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Abstract Many big earthquakes have occurred in the tectonic regions of the world, especially in 8 

Japan. Earthquakes often cause damage to crucial life services such as water, gas and electricity 9 

supply systems and even the sewage system in urban and rural areas. The most severe problem for 10 

people affected by earthquakes is access to water for their drinking/cooking and toilet flushing. 11 

Securing safe water for daily life in an earthquake emergency requires the establishment of 12 

countermeasures, especially in a mega city like Tokyo. This paper described some examples of 13 

groundwater use in earthquake emergencies, with reference to reports, books and newspapers 14 

published in Japan. The consensus is that groundwater, as a source of water, plays a major role in 15 

earthquake emergencies, especially where the accessibility of wells coincides with the emergency 16 

need. It is also important to introduce a registration system for citizen-owned and company wells 17 

that can form the basis of a cooperative during a disaster; such a registration system was 18 

implemented by many Japanese local governments after the Hanshin-Awaji Earthquake in 1995 and 19 

the Great East Japan Earthquake in 2011, and is one of the most effective countermeasures for 20 

groundwater use in an earthquake emergency. Emphasis is also placed the importance of 21 

establishing of a continuous monitoring system of groundwater conditions for both quantity and 22 

quality during non-emergency periods. 23 
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Introduction 42 

 43 

A catastrophic earthquake and tsunami devastated the Pacific coast of north-eastern Japan on 44 

March 11, 2011, and has been called the ‘Great East Japan Earthquake’. The magnitude of the 45 

earthquake was 9.0, and it is considered to be the biggest magnitude ever measured in Japan. This 46 

great earthquake was caused by thrust faulting between the Pacific and North American plates 47 

(Ujiie et al. 2013; Chester et al. 2013; Fulton et al. 2013) extending 450 km in the south-north 48 

direction and 200 km in the east-west direction as shown in Fig. 1. Three prefectures in the Tohoku 49 

(north-eastern) region of Japan — Miyagi, Iwate and Fukushima — were most seriously damaged. 50 

By the earthquake and tsunami, around 19,000 lives were lost; 6,000 people were injured and 51 

385,000 houses collapsed (National Police Agency 2014). Many cities and towns in the Tohoku 52 

region still await reconstruction and the area around the Fukushima Daiichi (No.1) Nuclear Power 53 

Plant is still evacuated due to radioactive contamination. 54 

   In the Great East Japan Earthquake, around 2,300,000 households were cut off from the 55 

municipal water supply immediately after the earthquake and 1,000,000 households were still 56 

suspended even after 1 week passed. Maximum length of cut off time from the municipal water 57 

supply reached nearly 5 months after the earthquake in some severe disaster-struck districts 58 

(National Water Well Association of Japan 2013). 59 

   Before this Great East Japan Earthquake, Japan experienced another big earthquake called the 60 

Hanshin-Awaji Earthquake (M 7.3) which occurred on January 17, 1995. At that time, this big 61 

earthquake was the worst natural disaster in Japan after the World War II. It happened on the 62 

Niigata-Kobe strain concentration belt as shown in Fig. 2. This intraplate strain concentration belt 63 

might be caused by viscosity heterogeneities in the mantle (Yamasaki and Seno 2004). Many other 64 

big earthquakes associated with this belt have devastated Japan recently as indicated in Fig. 2. In 65 

the Hanshin-Awaji Earthquake, around 1,270,000 households were cut off from the municipal 66 

water supply immediately after the earthquake and 490,000 households whose drinking water still 67 

suspended even after 1 week passed. Maximum length of suspended municipal water supply 68 

reached 3 months after the earthquake. 69 

   Usually, earthquakes cause severe damage to life services such as water, gas and electricity 70 

supply systems. Among those, security of safe water is the most serious problem in the disaster 71 

areas, especially in a mega city located in the tectonic regions in the world, as it takes a long time 72 

after the earthquake for recovery of the municipal water supply system (Table 1). 73 

After the Hanshin-Awaji earthquake, the Research Committee on the Security of Water in the 74 

