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LONG-TERM EFFECTS ON EARTHQUAKE DAMAGE
OF WATER SUPPLY SYSTEMS
——SURVEY AND CHARACTERIZATION—

By Hiroyuki KaMEDA, Masata Sucito, Hisao Goto and Hifoshi KANDA

Synopsis

Seismic damage of water supply systems for various cities have been surveyed with
emphasis on its long-term effects during post-earthquake periods. The long-term effects
are represented in temrs of the time variation of water leak, number of pipe repairs, and in
some cases the cost of repairs before these indices recover to their pre-earthquake levels.
Comparative discussion is made between the cities with various system conditions and
different soil conditions.
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Table 1 Served population of Sendai water supply system and its regression on time
data (persons)

1974 | 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 | 1985

537785| 553970 | 589667 | 603294 | 613695 | 621898 | 629295 | 636843 | 644182 | 650914 | 659335 666594
y=—237,240410,749x (x=T74, 75, ..., 85; fiscal year)
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Table 2 Evolution of the total length of water distribution pipelines in Sendai
data (m)

1974 | 1975 | 976 | 1077 | 1978 1W9|1%o'1%1}1%2{1%3 1984 | 1985

933336] 10109181 1065252 1143388‘ 1220379 12878181 1347735! 1414678] 1458603‘ 1502199 1528434/1570867
y=—3,420,539+59, 256x (x=74, 75, ..., 85; fiscal year)
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Table 3 Amount of distributed water (original data; Sendai)
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(m?)

Apr

May

Jun

Jul

Aug

Sep

Oct

Dec

Nov

Jan

Feb

Mar

1974

4670209
3699111
971098

5170387,
4161375
1009012

5187566
4388460
799106

5732477
4559586
1172891

6181961
4721150
1460819

5695066
5130486
564580

4520070
1091908

561197855168568
4505011/4059809

I

663557

5404466

1344657

5439277
4193915

5066805
4240838

1245362 825967

5362138
4128890
1233248

1975

5116417
3906703
1209714

5427011
4522908
904103

5501626
4516709
984917

6266827
5161217
1105610

6462713
5413804
1048909

5972294
5859234
113060

5671712
4983323
688389

5346765

350088

4996677/4516731

5444368

927637

5682510/5524466

4602741
1080769

4872983
651483

5606564
4557599
1048965

1976

5493681
4531744
961938

5823466
4783346
1140121

5905237
5033895
871342

6555826
5392576
1163250

6131730
5441616
690115

5787336
5585569
201767

5686269
4945335
740934

5329816

322134

5007682/4660780

5646332

985552

6839054/6284773

5195722
164332

5292137
992655

6335086
5088794
1246292

1977

6146826
4720253
1426573

6410650
5040327
1370323

6440548
5112484
1328065

7349541
5618696
1730845

7028798
5814938
1213854

6445660
6132075
313585

6682292
5261891
1420401

6272676
5501239
771437

6450526
4870103
1580423

5764571
5098277
666294

5983507
5168264
815243

6119447
5183853
935594

1978

6235172
5071677
1163495

6564283
5192526
1371757

7152386
5671374
1481012

7712820
6288986
1423834

7288291
6637555
650736

6486525
6424230
62295

6525316
5758213
767103

6270417
5630877
639541

6465086
5332624
1132462

6121615
5260087
861528

6069633
5237959
831674

6756157
4789602
1966555

1979

6107255
4896604
1210651

6663689
5309011
1354678

6893220
5662739
1230481

7053857
6013204
1040653

7176308

976509

6574068

6199799%270235

303833

6591387
5741517
849870

6087932

5645555
442377

6626663
5385895
1240768

!

