavation suddenly increased to 300 ton/day. The groundwater level decreas
approximately by 30m at the same time. The groundwater level was almost recovered to its level of before the shaft excavatio
when drainage was temporarily stopped in June 2005, but it decreased by resume of drainage again. After the shaft reached
500m depth, the quantity of groundwater inflow is ranging around 700 ton/day. The groundwater risings due to the occurrence
of the earthquake are observed. 13 m and 3 m rises were observed by 2011 M 9.0 Tohoku earthquake and in M 5.7 Mizunan
earthquake on December 14, 2011.The groundwater level is descending after the earthquakes slowly.

Subsidence and ground water drawdown

The groundwater level decreased with rates of 10-30 m/year for the period in June 2005 to June 2007, and subsidence wi
rates up to 2-5 mm/yr was observed at the benchmarks locating close to the shaft excavation site and on its south side area.
the other hand, the observed subsidence is relaxed, when a groundwater drawdown is decreasing to less than 10 m/yr. After t
co-seismic groundwater rises observed in March and December 2011, additionally, slight uplifts were observed in February 201
The maximum subsidence was observed at the benchmarks in the south side of the shaft excavation site, not at the benchma
close to the shaft excavation site.

On the south side of the shaft excavation site, 160,000hsoil was cut and covered according to the construction of a park
in 2004. Therefor it is considered that the influence of the construction is included in observed ground deformation in a part. The
deformation by the construction should be discussed precisely in the next subjects.

Distribution and mechanism of subsidence

Distribution of subsidence is the important information to consider its mechanism. However, it is not able to clarify its spatial
distribution of the subsidence yet, because benchmarks are limited to the shaft excavation point neighborhood. Authors set L
benchmarks to the neighboring area newly in 2012 to clarify distribution of the subsidence more precisely.

goooo:0boo,0b0bobooo,oo0bbooo
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Evaluation of domestic VLBI observation using simulation

oo oot
Kazuhiro Takashimg

!DpoooOoOoOoOoo
LGeospatial Information Authority of Japan

good

go0o0ooooO00ooooOoOooooO0ooooOoUooDooOooovLBIDDODOOOODODOGPSIOODOOOO
Oo000o0oDOoo0o00oDoo000ob0D M4000ooooOoooD 2000 0000O0OOOoO0OoOoooOoOoOovLeEBl
OO00000D000019970 10 100000000000DO0O0C GEONETOOOODDODODOOOOODOODOD
booooooobobooooooboboboooooooobOobobooooooobOobobooooooboOon
booooooooboooooboobooboboboboboooooooooobOobobobobooboooboooon
0000000000000 000PatchIGDO 0000000000000 0O0O0O0O0O0ODODO0O0O00O0O0DOMIO0OO
ooo0oopoooo0o0o0ooooo0o0oOoOoobo 23030000 oooDoo0UoOoooooUooobDOoOOoooDD
000 201000 2011/5/20 00 0000000000000 000COOOO0O0O0OOOOOOOODUOODOOOO
coooooOoooo0o0ooooOoOoooOoO0oooOoboOoOoDbDOoOoOooOOO0O0bDOOoOoOoDboOoooveBl O GPSOO
ubooboboooboobooooboooooboobobooobooboon

ooovLBlOOOOOOOOvLBIOOOIVSOOOOOOODOOOOOOO0O0O0VvVLBIOOOOOOOOVLBI2010O
goodooooo0ogooogooooooooooOogg yveBI2o100000gooooooobooooOogoooooo
cooOooOobooOoOoooooooovBIDOOOOOOoOoOOODOOOOOOOOODOOOOOOOoOoOoveBI2010
obooooooobobobooooooooobobobooooooobooboboOooooooobobobooon
uboooboooobooboooobooooobooboooon

VLBl 0000000000000

vViBl OOOODOoOooOOoOooooooooboooboobooboooooooooooboobooboooooooo
obooooooobOobobooooooooooobooooooooboboboboooboboooooooooboOooDo
ooooovieeBlzoloooooOoOooooDOOOoO0OoOoOooOOOOo0OOoOoOoooDObOOoOoVvLBIOODOOOOODOO
boocoooboboboooobooboobobobooooooobooboboooooobOoboboobooooobon
gooooooooomo0ooooo0oooooo@ooooooo0oooOoUooooDOooo 3oopoooo
covlBlIOOODOOOODOOOOODO 3Z2mOOOoOoOoOoOoOOoOoOooOveBI20100000000000DOO0OO0OO
13mO0O000 20000000000000