Great Earthquake Disaster was established in Japan and the Committee published a report ‘On 75 

securing of water in the Great Earthquake Disaster in a mega city in Japan’ in 1999 (Research 76 

Committee on the Security of Water in the Great Earthquake Disaster 1999). In addition, the 77 

Ministry of Land Infrastructure, Transport and Tourism (MLIT) published the ‘Guidelines for 78 

groundwater use in earthquake disasters’ (MLIT 2009). These actions mean that water-use 79 

problems in earthquake emergencies have been studied and monitored carefully in Japan since the 80 

1995 Hanshin-Awaji Earthquake. 81 

After suffering the Great East Japan Earthquake, the Japanese Association of Groundwater 82 

Fig. 1 

Fig. 2 

Table 1 
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Hydrology (JAGH) held a symposium on “The way of groundwater use as the emergency water 83 

source at the time of the earthquake” (JAGH 2012; Taniguchi and Nakajima 2013). In addition, the 84 

UNESCO-IHP-GWES group (IHP is the International Hydrological Programme, and GWES is 85 

Groundwater for Emergency Situations) published a book “Groundwater Resources for Emergency 86 

Situations: A Methodological Guide” in 2011 (Vrba and Verhagen eds. 2011). The scientific 87 

community’s recent activities imply that groundwater resources are recognized as an important 88 

water source for emergency situations caused by severe natural hazards such as earthquake and 89 

tsunami disasters. 90 

Case studies on groundwater resources for emergency situations especially in earthquake and 91 

tsunami disasters are reported from widely differing regions. Chadha et al. (2006) reported on   92 

groundwater risk management during the 2001 Bhui earthquake in India. The impact of the 2004 93 

Indian Ocean tsunami on the Indian coastal groundwater system is reported by Keshari et al. (2006). 94 

The effect of this 2004 tsunami on groundwater resources in the Maldives islands is reported by 95 

van der Linden (2011) and the impact of this 2004 tsunami and rehabilitation of groundwater 96 

supplies in eastern Sri Lanka is described by Villholth et al. (2011). Beside earthquake and tsunami 97 

disasters, van der Linden (2006) described the emergency groundwater supplies during flood and 98 

drought disasters in the Netherlands as an example of delta area. 99 

The afore-mentioned case studies, however, mainly focused on the risk management of 100 

groundwater resources during earthquake and tsunami disasters and the methodology and 101 

technology for emergency remediation or rehabilitation of groundwater resources. There is little 102 

information on the usefulness of groundwater resources and measures for groundwater security in 103 

the earthquake emergency itself. An overview of the use of groundwater resources for risk 104 

reduction in emergencies is given in the accompanying essay in this volume of Hydrogeology 105 

Journal by Vrba and Renaud (2015). The purpose of this paper is to clarify the importance of 106 

groundwater resources in the earthquake emergency and to show some examples of groundwater 107 

use regarding the Hanshin-Awaji Earthquake and the Great East Japan Earthquake, as one of 108 

countermeasures for water security in earthquake disasters. 109 

 110 

Groundwater resources of Japan 111 

 112 

Geologically, groundwater resources in Japan constitute storage in mainly the alluvium, Pleistocene 113 

series and Neogene series strata (Editorial Committee on Groundwater of Japan 1986). Alluvium is 114 

deposits of Holocene and the final stage of the Pleistocene, constituted with sand, sandy clay, 115 

gravel and volcanic deposits. Those deposits are widely distributed in the coastal plains, flood 116 

plains, and sand dunes and at the foot of volcanoes. In Japan, until around 50 years ago, 117 

groundwater resources in the alluvium were widely used for domestic or municipal water supplies 118 

by shallow wells. The Pleistocene series is constituted from many alternations of coarse and fine 119 

deposits caused by several sea level fluctuations due to glacial cycles in the middle and late 120 

Pleistocene. This series of deposits provides the main groundwater storage aquifers of Japan. The 121 

Neogene series is the deposits of Pliocene and Miocene constituted with relatively fine grained and 122 

highly compacted materials and volcanic rocks. In general, the strata of this series are of lower 123 
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permeability than younger age deposits. 124 