643618216273318
5301524/5425371
1134658 847947

6469617
5147638
1321979

1980

6259801
5124016
1135785

6722248
5326431
1395817

6729066
5733379
995687

6840877
5937329
903548

6666743
5834165
832578

6728045
5936172
791873

6637252
5647598
989654

6303218
5640844
662374

6536682
5387051
1149631

6551494
5352037
1199457

5951486
5444923
506563

6640074
5329686
1310388

1981

6397942
5227320
1170622

6664502
5503931
1160571

6572129
5711150
860979

7714311
6108631
1605680

7514145
6437325
1076820

6886731
6533206
353525

6848851
6000031
848820

6423259
5927475
495784

6717903
5623191
1194712

6523469

6340932

5569368/5698947

954101

641985

6762399
5471627
1290772

1982

6543621
5454112
1089509

7118788
5842412
1276376

7120481
6185325
935156

7438431
6431867
1006564

7563035
6377571
1185464

7052826
6594418
458408

7168477
6157138
1011339

6731864
6211307
520827

6969180
5694557
1274623

6690047/6397116

5706715
983332

5823471
573645

6941542
5612304
1329238

1983

6887074
5613321
1273753

7296782
6085952
1210830

7104497
6211993
892504

7533653
6408193
1125460

7822151
6619659
1202492

7383578
6964881
418697

7390720
6286916
1103804

6920497
6286512
623985

7179253
5879445
1299808

6853751
5965547
888204

7058489
6186991
871498

7153453
6234356
919097

1984

7075418
6078788
996630

7361370
6125364
1236006

7441820
6305551
1136259

18040007
6602203
1437804

8398701
7140972
1257729

7428813
7338822
89991

7457124
6591699
865425

6991165
6586889
404276

7361088
6015290

1334549

7743684

6409135
1334549

6907307

6732072
175235

7542475
6174412
1368063

1985

7150849
5773488
1377361

7696587
6286654
1409933

7583629
6623306
960323

8649262
6955604
1693658

8761300
7324471
1436829

7780243
7640799
139444

7681000
6688355
992645

7252620,
6728188
524432

7506634
6175492
1331142

7255676
6185741
1069935

6984093
6483020
501073

7188368
6369894
818974

upper ; Total

middle ; Effective

lower ; Ineffective
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Fig. 1 Amount of distributed water (original data; Sendai).
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Table 5 Effective amount of distributed water in
September 85 (corrected harf a month)

7/1 8/1 10/1

7/16 9/15
district No. 1~4 ..+ | : | — |

7640799m3 6728188m3
data of effective in November
water in September

8/16

9/1 111 12/1

.........

No. 5~-8

.........

6688355m3
.m Octobe_r

e
Corrected effective amount of water in September is
7640799 +44-6688355 +-2+ 6728188 +-4=6936424. 3m3
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LEAK RATIO
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Fig. 2 Amount of distributed water and leak

T Table 5 ITR7, ratio (corrected ; Sendai).
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Table 6 Number of repairs of buried pfpes (distribution & service; Sendai)

Apr | May | Jun Jul | Aug | Sep Oct | Nov | Dec Jan | Feb | Mar

1974 | 1229 | 1136 | 1193 969 | 1539 | 1049 | 1127 | 1337 | 1229 | 1207 881 993
75 846 598 559 829 665 717 721 753 940 | 1495 | 1148 819

76 719 734 857 761 739 775 697 781 917 | 5228 | 2296 | 1242
77 817 847 856 995 952 878 890 871 788 774 | 1462 961
78 838 | 1070 | 1646 | 1671 | 1192 | 1148 | 1096 | 1045 | 1197 | 1003 948 | 1143
79 898 913 | 1023 942 927 876 763 873 | 1077 877 992 | 1111
80 | 1099 910 843 965 1067 | 1297 | 1089 1060 | 1087 953 900 | 1162

81 989 768 930 | 1043 | 1070 | 1247 899 790 783 904 983 881
82 760 719 880 903 877 994 975 945 834 685 847 973
83 731 663 640 714 797 | 1023 844 789 830 | 1144 | 1676 | 1060
84| 1084 863 706 920 804 830 958 901 939 | 1224 923 783
85 800 695 668 792 | 1015 876 961 847 821 735 890 818
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Fig. 3 Number of repairs of buried pipes (Sendai).
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Table 7 Repairs of leaks found out by Table 8 Cost of repair materials for water
leakage-detection teams Sendai) distribution pipes (Sendai)

