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DAMAGE TO LIFELINE SYSTEMS IN THE CITY OF SENDAI

CAUSED BY THE 1978 MIYAGIKEN-OKI EARTHQUAKE

T. Katayama *

SYNOPSIS

The city of Sendai with a population of 617,000 was struck by a

destructive earthquake of magnitude 7.4 at 17:14 (JST) on June 12,

1978.

One of the particular features of this 1978 Miyagiken-Oki earthquake was

the damage sustained by various lifeline utility systems.

This paper

describes the damage to electric power, water supply, sewerage and city
gas systems in Sendai, and the processes of their restorations.

INTRODUCTION

A destructive earthquake of magnitude
7.4 struck the northern portion of the
Honshu Island at 17:14 (JST) on June 12, 1978.
According to the Japan Meteorological Agency,
the epicenter was about 108 km to the Sast
of the city of Sendai (142710'E and 38 09'N)
and the focal depth was 40 km. The dimensions
of the causative fault plane were estimated
as 30 x 80 km, with its longer side approx-
imately in the east-west direction (Seno, T.,
et al., 1978). Since the reported epicenter
is located near the eastern edge of this
source area, the shortest distance from Sendai
to the source area was 50 to 60 km. The
intensity in the Sendai area was V by the
JMA scale, which roughly corresponds to
VIII on the Modified Mercalli scale. Figure
1 shows the distribution of JMA intensities
at various locations. The peak horizontal
acceleration recorded on the ground surface
or in building basements in Sendai and its
surrounding area ggnerally varied between
200 and 300 cm/sec“.

Sendai, the l4th largest city in iapan
with a population of 617,000 on 237 km~, was
situated almost at the center of the JMA
intensity V area, and a variety of damage was
sustained by a number of different structures
and systems. The overall damage has been
estimated at some Yen 200 billion¥, and more
than sixty percent of this was sustained
in Sendai, where some 700 homes have been
reported to have toally collapsed, some
3,400 homes appreciably damaged and some
74,000 homes had minor damage. Six rein-
forced concrete buildings and nine steel frame
structures have been reported to have wholly
collapsed. Damage to highway and railway
structures was also extensive. Twenty-eight
persons lost their lives (thirteen in Sendai)
because of damage caused by the earthquake.
It was especially noted that sixteen were
killed by collapsing gatepost, masonry or
concrete-block walls.

One of the particular features of the
1978 Miyagiken-Oki earthguake was, however,
the damage sustained by various lifeline
utility systems in the city of Sendai. This
paper describes the damage to electric power,
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water supply, sewerage and city gas systems
in Sendai, and the processes of their
restorations.

ELECTRIC POWER SYSTEM

Prior to the occurrence of the earth-
quake, the Tohoku Electric Power Company
was delivering 4,900 megawatts to the
northern portion of the Honshu Island.
Approximately 1,500 megawatts of demand
decreased after the earthquake including
the interruption of some 1,130 megawatts of
supply. System frequency momentarily
fluctuated from 50.00 Hz to 50.58 Hz, then
returned to normal in five minutes.

An estimated 681,600 customer power
services were affected by the power outages
caused by seismic damage to power system
facilities and by the operation of relays
triggered by the earthquake. These relays
were reported to have normally operated
and protected the equipment from electrical
faults in the system before equipment was
structurally damaged.

Generally speaking, generating facilities
sustained minor damage. Two steam power
plants serving most of the customer load in
the Sendai area sustained some equipment
damage. The Sendai Steam Plant Nos. 2 and
3 units (each 175 megawatts) and the
Shin~Sendai Steam Plant No. 1 (350 megawatts)
and No. 2 (600 megawatts) units were hand-
tripped because of the severe shaking caused
by the earthquake. The Sendai Steam Plant
No. 1 (175 megawatts) unit was not running
at the time of the earthquake. Damage at
these plants was not severe, but it took
several days before generating units at
these plants resumed running. This caused
shortage of power supply in the Sendai area
and necessitated curtailment of customer
load. The Sendai Steam Plant No. 1 unit
was placed in service by June 16. The
Shin~Sendai Steam Plant Nos. 1 and 2 units
resumed running on June 18 and 19, respect-
ively.

There was no major failure of overhead
and underground transmission lines except
for some fissuring near footing and minor
cracking of retaining walls of transmission
towers.

A total of eighteen substations
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sustained equipment damage to varying degrees,
including two 275-kv, seven 154-kv and nine
66~kv or lower voltage substations. There
was major damage to nearly every type of
electrical equipment (Table 1). However,
the primary cause for the extensive power
outages in the Sendai area was severe

damage to electrical equipment at two of the
key bulk power substations (275-~kv) which
disrupted the company's artery 275~kv trans~
mission line. Damage was most severe at

the 275-kv Sendai Substation, where three
transformers including two primary 275-kv
transformers, twelve circuit breakers,

three disconnecting switches, thirteen
porcelain-clad current transformers, three
capacitance potential devices and eight
lightening arresters suffered damage. Most
of the equipment damage at these substations
was associated with failures of porcelain
compenents and damacge caused by inadequate
anchorage was minimal.