Aquifers are distributed in all Japanese islands from north to south and the estimated total area 125 

of relatively large groundwater basins is 66,000 km2 corresponding to 17.6 % of the entire land area 126 

of Japan (Marui et al. 2009). It is reported that the maximum storage volume of groundwater 127 

resources in the alluvium, Pleistocene series and Neogene series is 160, 16,440 and 27,580 km3, 128 

respectively (Marui et al. 2009). Therefore, the total potential storage volume of the groundwater 129 

resources of Japan is estimated as 44,180 km3. As the fresh groundwater storage volume of the 130 

world is estimated at around 10,530,000 km3 (Shiklomanov ed. 1997), so the estimated total 131 

groundwater storage volume of Japan corresponds to 0.42 % of the world. 132 

From the view point of the climatic water balance of Japan, around one-half of the average 133 

annual rainfall evaporates and around one-third runs off as overland flow, and the rest (one-sixth) 134 

infiltrates to beneath the surface. The average annual rainfall in Japan is estimated as 1,690 mm (30 135 

years average for 1981-2010, MLIT 2014), thus infiltrated amounts are estimated around 280 136 

mm/year. Although all infiltrated water does not become groundwater resources, the maximum 137 

recharge rate might be estimated by multiplying this value and the country land area (of 378,000 138 

km2), which is around 106 km3/year, a value which may be the annual potential recharge rate of 139 

groundwater resources in Japan. 140 

Table 2 shows the groundwater usage in Japan in 2011 (MLIT 2014). The total amount of 141 

annual groundwater use is around 11.2 km3/year (MLIT 2014), meaning nearly one-tenth of the 142 

annual potential recharge rate mentioned in the preceding. It can be seen from Table 2 that more 143 

than 80 % of total groundwater use is consumed for domestic, industrial and agricultural purposes. 144 

The dependence ratio of groundwater use in domestic water, industrial water and agricultural water 145 

is 21, 28, and 5 %, respectively at the present time. 146 

   As mentioned in the preceding, the potential groundwater storage volume of Japan is relatively 147 

large and the annual potential recharge rate is also high because Japanese islands are located at 148 

middle latitude and in humid climate conditions, and are formed from a relatively young geologic 149 

age strata. Nevertheless, the groundwater-use ratio compared to river water use is not so high at the 150 

present time. This is due to the fact that, in Japan, during the high economic growth period of 151 

around 1960s and 1970s, over-exploitation of groundwater resources caused groundwater hazards 152 

such as land subsidence and seawater intrusion in the major coastal plains and exploitation has been 153 

restricted by the national laws introduced in 1956 and 1962 (Endo 1992; Tanaka 2007). 154 

 155 

General aspects of water security in an earthquake emergency 156 

 157 

In an earthquake emergency, the most important problem for affected people is establishment of a 158 

source of water for their drinking/cooking and toilet flushing. In some cases, water for firefighting 159 

is the most urgent necessity because often hydrants do not work well during earthquake disasters. 160 

Medical activities are also impaired largely by the destruction of the water supply system. 161 

Based on the reports of the Research Committee on the Security of Water in the Great 162 

Earthquake Disaster (1999) and the MLIT (2009), general aspects of water security during 163 

earthquake emergencies (such as the ‘water demand phase’), the target amount of water needed in 164 

Table 2 
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the emergency water supply, water needs for the utilization categories, and characteristics of the 165 

water source are summarized below. 166 

   The water demand phase in the earthquake disaster may be divided into three sub-phases as 167 

shown in Fig. 3. Phase 1 corresponds to the period from immediately after the earthquake occurred 168 

to 3 days after the earthquake in which water supply focuses on the demand for firefighting, 169 

medical activities and drinking water. In phase 2, from the first day after the earthquake occurred to   170 

restoration of normal activity, water supply meets the demand for drinking/cooking, toilet flushing, 171 

bathing/washing and restoration of municipal functions. The period from 4 days after the 172 

earthquake till restoration of the city area is categorized as phase 3. In this phase, water for 173 