Tl R | o T raportin et cost_| price index | e

1974 | 13959(125) 842( ) 6. 0% 1974 10368 1.000 10368
75 | 10900( 93) 1005¢ 7) 9.29 75 6704 1.118 5996
76 | 15746( 93) 1051(¢ 3) 6.7% 76 14247 1.222 5486
77 | 11091( 80) 1171( 14) 10. 695 77 11185 1.321 8467
78 | 13997Q177) 1576( 35)* | 11.3% 78 9335 1.371 6809
79 | 11272(132) 1169( 18) 10.39 79 18566 1.420 13075
80 | 12432( 71) 1132( 8 9.19 80 13461 1. 534 8775
81| 11287( 74) 1167( 13) 10. 3% 81 18687 1.590 11753
82 | 10392( 23) 975( 17) 9.49 82 16621 1. 652 10061
83 | 10911(166) 833( 7N 7.6% 83 18893 1.683 11226
84 | 10935(178) 1035( 21) 9.6% 84 29651 1.719 17249
8 | 9918(608) 814( 6) 8.29, 85 29911 1.755 17043

« Numbers in parentheses indicate distribution
pipes

*The # of leaks found out by the leakage-
detection team immediately following the 1978
Earthquake is 288(24)

million yen

20.00

BETEID, EAE 1IKm S7ch OfBERE LT
oy b L7bD% Fig.3 Kxd. BHA2ED
1~ 3 B3R EosIERICEE LT 388,
CHRERERICAELNICC LHERTH 5,

16.00
T

52% é: LT’ ﬂh ﬁﬁi‘ﬂ(ﬁ% ai E[ tﬁb) B (}Fﬁkf‘;}ﬁﬁ 173 earthquake
ZEBLTED, FHCEKEORRERE S/ N 7R I TR A (R R TR
@DT% Z &%ﬁﬁﬁlt, ﬁﬂ(@i%%%bc%bt fiscal year

| . Fig. 4 Cost of repair materials for water
Who T, EKMER, #HKEE TEEKOD distribution pipes (Sendai).

d, CORKREICLDRRES NI ossE
BLELO0FRBESTTNTED, Thid, 2ROEEAKD 1 BREECHEY T 3, <O EHE%E Table
TITR Uz KEROELEDHE T, KEXEEDS BE| ThD, RABLEEELT 2, HIEED
KB EHLTHAKT E0EHRIZIR NS Y 2ORBETHEEDTETH o0 ZDOERT, MEH
2, HBRKEEZDICIR PP E0T, B LEBERSMOBEH W12, BEHEE) 2H~
TESHEDITIE T B,

3) BEICELL-BH

TOF—=ZITDNTIE, BE? PEATORERELT > B, BEEESRD LDV EDREL, &
FHLUTWL EVAEEET - CF -2 ZRE LD TH B0, (IETOEAICIEESAXL, AoRE
ZfT5CERTEIRY. 22 TR, AT KEROEBFICET INBEER IO TOBERICE ST,
BHZET 5. AP TLHRE LORBEOEREND - /272, 124EH—B U THETE 303MEB0E
DHTHDH, THi Table 8 ITRT . 3k, 12FHiIchc 3YHESOFBLBRET 2720, HBEY
fEfe¥ eesRE) %=L, CHTERLLIZSDE Fig.4 ITRL,
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2.8 &
1) #EkE
Fig.2 K Xhid, HBERICENKESELL

Z

Table 9 Number of distribution pipe breaks
and their occurrence rate

1. Sendai

(a) Leaks observed on ground surface

AT 2L - LI BNTHLTS, 20 — : -
BENEEICE TR, BEALEONIVET diameter of pipe | 150mm~ | ~150mm ] total
HBo PR, KEWEZIICHEIKS, R 16 | 19 | 215