VLBl 0000000000

VLBl OOOOOOOOOO0O0OoOooOvLBI2010000 VLBIOOOODOOOOOOOOOOOOOOOOO0OO00O0O
0000000000000 00000000O00000000000ODO0O00VLBIOOODODOOOOOVievsSOOO
oo00000O0vVieSMOOOOOOOOODOOOOOODOOOOOOOODODODODOOOOOOOODODOOOoOoOoOOO
VLBl OOOOOOOOOMarkllOOOOOODNGSOOOOOOOUOOoUooooooooooooooooooooo
go0oO0O0OvwLBlIOOOOOOOOOOOOOOOOOOOOOOOoOoOOooOvievSOOOOOOOOooooooooo
ubooobooooboobooood

gboboboooooooooboobooboooboboboboboobpoooobobobobobobobo
Ooo0oooOooOoOooooooOoooDOooO0oooONetCODRROOOO0OOODODOOOODODOOOOOOOD
oono

oono

ooooooovwBlOOoOoooooooooooDOvwBlIOOODODDODOOOOOoOoooOooOooOoooooooooo
googoboobooobooboobooboboobooboobooboboboboobuooboobbooboboobOao
goooooooooboboboooboooooooo veBlOooooooooooooobooboobobooooo
oooooo

oo
0000000000000 0000O0 VLBIOOOOOOOOO VievSO http://ivievs.hg.tuwien.ac.a/0 00000
ooooooboooobooboooboog

1/2



Japan Geoscience Union Meeting 2013 0/0)

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. Jg;’;sgime

Union

SGD21-10 0 0:301B 00:50 230 11:30-11:45

00000:000000,000000000,00000000,00VLBIOO,00VLBIOO,00000
Keywords: VLBI, VieVS, simulation, VLBI2010, NetCDF, IVS

2/2



Japan Geoscience Union Meeting 2013 1 ,

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]gg{;‘sgiem

Union

SGD21-11 0 0:301B 00:50 230 11:45-12:00

OO0 ecmOO000D000O0 (LARESO0ODO STARLETTE)OOOUOOODOOOOO
Optical responses and centre-of-mass corrections for the sub-cm laser ranging targe
LARES and Starlette

00 00 ', Robert A Sherwoot Graham M Appleb¥
Toshimichi Otsubt*, SHERWOOD, Robert A, APPLEBY, Graham M

10000, 2NERC Satellite Geodesy Facility
IHitotsubashi University?’NERC Satellite Geodesy Facility

LARESOOO0O0O STARLETTED O OO OOODODODO "Satellite SignatureD 0000000000 DOOOOO0OO
O00o000DOoO00 LAGEOCSOODOOooooooooooooooooooooooooooooooooboooo
Otsubo and Appleby (2003, JGR)O 00000000 5ecmiO0 1ecmO0OO0O0O0OOOOOOOOOOOOOOOO
ubbooooboobobooooooobooboboboooooooobooboboooooOoboooboOobOoboooooon
O000DDODODO0O000000D0D00 HerstmonceuxX OOOODODODODODOLARESO OO 1287135 mnid STARLETTE
cog7082mmbi0000000000DOOOOO00O000O0DOOOOO0OOO0OODOOOODO STARLETTED O
ooooooooooooooooooo7smmi00oOoOoO0OoOoOOOOO0ODOOODODODOOOODOOOOODO
oooooooo Gmyooooooooooo

gogoobo:oboo,oboboobod
Keywords: space geodesy, satellite laser ranging

1/1



Japan Geoscience Union Meeting 2013 0 ® ,’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

SGD21-12 0 0:301B 00:50 230 12:00-12:15

Spin parameters of LARES spectrally determined from Satellite Laser Ranging data
Spin parameters of LARES spectrally determined from Satellite Laser Ranging data

Daniel Kucharski*, Toshimichi Otsub®, Hyung-Chul Lim
Daniel Kucharski*, Toshimichi Otsub®, Hyung-Chul Lim'

IKorea Astronomy and Space Science Institéikifotsubashi University, Tokyo
IKorea Astronomy and Space Science Institéikifotsubashi University, Tokyo

Satellite Laser Ranging (SLR) is a powerful technique able to measure spin rate and spin axis orientation of the fully passive
geodetic satellites. This work presents results of the spin determination of LARES - a new satellite for testing General Relativity.
SLR passes measured during one year from the launch were spectrally analyzed. Our results indicate that the initial spin frequen
of LARES is f0=86.906 mHz (RMS=0.539 mHz). A new method for spin axis determination, developed for this analysis, gives
orientation of the axis at RA=12h22m48s (RMS=49m), Dec=-70.40 (RMS=5.20) (J2000.0 celestial reference frame), and the
clockwise (CW) spin direction. The half-life period of the satellite’s spin is 214.924 days and indicates fast slowing down of the

spacecraft.

LARES has been placed on a similar orbit to Ajisai, but demonstrates different spin dynamics. The spin behavior of the two

geodetic satellites Ajisai and LARES will be compared in this presentation.

000 00: LARES, Satellite Laser Ranging, Spin
Keywords: LARES, Satellite Laser Ranging, Spin
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