increased domestic-water use and water to facilitate reconstruction of building and industry are 174 

needed. 175 

Figure 4 shows the target amount of emergency water supply, which is the basis of planning by 176 

the Administration Office of Kobe city. This figure indicates an expected amount of water demand 177 

per person per day depending on the time passed after the earthquake. It seems that the amounts of 178 

water demand indicated in this figure are the minimum requirements in the earthquake emergency 179 

of a mega city. 180 

   In the earthquake emergency, not only sufficient quantity of water but also the quality of water 181 

is required for some purposes. Table 3 summarizes the water needs for each utilization category in 182 

the earthquake disaster, considering the time and place and the required amount and quality. For 183 

medical activities, high water quality and a large amount of water is necessary immediately after 184 

the event, and it needs to be sustained for continuous supply. This is one of the largest water use 185 

problems in the earthquake emergency because transportation of such high quality water to the 186 

hospital is needed, which is difficult. Drinking/cooking and bathing/washing also needs clean water. 187 

On the other hand, for firefighting and the toilet flushing, although a huge amount of water is 188 

necessary, there is no strict requirement on water quality, as indicated in Table 3. 189 

Table 4 shows the characteristics of water sources for considering utilization of water in the 190 

earthquake emergency, and this table may be useful for the risk assessment of water sources. River 191 

and sea waters are in large quantity but those waters must be transported to required places; again, 192 

transportation is not usually easy in an earthquake emergency. Moreover, seawater must be treated 193 

before it is used for otherwise freshwater purposes. On the other hand, groundwater has the 194 

advantage of coincidence with respect to need and location of supply, although the amount of water 195 

will be affected from place to place. This groundwater advantage will be useful for domestic-water 196 

use and other immediate needs, such as the initial firefighting as mentioned before and toilet 197 

flushing, which are listed as crucial water requirements in an earthquake emergency. The summary 198 

indicates that in an earthquake emergency, not only the amount of water but also the quality of 199 

water is important for some purposes.  200 

 201 

Examples of groundwater use in the earthquake emergencies experienced in Japan 202 

 203 

Some examples of groundwater use during the Hanshin-Awaji Earthquake are reported by Tanaka 204 

(2011); specific examples of water use in the early stage of the earthquake are listed in the 205 

Fig. 4 

Table 3 

Table 4 

Fig. 3 
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following: 206 

 207 

・Immediately after: well water was used for firefighting by bucket relay with 500 citizens 208 

・One day after : a 100-m line of citizens worked together to extract and distribute well water 209 

・Three days after: 200 citizens used groundwater for domestic use by pumping from a 7-m 210 

deep well 211 

 212 

Table 5 summarizes the water sources that were used by citizens in Kobe city for firefighting in 213 

the earthquake emergency. It can be seen that groundwater use for firefighting was significant 214 

compared with other water sources. It is also reported that in the case of the Hanshin-Awaji 215 

earthquake, the recovery of water supply on Awaji Island was prompt because most of households 216 

on the island have their own shallow wells on their property and they could pump up shallow 217 

groundwater using hand pumps or electricity which had already been recovered within the same 218 

day of the earthquake (Yoshioka 2006).  219 

Some hospitals introduced a deep well facility after the Hanshin-Awaji Earthquake, which can 220 

supply 80 % of drinking water in normal times, with a membrane filtration system and a private 221 

power plant system as shown in Fig. 5. By April 2004, 116 hospitals throughout the whole of Japan 222 

had introduced a well facility with these systems (Sugimoto 2004). The Ministry of Health and 223 

Labor carried out a survey in 2011 on water use for medical activities during the Great East Japan 224 

Earthquake and obtained answers from 489 hospitals in the devastated region. The results of the 225 

questionnaire were as follows; 207 hospitals (42.3 %) have a half-day or 1-day capacity for water 226 

storage in tanks, 126 hospitals (25.7 %) have 2 days’ tank storage or more, and 229 hospitals 227 

