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Fig.lOOOooooooooo
City boundaries on Noto Peninsula
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Table 10 0000000000000 DOODOODOOO
Summary of damage to agricultural facilities during the Noto Hanto Earthquake in 2007

ooo O00000mMhaD | OOO 0ooo ooo 0ooo0 (0000|0000 |0000 (0000 (0000 | 000 ooo
0o oao 149 21.66 50 3 91 8 0 3 0 2 0 91 6
Oooao 3 0.2 9 1 2 1 0 1 0 0 0 3 1
Oooao 10 14 10 0 21 0 1 0 0 2 0 3 1
o oao 5 0.19 3 1 5 0 0 2 0 0 0 11 0
0o oao 14 15 14 1 13 3 0 4 1 0 15 23 2
ooood 0 0 0 0 0 3 0 0 0 0 0 0 0
Oooao 0 0 0 0 7 5 0 0 0 0 0 5 0
o oao 17 1.75 4 3 26 5 0 9 0 0 6 13 1
0o oo 0 0 0 1 0 0 0 0 0 0 0 0 0
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Locations investigated by NIRE after the 2007 Noto Hanto Earthquake disaster
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Fig30Oooooooooo
City boundaries within Niigata Prefecture

Table 2000 0D0O0DO0O0DO0O0O0ODOODOOODOODOODOOO
Summary of damage to agricultural facilities during the Niigataken Chuetu-oki Earthquake in 2007

ooo 00000mMhal | OOO ooo ooo o000 (0000|0000 (0000 | 000 ooo
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Locations investigated by NIRE after the 2007 Niigataken Chuetsu-oki Earthquake disaster
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Number of instances of damage to farmland and agricultural
facilities for natural disaster events in Japan since 1995
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disaster events in Japan since 1995
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projects
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Disaster response to the Noto Hanto Earthquake in 2007 and
the Niigataken Chuetsu-oki Earthquake in 2007 by
the National Institute for Rural Engineering and enhancement
of technical assistance provided for earthquake
disaster countermeasures

KOBAYASHI Hiroyasu

Summary

The Noto Hanto Earthquake occurred on 25 March 2007 and the Niigataken Chuetsu-oki Earthquake occurred on
16 July 2007. These huge earthquakes caused extensive damage to irrigation infrastructure and farmland. The
National Institute for Rural Engineering (NIRE) is the designated public corporation for disaster management
according to the Disaster Countermeasures Basic Act. In response to requests from relevant authorities, NIRE
dispatched technical assistance teams to the stricken areas to give technical advice to ensure that prompt
countermeasures were taken. NIRE dispatched a total of 35 staff to Ishikawa and Niigata prefectures. NIRE will
continue to carry out research on effective earthquake disaster countermeasures, utilizing both hardware and
software in order to reduce earthquake risks for rural societies.

Keywords : Disaster Countermeasures Basic Act, designated public corporation
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Damage to small Earth Dam due to
The Noto Hanto Earthquake in 2007

MOHRI Yoshiyuki, HORI Toshikazu, ARIYOSHI Mitsuru, HAYASHIDA Yoichi and TANI Shigeru

Summary

A number of small earth dams in Ishikawa Prefecture were damaged by the Noto Hanto Earthquake in 2007. The
National Institute for Rural Engineering (NIRE) inspected the dams to assess the damage, implement emergency
countermeasures to prevent further damage. The investigation by NIRE confirmed that there was some damage to
small earth dams, including slip failure of dikes and damage to pipes running through embankments.

Keywords : earthquake, small earth dams, slip failure, seepage, crack
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Damage of Seawall Structure by
The Noto Hanto Earthquake in 2007

MOHRI Yoshiyuki, HORI Toshikazu, ARIYOSHI Mitsuru and HAYASHIDA Yoichi

Summary

A number of seawall structures around Nanao city in Ishikawa prefecture were damaged due to the Noto
Earthquake in 2007. The damages were summarized as follows: Large settlement of seawall and back fill foundation
due to liquefaction, wash out of back fill sand through open joint of seawall. It is thought that these damages were
caused by liquefaction and settlement of backfilled sand of seawall structure.