HIR B EOEEIFT 2K E UTREECE
NTZRVESTHBE. AT, iEHAERY

(b) Leaks found out by leakage-detection

teams

HHESE LT, WBICLS 6 ALZHRS 6 A0HE g0 her of pipe | 150mm~ | ~150mm | total
CIRARIZ, 553,290m® GH Y, CHIIEHES A
OEAKE 7,152, 386m® DbHIHT. 7% T LD 9 3 44
LN TEHHBHEORENEERZENIVDIYT total
550 diameter of pipe |150mm~ | ~150mm total
CORRICONT, AMBONHER, [HA | length 580821 | 562567 | 1143388
SEIE BN C & BT ET S ks O length(m)
BERTH- ] LB LTEohic, 22T, # of breaks 25 234 259
BITHBRBERT, BEWEOEBRENSBAD br::eak sccfreﬁlce 0.04 0.42 0.23
5, EAKELKICED 3O 150mm Pl o o oAty
PR LA L, ZOREERIoVT he 2 Noshir
NE~N, MEEIYN ) ORERE LT Table 9iC diameter of pipe | 150mm~ | ~150mm total
AU THIRENE, ENENEHTOHEDK  total length(m) 49397 96475 | 145872
EDIE- 2D EERNTNS, IETHIRBNTIZ,
f break 86

13E AL B 150mm T OBEORETH D, Hk i;&fi;wme || e
TEBOTIE, EE50HERIKEV. /25 rate (breaks/km) L7 ’ 3.9 ’ 3.19
BEHICBN TR, BEERIIETICENY, K 3. Oga

&= N icd=4
DEBRNFREEH -T2, diameter of pipe | 150mm~ | ~150mm total

2) BBEEK .

Fig. ICXnud, EEARORBIELTE, oo orethim | 6197 | 107353 | 172690
WEBOBESEN TN C ENAME. HEIsE 4 of breaks ] 59 49 108
BT —7 2R HEIBED 4 HtE¥ CR%  breaks occurrence

rate (breaks/kmy | 0-92 0.46 0.63

BlnTED, M0y A2hd TFBRLTV AT

HBo 1 & 883 ikid, VTNORHCHEISHAL T2, BHBEHEOC -7 B3I dEZZRALE
XTHHOILHL, ©—7 OEBOTZHY, KRHOBALERDENLE T ->TED, ChimBEREED
RENZELRTIOEELIONS,

RABRBBEAERA LGP > 72D L, HBEBESHTOIHMUIC EREBICETIRRTH - 70
CDERICOVTE, ROEIICERT. £F, IAETOWKREDT o v 7 kEHELWTED, 0
HIREISAL A RIRIC X D, RORDEKED S ORAKERRICB T 12 &85, TKDBHILICRIL » 720 A
T, HBHIANETABRIERNICEE LB LEEY Ic kD, 28840 FRASRESH, HEL
16,400 m3 / BOR/KBEEBFILTE 2 & (RFHRTHORHESEL THEE U7z 53 46 A ok &iis
3L000mé/ HTHY, dUSRABERAEBLFNIIABELZLMEKE T3P THSB) biEK
ZHILTE 2 REBEREL o720 £ LT, COfic, BEL ST TWERAKELEICE-Th, HERiIC
i, BREORBRERAINS - LBNTOIRTHS I %S OB TFRABRRES O, BEIN. 5 UTRAK
BREELASHMUIE»-720ict L, ZOBEEDE I, HHOBMITIE - THRNDTHA5,
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(3) EEER

BEERICOVTRE, EFBEGOF—2 LB ok -hs, O Fig.4 2RAIROTIE, HBLEE
DHOoNEXIBEEREARENLS>TH S, HELHA TR ET B30T, 2437 B4EL5
EVSHTEHEL, SHICERLTVASDG, KiCHRBREEENS B EEL SN,
PEoliatHoBELRICOVTIE, RETHORMH, FICEHOR > THEHER, BEOZEHHEOL
BEVWSBALOERETIR, W O2hDOLhEBRTAF—2%525RTCEILT 5,

3. EEREROBEOEFIOLRCET IR

3.1 1% 5
FREBEBRIHBHELSSY, BERUBEETICRALESE, 8K, REILZROHOLATNS
TRAEES—HGEKEET S L5, SEEIADYE, HPMCLBICEKEBETA L ENEHTH b0
Z LT, MHREAERICOOTIIZOBEK LENSBRAICEBRL TN LW &EMEShac ticis
B350 W-T, HEK, THEOMNDS FKEL—EOEIEEAIEETS, BWKTAHPLRS TS