(46.8 %) have a well facility (National Water Well Association of Japan 2013). This means that the 228 

number of hospitals with a well facility nearly doubled during the 7 years from 2004 to 2011. The 229 

efficiency of groundwater use by hospitals in the earthquake disaster area was also reported, citing 230 

the following example of a hospital located in Mito city (Ibaraki prefecture in the southern region), 231 

which was affected by the Great East Japan Earthquake: 232 

 233 

・Hospital scale  500 beds 234 

・Daily water use amount  273 m3 235 

・Capacity of water storage tank  200 m3 236 

・Groundwater supply at non-emergency times  90 % of daily water use amount 237 

 238 

In this case-hospital, the water supply (from groundwater) for medical use was not cut off, and 239 

it was possible for this hospital to accept many patients during the Great East Japan Earthquake, 240 

even though the suspension of the municipal water supply continued for 14 days in the surrounding 241 

area. 242 

The case of Sendai city, which suffered serious damage during the Great East Japan Earthquake, 243 

is also reported by the National Water Well Association of Japan (2013); in this city, the registration 244 

system of cooperative well owners for disaster purposes started in 2000, and the number of 245 

registered private and company wells was 185 and 39, respectively, at the time when the great 246 

Table 5 

Fig. 5 
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earthquake happened in 2011. The results of the survey by the city council on use of these 247 

registered wells in the great earthquake emergency are shown in Table 6. It is clear that in the 248 

region of suspended municipal water supply, 79 % and 65 % of registered private and company 249 

wells were used, respectively. It is not clear whether the electricity was restored promptly or not in 250 

this case. However, it is common for there to be hand pumps and/or generators at private and 251 

company wells, respectively. 252 

 253 

Countermeasures for groundwater security in an earthquake emergency 254 

 255 

After the Hanshin-Awaji Earthquake, countermeasures for groundwater security in a disaster 256 

emergency were considered by many local governments in Japan. One of such countermeasures is 257 

the establishment of a registration system for citizen-owned wells and company wells that can form 258 

a cooperative, as mentioned in the previous section. After having experienced the Great East Japan 259 

Earthquake, this registration system by the local government has been expanded and accelerated 260 

further to entirely cover Japan. Table 7 summarized the introduction of the registration system as of 261 

2012 (Asahi Shimbun 2012); 36 local governments had introduced the registered well system and 262 

nearly 12,000 wells were already registered by 2012. Registration information is usually 263 

accumulated by the local government. They have a plan to open the registered well and allow use 264 

of the groundwater with no charge for neighboring residents whenever the municipal water supply 265 

is suspended due to natural disasters. 266 

   Figure 6 shows the panel indicating the “citizen’s cooperation well” for disasters in Kobe city. 267 

This registration system started in 1996 in Kobe city, just 1 year after the big earthquake, and the 268 

number of registered wells reached 437 wells by 2012 as shown in Table 7. The list of registered 269 

wells and the location maps have been prepared by the administrative office of the city and there 270 

are periodic checks on the quality of shallow groundwater (Tanaka 2011). As can be seen from 271 

Table 7, a similar registration system has been implemented by many other local governments, 272 

especially in mega cities like Tokyo and Yokohama. For example, Tokyo Metropolitan Government 273 

specified 2,769 disaster wells in 23 wards in 1995, just after the Hanshin-Awaji Earthquake (Tanaka 274 

2011); this number reached 4,866 by 2012, increasing 3.5 times after the Great East Japan 275 

Earthquake. In Yokohama city, the number of registered wells reached 3,037 by 2012, and for each 276 

well, there has been a monthly water quality check using analytical standards the same as those 277 

used for the municipal water supply (Tanaka 2011). 278 

Regarding medical activities, the number of hospitals with a deep well and membrane filtration 279 

system has been gradually increasing in recent years and it is reported that the number of hospitals 280 

having similar well facilities reached 229 by 2011, doubling the increase seen during the seven 281 

years from 2004 to 2011 (National Water Well Association of Japan 2013).  282 

From a policy point of view, a framework for policy-making action with regard to effective 283 

groundwater use in disaster emergencies is now being implemented by the Japanese Government 284 

based on the Water Cycle Basic Law, enforced in July 2014 (Tanaka, 2014). The establishment of a 285 

registration system for citizen-owned wells and company wells is now a policy-making action 286 

within the Water Cycle Basic Plan, which was approved on 10 July 2015 by the Japanese Cabinet 287 