Keywords : earthquake, seawall, liquefaction
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Map of the Inafune area showing cracks developed during the
earthquake and the location of the surface-wave exploration survey
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Fig30(a)0ODOD0O0OOD0D0O0O0OOD0OOOO
Emergency countermeasures at a crack site in the Inafune area
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Steep cliff at a disaster site in the Inafune area
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Head area of a landslide at the Wajima Business High School
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Upheaval in the toe area of the landslide at the Wajima
Business High School
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Index map of the Futamata area
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() JOOODODODUDOOODODODOODODOOOO
Crack in the head area of the J landslide block and monitoring
equipment

Fig70OOoOoOoOOoOoOO
Opened joint of a drainage canal

Fig.80]O00OOO0OOOOOO0O
Crack along the right side of the J landslide block



go0oooooOooOo0oO0ooOoO0OOOoobzo7O00000D0O0O0OOOO0OOOOOOOOOO 37

gobooooooobooobooooooooooboooo
gboooooogo

gvoooooooooooobooooooooooo
gboboooooooboboboboooboobogon
gbooooooooboboboboooboobogon
ooooo

0000000oOo0oOo0DOoO00DOFg70

gboboooooboobobobooobooog
gbobobobooobooboobooboboboooo
oo00oooooO0o0100300o0ooopooooon
00D0O0CO0O00O00DOCO0DOOO0OOOOdeFigs.9,
1o o0o0Oobo0oobOOo0oooooobooooOooog
goboooobooooooooooboobooooboosgo
gobooooooboooobooooooooooboooo
goboboboboooooooooboobobooobooo
gbobobooooooobooobooboboboobooo
gboboboboooboobobooboboboobooo
gbobobooooboobooboobobobooboo

ooo0oooooOOoOoOoooooOoOooooceceboOo
gboboobooobooboobobobobooooog
goooooooobooooboobobbbbbboboooobog
gboboobooooboobooboboboboooooog
gbobooooboobooboboboboooooboo
ooo

gbobobooooooooboboobooo

oooboooobooooooooooo ismooogo
odosmbidoooooooooboooooooogo
00000000000 OOFigs.11,12M00000
gboboboooobooboobobobobooooog
gboboboooboobooboboboboooooo
gbobooooboobooboboboboooooboo
goooboooooboobooooooooboooooogoo
gboboboooboooboobobobobooooog
gbobobooooboobooboboboboooooog
0000000 ™Fgl13ooooooooooo
gbobooooooboobooboobo

Figou3dUoOoouooooooouoooo
Drainage borehole for the No.3 collecting well (drainage of
water stopped after the earthquake)

Fig.1l1lDOOOOOoOOoOoOooooooo
Emergency countermeasures for cracks at the crown area of
the slope failure

Fig.l001000O0O0O0OO0D0O0O0OO0O0O0O0ooOo
Drainage borehole for the No.1 collecting well (drainage of
water stopped after the earthquake)

Fig.120 00000000
Close-up of a crack



38 goooooooooo

208 O 11 20080

Fig 130 00o0o0oooooooooon
Landslide on a levee slope
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Landslides caused by the Noto Hanto Earthquake in 2007
and urgent investigation method

NAKAZATO Hiroomi, INOUE Keisuke and UNNO Toshiyasu

Summary

The large-scale landslide caused by the Mid Niigata Prefecture Earthquake in 2004 was not reactivated to any
major extent by the Noto Hanto Earthquake in 2007. However, there were small-scale landslides and slope failures on
the slopes backing areas of housing and in the farmlands of mountainous regions. We surveyed the affected areas at
the request of the Administration Bureau, and advised on investigation methods and implementation of
countermeasures. The effect of the earthquake was not catastrophic in these districts because appropriate measures
were taken.

We examined the effectiveness of 2-D surface-wave exploration as an urgent investigation method over the
widespread disaster area. Using this method, we were able to determine the strength of ground to a depth of 15-20m
by employing several engineers using portable devices. The survey results showed the distribution of the landslide
colluvium and identifird areas of structural weakness. We concluded that this method is effective for the selection of
investigatory borehole sites and for examination of the range of countermeasure.