Early restoration by 275-kv lines was
judged impossible because of the damage to
the two steam plants and the Sendai Substation
as described above, and emergency service
was recovered by connecting intact lower
veltage (154 and 66-kv) lines. Service was
restored to about 90 percent of the customer
within the same day of the earthquake
occurrence, and all distribution substations
in the Sendal area received power supply
during the early hours of June 13. However,
power outages to about 80,000 customers
remained on the following morning mostly in
the city of Sendai and several surrounding
cities. Figure 2 shows how the number of
customers without power decreased until
emergency restoration was completed about
38 hours after the occurrence of the earth- '
guake. It has been reported that in all
restoration regquired some 19,400 man-day
and Yen 3.22 billion (Fig. 3).

WATER SUPPLY SYSTEM

The Sendai City Bureau of Water Supply
provides potablewater to some 200,000
customers with a total population of 620,000
from its three treatment facilities h%ving
a maximum daily capacity of 320,000 m~. The
fourth treatment facility was under expansion
work and not in full operation. Facilities
for collection, storage, transmission and’
treatment work came through the earthquake
without any substantial damage. The Sendai
water supply network used gravity flow for
most of its service area and pumping facilities
were minimal and undamaged. Power required
at treatment facilities was obtained from
emergency power units and the power outages
did not affect service to customers. It
has been reported that these three treatment
facilities were able to receive normal power
supply at 0:15, 0:35 and 7:30 on June 13.

Minor distribution pipings sustained
considerable damage. A total of 215 breaks
have been reported to have occurred in the
water distribution mains having diameters
equal to or greater than 50 mm. The summary
of damage to distribution pipes with
diameters equal to or greater than 75 mm
is shown in Table 2. There were 98 breaks
in 50 mm pipes whose length is not known.
The statistics in Table 2 should be carefully
interpreted because damage to buried pipes
is strongly related to subsurface site
conditions.

Figure 4 shows the general geological
setting of the Sendai area (Okutsu, H., 1975}.
The distinct NE-SW line passing near the
center of the map is called the Rifu-Nagamachi
tectonic line. The Sendai Plain developes
to the east of this line and is bounded by
the Pacific Ocean. This alluvial plain is
mostly of sand, silt and gravels. Its
depth to the Tertiary basement rocks varies
abruptly near the tectonic line but is
generally between 30 and 60 m. There are
several areas in this plain which are
covered with 245 m thick, very soft peat or
mud. The general topography of the area to
the west of the tectonic line is character-
ized by hilly terrain and several levels of
terraces. The central part of Sendai
including office and business quarters and
older residential districts is located on
the terrace structure on the north of the
Hirose River. The surface deposit of this
terrace is loam with this thickness rarely
exceeding 2 m. This surface deposit is
underlain by gravels or sand and gravels
with the standard penetration N-value
varying from 20 to 60. The Tertiary basement
rocks, mostly of tuff, is usually found at
a depth of 5 to 7 m. The hills are either
of very hard andesite or agglomerate, or of
workable tuff, shale, mudstone or sandstone.
At several places, the tops of hills are
covered with loam deposits. A number of
residential districts have been developed
in the last 30 years on the slopes of the
hills with softer workable rocks.

Figure 5 shows the distribution of
damage to buried water pipes. Note that
the lines bounding different site conditions
in Fig. 4 are retained so that easy reference
can be made. Damage is generally slight in
the central part of the city located on the
geologically stable terrace. Pipe failures
were concentrated in the newly developed
residential districts where large-scaled
cut and fill have extensively altered the
original ground profile. In these areas,
because of inherent instability of artificial
slopes, insufficient densification of fills,
and abrupt changes in subsoil properties
between cut and fill, strong seismic shaking
easily produced fissures, local settlement,
slippage, and relative displacement over
short horizontal distances. These were the
main causes of buried pipe breaks.

The emergency operations immediately
following the earthquake were primarily
concentrated on stopping any uncontrolled
flows of water from broken mains. Consequently
about 7,000 services were without water on
the following morning. The restoration of
water service in Sendai was generally fast
and the number of customers without water
decreased to 800 by June 15, during which-
normal service was restored in the city of
Sendai except for several newly developed
residential districts where the stability
of fills and slopes was in doubt. Over
4,000 breaks to service connections, meters
and domestic pipings were reported to the
Bureau during June.

Trucks were used to supply water to
the areas which were completely out of
water. On June 14, thirty~-seven trucks
made 213 deliveries to various locations
(Table 3). Most of the vehicles were
rented ordinary trucks which carried the
Bureau's 1 m3 water tanks. It is noted