Table 6 

Table 7 

Fig. 6 
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following establishment of the Law. It is expected that effective groundwater use in disaster 288 

emergencies shall spread widely in Japan hereafter according to the establishment of this policy. 289 

Beside groundwater use in disaster emergencies, utilization of rainwater from the roofs of 290 

households, which is channeled to a water storage tank and used with a hand pump, has also spread 291 

recently in Japan as a supplementary water source for domestic use during an emergency. This type 292 

of water storage tank was used in Japan for more than 150 years, during the Edo epoch (years 293 

1603-1868; Tanaka 2011). Although the storage capacity is too small for extended shut-offs, the 294 

rainwater utilization system has been reintroduced recently as an important self-serving water 295 

source in disaster emergencies. As one of such examples, Oita city, located on Kyushu Island, 296 

established a financial support system in 2007 for citizens to set up rainwater storage tanks for 297 

which storage capacity is more than 100 L. This financial support covers half the set-up costs, and 298 

the maximum supporting expense is limited to 25,000 JPY for each set.  299 

The Japanese Government established the ‘Act to Advance the Utilization of Rainwater 300 

(Rainwater Act)’ in 2014 (‘2014 Act No. 17’) and it has been enforced since 1 May, 2014 (House of 301 

Councillors of Japan 2014). The Act is constituted from the following four parts－responsibility, 302 

principle policy, measures for rainwater utilization advancement, and supplementary features. The 303 

act aims to spread the setting up of rainwater storage facilities as a water supply source in a disaster 304 

emergency through advertising activities and a financial support system by the local governments. 305 

It is expected that by the establishment of the ‘Rainwater Act’, rainwater utilization during disaster 306 

emergencies shall spread and the wider population in Japan will be sufficiently informed. 307 

 308 

Concluding remarks 309 

 310 

As described in this paper, groundwater resources are considered as a significant water source in an   311 

earthquake emergency, as their location and availability often coincide with need. Groundwater 312 

resources may have the advantage of use for initial firefighting and toilet flushing, which are listed 313 

as some of the crucial water use problems in earthquake disasters, especially in mega cities located 314 

in the tectonic regions in the world. To cover medical activities in an earthquake emergency, 315 

introducing a deep well facility with membrane filtration and a private power plant system is also 316 

effective for continuous water supply from the immediate period after the earthquake. For 317 

utilization of groundwater for drinking and cooking purposes in an earthquake emergency, water 318 

quality checks must be carried out during normal times. Hand pumps or diesel/petrol-driven pumps 319 

have to be available for groundwater use during an emergency because the required electricity 320 

supply may not be available after an earthquake. For these purposes, the establishment of a 321 

continuous monitoring system on groundwater condition, of both quantity and quality, at 322 

non-emergency times is necessary and is the most important countermeasure to secure groundwater 323 

resources in an earthquake emergency. Furthermore, the establishment of a registration system of 324 

citizen-owned wells and company wells that will form the basis of a cooperate during disasters－as 325 

implemented by many Japanese local governments after the Hanshin-Awaji Earthquake (1995) and 326 

the Great East Japan Earthquake (2011)－is also an effective countermeasures for groundwater 327 

security in an earthquake emergency. Finally, it is very important that there is a government 328 
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framework such as funding and programs for groundwater security, which the Japanese government 329 

is now addressing. 330 
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Figure captions 452 

 453 

Fig. 1 Map of Japan and the seismic center of the Great East Japan Earthquake (M 9.0), which 454 

occurred at 14:46 on 11 March 2011 (modified from Japan Meteorological Agency 2011) 455 

 456 

Fig. 2 Recent big earthquakes that have occurred in Japan (modified from Asahi Shimbun 2007a) 457 