Keywords : the Noto Hanto Earthquake in 2007, slope disaster, landslide, urgent investigation, 2-D surface-wave
exploration method
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Fig. 80 000000 uopoooooog Fig. 110 0000000000000 00DOOO00
View of the right bank of the Togi River at the head work location Inclination of covering work at the head work
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View of the left bank of the Togi River at the head work location oo
Projection of concrete blocks used for slope protection at the head work
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View of the bridge abutment at the head work View of a sand dune on the right bank of the Togi River
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Fig. 140 0000000000000 00DOO0O000O0O0O0OO
Schematic diagram of the damaged protection work at the head work
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View of the head work immediately after the earthquake
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Fig. 170 000 00000000DOOOO
Damages to protection work at the time of investigation
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Ground condition on the slope behind protection work
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Schematic diagram of the head race for a pump facility in the Yahata area
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Test results of a Swedish weight-sounding test near the Yahata

head race
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goooooood Settlement and inclination of a concrete pile
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goooooood Blockage of a head race at a curved section
Damage to a head race before temporary recovery
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Fig.240 00 0000000000000 OOOOO
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Lateral movement of backfill

Fig. 2500000000
A damaged concrete panel

Fig.260 000000000000
A damaged concrete pile
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Water flowing over a submerged section of a canal
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Seepage at the toe of a canal bank (section A)
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Locations of portable dynamic cone penetration tests and estimated thickness of sand layer at section A
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Opening between a building and the ground
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Schematic diagrams of the damaged section of the Minamigata irrigation canal.
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Opening of a joint between concrete flumes
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Repair of an opened joint between concrete flumes
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Deformation of main canal
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Deformation of a channel at the toe of a bank in Otigata
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Fig.e20 00000000
View of the damaged canal

208 O 11 20080

= _‘
Fig.e4dD OO UODODOOODOOODOOODOO
00000000000 bO0o0o0o0oOoOooobooooao
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Field Survey of Concrete Irrigation and Drainage Structures Damaged
by the Noto Hanto Earthquake in 2007

HAYASHIDA Yoichi, MASUKAWA Susumu and ARIYOSHI Mituru

Summary

Despite the high magnitude of the Noto Hanto Earthquake in 2007 (M 6.9, 25 March 2007), concrete facilities used
for irrigation and drainage, such as canals, were not extensively damaged. There was, however, some damage to
concrete structures in areas of sand dunes and on reclaimed land. At the request of the Ministry of Agriculture,
Forestry and Fisheries we surveyed five irrigation facilities damaged by the earthquake to investigate seismic-
resistance technology for concrete structures such as canals, and to provide advice to local residents affected by the
earthquake. Damage at each of the surveyed facilities was not very serious, and by the time of our survey temporary
repairs had been completed and all facilities were again in use. In most facilities, reinforced concrete members were
undamaged, but the joints between them were often damaged or destroyed. If an earthquake causes ground
deformation, canals tend to deform at and near their structural joints. When there is severe ground deformation, the
canal loses its shape and the joints in the canal are destroyed. If there is very severe ground deformation caused by
soil liquefaction and lateral flow, damage may extend beyond the canal joints and the canal may be destroyed. Our
survey revealed that most of the damage to irrigation facilities was caused by ground deformation in the form of soil
liquefaction and lateral flow. These findings agree with the results of research into the Mid-Niigata Prefecture
Earthquake in 2004.

Keywords : the Noto Hanto Earthquake in 2007, canals, irrigation and drainage concrete structures, field survey, soil
liquefaction
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Repair of paddy fields and subsequent cropping in
steep-sloped, landslide-prone areas after
“The Noto Hanto Earthquake in 2007”

OGURA Chikara, WAKASUGI Kousuke and FUJIMORI Shinsaku

Summary

The paddy fields in the area damaged during the Noto Hanto Earthquake in 2007 are located in steep-sloped
landslide-prone areas, other than those areas along the Hakka-gawa River. The earthquake caused dikes to collapse
and precluded ponding of water in some paddy fields where there was subsidence and/or cracking of the ground
surface. However, many farmers were able to repair their farms in time to crop paddy rice in 2007. It is important to
understand how farmers repair paddy lots after earthquake damage and how quickly cropping can recommence. We
conducted a survey in the Koyama area of Monzen in Wajima City. Development of farmland in this area was
completed in 1978 and several recovery projects have been carried out after disastrous rainfall episodes. Landslide
prevention projects have also been undertaken in the area. Koyama is located 7 km from the epicenter of the 2007
Noto Hanto Earthquake in an area that is prone to landslides. Observation stations near Koyama recorded the
earthquake magnitude to be between 6 and 7 on the Japanese earthquake intensity scale. After the 2007 earthquake,
we surveyed 106 paddy lots constructed on sloping ground. Of these, paddy rice was not cropped in 2007 on all or
part of 16 lots. Existing dikes were banked on 14 lots and paddy rice was cropped normally on 76 lots. We consider
that the quick recovery after the 2007 earthquake and previous landslide prevention projects have together resulted in
effective earthquake disaster mitigation.

Keywords : earthquake disaster, landslide, terraced paddy field, disaster recovery
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Fig70 00000
Fissure on farmland Example of a landslide
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Survey of Farmland Damage from
the Noto Hanto Earthquake in 2007

WAKASUGI Kousuke and FUJIMORI Shinsaku

Summary

On March 25, 2007, an earthquake of magnitude 6.9 on the Richter scale inflicted considerable damage on Wajima
City, Nanao City, and Anamizu Town in Ishikawa Prefecture. The seismic center of the earthquake was off the Noto
Peninsula and it registered 6-strong on the Japanese seismic scale (0-7) in these population centers. In farmland areas,
the configuration of paddy fields was disrupted, fissures developed, and levees collapsed. This paper reports on the
results of a survey of damage to paddy fields and investigates the effect of the natural landscape and degree of
farmland consolidation on the disruption of paddy configurations and the development of fissures. The target areas
for the survey were badly damaged farmlands in the Futamata District, in the Koyama District of Wajima City, and in
the Maruyama and Ookatsura districts of Anamizu Town. We used the original plans for farmland consolidation as
a reference for our survey, and, taking into consideration the bearing capacity of the farmland, our survey clearly
showed that the banks that contain paddy fields in the Futamata District were disrupted by up to 30 cm. It appears
that insufficient compaction of soil and fill during plot consolidation caused the damage to paddy fields during the
earthquake. The survey also clearly showed that the occurrence of fissures was closely related to the height of slopes
in non-consolidated areas. In consolidated areas, the presence of fissures was dependent on whether the plot was cut
or banked during farmland consolidation.

Keywords : the Noto Hanto Earthquake in 2007, paddy field, fissure, paddy field configuration
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Top view of an embankment and showing slip failure on the slope
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Top view of an upstream slope
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Damage of inlet works
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Slip failure and cracking on a down stream slope
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Fig.150 00000
Damage to inlet works
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Damage to inlet works
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Continuous cracking on the top of a dike Crack failure of foundation behind sheet pile wall
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Fig.3300 0 0000000000000
Damage to concrete block surface on an upstream slope
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Leaking points at the toe of a downstream slope
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Leakage from a hole at the toe of a downstream slope
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Along-axis cracks in concrete pavement on a dam crest
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Damage to small earth dam by
The Niigataken Chyuetsu-oki Earthquake in 2007

MOHRI Yoshiyuki, TANI Shigeru, HORI Toshikazu, ARTYOSHI Mitsuru,
MASUKAWA Susumu, TAGASHIRA Hidekazu and HAYASHIDA Yoichi

Summary

A number of small earth dams in the Niigata Prefecture were damaged during the Niigataken Chyuetsu-oki
Earthquake in 2007. The National Institute for Rural Engineering (NIRE) inspected the damaged dams to determine
the amount of structural damage, undertake emergency countermeasures to prevent flow-on disasters. The
investigation by NIRE confirmed that there was damage to small earth dams, including slip failure of dikes,
settlement of dikes and nearby roads, and the development of long continuous cracks on the top of embankments.