 458 

Fig. 3 Water demand phases in earthquake disasters (modified from Research Committee on the 459 

Security of Water in the Great Earthquake Disaster 1999) 460 

 461 

Fig. 4 Target amount of water supply in an earthquake emergency (modified from Research 462 

Committee on the Security of Water in the Great Earthquake Disaster 1999) 463 

 464 

Fig. 5 Schematic diagram of a deep well facility with a membrane filtration system, introduced by 465 

hospitals in Japan for disaster emergency (modified from Tanaka 2011) 466 

 467 

Fig. 6 Panel indicating “citizen’s cooperation well” for disaster relief in Kobe city (modified from 468 

Research Committee on the Security of Water in the Great Earthquake Disaster 1999) 469 

Citizen-owned and company wells can form the basis of a cooperative during disasters 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 
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 484 
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Table 1 Damage to municipal water supplies in recent big earthquakes occurring in Japan (after 493 

Asahi Shimbun 2007b and National Water Well Association of Japan 2013) 494 

 495 

Earthquake name Occurred date Magnitude 

Number of households 

with suspended water 

supply 

 Maximum duration 

 of suspended 

 water supply 

Hanshin-Awaji Earthquake 17 Jan., 1995 M 7.3 ～1,300,000        90 days 

Chuetsu Earthquake 23 Oct., 2004 M 6.8   ～130,000      ～1 month 

Noto Peninsula Earthquake 25 Mar., 2007 M 6.9    ～13,000        13 days 

Chuetsu-Oki Earthquake 16 Jul., 2007 M 6.8    ～59,000        20 days 

Great East Japan 

Earthquake 
11 Mar., 2011 M 9.0 ～2,300,000 ～5 months 

 496 

 497 

 498 

 499 

 500 

 501 

Table 2 Groundwater (GW) use in Japan in 2011 (MLIT 2014) 502 

 503 

Water use category  
Amount of GW in use Category ratio All water in usea GW dependence ratio 

(km3/year) (%) (km3/year) (%) 

Domestic 3.2 28.3 15.2 21.1 

Industrial 3.2 28.3 11.3 28.3 

Agricultural 2.9 25.7 54.5 5.3 

Other  2.0 17.7 6.1 32.8 

Total 11.3 100.0 87.1 13.0 

aAll water includes surface water and groundwater 504 

 505 

 506 

 507 

 508 

 509 

 510 
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Table 3 Required amount and quality of water for each utilization category in an earthquake 511 

disaster (after Research Committee on the Security of Water in the Great Earthquake Disaster 1999) 512 

 513 

Category Time/place Required amount and quality 

Firefighting  Till around 3 days ・No need for good water quality 

・Large amount 

・Constant amount 

Medical activity  Continuous supply, 

 needed immediately 

 after disaster 

・High quality 

・5 L/person/day for visitors 

・40-60 L/person/day for inpatients 

・250 L/person/day for washing 

  Drinking/cooking  Continuous supply, 

 needed everywhere 

・Clean water 

・3-60 L/person/day 

  Toilet flushing  Continuous supply, 

 needed immediately 

 after disaster 

・No need for good water quality (but not 

 include particles) 

・Some 10 L for 2-3 days on average 

  Bathing/washing  Several days to 1 

 week after disaster 

・Clean water 

・60 L/person/day 

・Increase with time 

Maintenance of 

  municipal function 

 Continuous supply 

 for main facilities 

・Necessary water quality is different 

 depending on utilization purposes 

Full restoration of 

  water supply 

 Stable water supply 

 after the disaster 

 event is over 

・Necessary water quality is different 

 depending on utilization purposes 

 514 

 515 

 516 

 517 

 518 

 519 

 520 

 521 
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Table 4 Characteristics of water sources for use in an earthquake disaster (after Research 522 

Committee on the Security of Water in the Great Earthquake Disaster 1999) 523 

 524 

Water source Quantity Quality Remarks 

River, lake and 

pond waters 

Large amount Different depending 

on water source 

Transportation is necessary 

Sea water Large amount Treatment is 

necessary for 

freshwater usage 

Transportation is necessary 

   