Keywords : earthquake, small earth dam, slip failure, settlement
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Use of corrugated pipe for urgent canal repair
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Crack in a concrete water stop
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Stripping of concrete at a sidewall joint in a canal
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Fig6 0000000000000000000000 Cracking on an embankment at head works

Stripping of concrete and dislodging of a water stop at a canal
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Crack in concrete canal retaining wall
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Tilting and damage to a building frame at a canal joint
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Fig110 OO0 O0oOoOoooooooooo
Raised hump in floor of concrete canal retaining wall

Fig.120LO0 00000000000 00D0O0OO
Stripping of concrete in L-type canal
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Breakage and collapse of concrete blocks lining a canal
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Bending, cracking, and tilting of floor of concrete blocks lining
a canal
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Expansion at a joint in a drainage flume
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Offsetting of the joint of a drainage flume
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Fig.l700 0000000000000 O0OO
Protrusion of the inflow tube at a drainage flume
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Protrusion of a bench flume at a diversion device
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Stripping of concrete on the inside of a canal joint

e

Fig20 0000000 0OO0ODOOOOOODOOOOOO
ooooooo

Stripping of concrete and exposure of reinforcing on the outer
side of a canal joint
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Damage to a diversion device by movement of the building
frame

gboboboooobooboobobobobooooog

g
gooboboboboboobooboooooooooooooao
OFig22000000000000000Fig.23000
ooooo

Fig220 0000000000000 0O0OO
Stripping of concrete at a canal joint
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Fig230 0o0Oooooooooo
Collapse of sliding timber at a canal joint
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Repeated breakage of concrete and collapse of water stops at

successive canal joints
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Concrete breakage and collapse exposing reinforcing at a canal joint
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Damage to concrete blocks in the wall lining a canal
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Broken fragments from a concrete block wall lining falling into
a canal
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Stripping of concrete and collapse of a water stop at a canal joint



ooooooooooOooOoooooOoOOoOoOooOOoOOOO0OO0Onoo
O010o0z207000000000000000000O00GCOOOCGO 95

moooooooooooooooooo
O000000000Fg29000000000O0ODBO
O O Fig.300
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Breakage and collapse of concrete blocks lining a canal
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Investigation of damage to irrigation and drainage canals during
the Niigataken Chuetsu-oki Earthquake in 2007

MORI Takehisa, MORI Mitsuhiro, TOKASHIKI Masaru, NAKAYA Tetsuo,
MASUKAWA Susumu and TAGASHIRA Hidekazu

Summary

There were 277 reported instances of damage to irrigation and drainage canals during the Niigataken Chuetsu-oki
Earthquake in 2007. The damage was extensive in Kashiwazaki City in the Niigata Prefecture, where field
investigations were carried out in July 2007 immediately after the earthquake, and three months after the earthquake
in October 2007. Typical damage observed was: (1) damage at the joints of cast-in-place concrete-lined canals, (2)
breakage and collapse of concrete blocks lining canals, (3) breakage and collapse of fence boards in drainage canals,
(4) tilting of building frames in concrete secondary drainage flumes, (5) sideways deformation of channel walls from
pressure of upslope fill, and (6) damage to incidental structures such as diversion devices. The countermeasure work
identified in this field investigation will form the basis for future damage reduction measures.

Keywords : earthquake damage, irrigation and drainage canals, field investigation, Niigataken Chuetsu-oki
Earthquake in 2007
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Damage to rural community sewerage systems during
the Niigataken Chuetsu-oki Earthquake in 2007

ARIYOSHI Mitsuru and MOHRI Yoshiyuki

Summary

A number of rural community sewerage systems in Kashiwazaki City, Niigata Prefecture, were damaged by the
Niigataken Chuetsu-oki Earthquake in 2007. Typical types of damage observed were uplift of manholes, sewerage
retention at manholes and settlement of road surfaces. It appears that this damage was caused by liquefaction of
backfilled sand. The sewerage systems of many rural communities in Kashiwazaki City were previously damaged
during the Mid Niigata Prefecture Earthquake in 2004. After the earthquake in 2004, improved soil was used to
prevent liquefaction of the backfill. This investigation found that during the earthquake in 2007 there was less
damage to sewerage pipelines and manholes where improved soil had been used instead of sand.

Keywords : Niigataken Chuetsu-oki Earthquake, rural community sewerage system, liquefaction, pipeline, manhole
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