Groundwater 

Amount will be  

affected place to 

place 

Pollution of shallow 

groundwater is a 

factor 

Need and supply locations 

can coincide; 

Water table decline is 

possible; water pollution is 

possible; set of hand pumps 

is needed 

Rain water A water tank set is 

necessary to provide 

0.22 to 2,000 m3  

Possibly clean but 

treatment is necessary 

sometimes 

Need and supply locations 

can coincide 

 525 

 526 

 527 

 528 

Table 5 Water sources for firefighting in Kobe city during the Hanshi-Awaji Earthquake (M 7.3) of 529 

1995 (after Research Committee on the Security of Water in the Great Earthquake Disaster 1999) 530 

 531 

Water source No. of utilizations 

 Hydrant 17 

 Well water (groundwater) 14 

 River water 11 

 Bath stored water 9 

 Industrial tank water  5 

 Public bathhouses water 4 

 Pond water 4 

 532 

 533 

 534 

 535 

 536 

 537 
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Table 6 Utilization of registered wells in Sendai city during the Great East Japan Earthquake (M 538 

9.0) of 2011 (after National Water Well Association of Japan 2013) 539 

 540 

Category of registered 

well 

Number of registered 

wells in the suspended 

water-supply region (A) 

Number of utilizations 

of registered wells 

during the disaster (B) 

Percentage 

utilization of wells 

(B/A) 

Citizen-owned wells 106 84 79% 

Company wells 26 17 65% 

 541 

 542 

 543 

 544 

 545 

Table 7 Introduction of the registered well system for disaster use by the local governments in 546 

Japan, as of 2012 (after Asahi Shimbun 2012) 547 

 548 

 Local government 

 name 

 Number of registered wells 

 for disaster use, as of 2012 

Start 

year 

   Sapporo City 748 1997 

   Sendai City 218 2000 

   Yamagata City 97 2004 

   Utsunomiya City 133 1997 

   Chiba City 132 2003 

   Saitama City 392 2001 

   Tokyo Metero- 

 politan Govern. 

(total of 21 wards) 

4,866 1980 

   Kawasaki City 231 1996 

   Yokohama City 3,037 1995 

   Sagamihara City   5 2011 

   Kanazawa City 327 1997 

   Nagoya City 607 1996 

   Kyoto City 587 2004 

   Nara City 160 2009 

   Kobe City 437 1996 

   Oita City 252 2003 

 549 

 550 

 551 
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 568 

 569 

Fig. 1 Map of Japan and the seismic center of the Great East Japan Earthquake (M 9.0), which 570 

occurred at 14:46 on 11 March 2011 (modified from Japan Meteorological Agency 2011) 571 
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 587 
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 589 

 590 

Fig. 2 Recent big earthquakes that have occurred in Japan (modified from Asahi Shimbun 2007a) 591 
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 604 

Fig. 3 Water demand phases in earthquake disasters (modified from Research Committee on the 605 

Security of Water in the Great Earthquake Disaster 1999) 606 
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 625 

Fig. 4 Target amount of water supply in an earthquake emergency (modified from Research 626 

Committee on the Security of Water in the Great Earthquake Disaster 1999) 627 

 628 

 629 

 630 

 631 

 632 

 633 

 



19 

 

 634 

 635 

 636 

 637 

 638 

 639 

 640 

 641 

 642 

 643 

 644 

 645 

 646 

 647 

 648 

 649 

 650 

 651 

 652 

 653 

Fig. 5 Schematic diagram of a deep well facility with a membrane filtration system, introduced by 654 

hospitals in Japan for disaster emergency (modified from Tanaka 2011) 655 

 656 

 657 

 658 

 659 

 660 

 661 

 662 

 663 

 664 

 665 

 666 

 667 

 668 

 669 

 670 

Fig. 6 Panel indicating “citizen’s cooperation well” for disaster relief in Kobe city (modified from 671 

Research Committee on the Security of Water in the Great Earthquake Disaster 1999) 672 

Citizen-owned and company wells can form the basis of a cooperative during disasters 673 
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