OWBEFIBELTEY, SLORKREEDLETHRALTOEEVSRESTFRITE 3,

Fig.5 13, 1983FHAMPIHHR THELZI AN LAE Y X 7 A1t20 T, HBROEIREREEE
KEDOREADSRLUIZDDTH 50 BHBDOBIRILICE D A SIHEEZ -8 LEKERICO 0TI
Wik U CBEEZTISY, HBRIEAREC6 H 8 BicEKEEE Lz, 21T, 6 A0HICIIATEKICE
S Tchs, Z 0% SBRBEEFOEEEEY, —SOBESTET LDRE6ARTH o LOLIEHS, o
BB Td, BKBMEBYEOTEEME W1L.0GL/H) OBXZ6EELEL-TED, £BED
RKERBEIZEE L B> TOARESHEINS,
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Fig. 5 Record of water supply for Noshiro City before and
after the 1983 Nihonkai-Chubu Earthquake.



132 .

AP ERER H305B-2 AE62. 4 (1987)

MRz A CEIR UIoREE 12, CORABRIHBLAIOMBICE TR-ETH 200, Z0%, B
BEFRSED LS IKEEIN, BEKEBEDLS IR LTOL »EBIYT 2283, HBHEEELRAHIC

HAET 2 ETHIERICERENDDTH 3o
ZDXHEREEL D, Bll, HBEEERENT
LR APEAIREBINS LS 7o AETR,
4%, Isenberg®, BAY OHAISVTIN%E
BATEEEDIT, F2ETRELIATOHE
DOREEDHEEVHSBEDLLERET 5,

32 f& R
19834E A A h iR Ic X AN THEUK E O%E
12466 DD, RBEBISEPRRHGE & -1 OPHE
OHBEEFICBNT, £ OBEIE L. £2OW
Bit, ARETOEROYA, BB TREREY
TOR. WAL, HHETCRRFBOKRY, BWiE
EMBED -0

ZUT, BE? KL ARFENEEEEZR UICER
HOMBGEREREFL Figs.6,7 1WRT,. Fig. 6
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Fig. 6 Amount of distributed water leak
ratio (Noshiro). ‘

breaks/km
(=]
wl
ol
~r
2ol
§ - ]
o | total
[=] ™ h
gof i
L /distribution
5 &
of ,I service
i |
- average(1980.4 ~1983,4)=0,128 : '
R fl \
of / . \ YA NN A
RN AR NN ENREN RN ERNERER 3 E i BT X
S¢ 10 4 10 4 10 4 510 4 10 4 Hﬁlob T
1978 1979 1980 1981 1982 1983 1984 1985

earthquake fiscal year

Fig. 7 Number of repairs of buried pipes (distribution & service; Noshiro).
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Fig. 9 Number of repairs of buried pipes (distribution & service; Oga).
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Fig. 10 Leaks in water distribution system, City of Coalinga®.
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COXF ¥t FKEY 2T & OREHFELHET 2HEE LT, KEOHFH O ORUKKBROHEE %
BHYBRE U1 Tk Fig. 12 ITRT, WS, LRI DEHLEE L TOAIUKKRD, HWB%T - &
BOMEE E DRI TOAREBR KD 5002 5. Thid, HBRICHIKEEEREL, BKICEDTH
B THBD, TOLERUIKRIR, BSEMEMULICENS TETREL, RKTHECERHLHTS
530

T2 HBHRE 1 ELS ULHPBODT, oK, RABEDLS KBP LTY L LIIRETHD, ChidR
FEMDINETATHZD, 2 FVafickTd, 5 LHBORENEEIELTHACT &, BH
T BERTH 5o

3.6 HEHLE

INFE TN LR EBHICONT, LAKEYRFLOHEE, BENE, 2L TF0OHBRELT D
T Table 10 iR U7co #BAAODTHE00ADIT Y VAT D, 1800FADA £ aHE ¢, FOHE
2 LETHY, BEORENEELELZETE L0 AHEOBRICHIE - 1B EHOHEINTH 5o

Table 10 Earthquake damage statistics of water supply systems

Noshiro(gg%) Oga(EpE) Sendai(fli4) Coalinga Calif Mexico City
(Dearthquake 1983 Nihonkai- 1978 Miyagi- 1983 Coalinga 1985 Mexico
Chubu ken-oki (1983.5.2) (1985.9.19)
(1983. 5. 26) (1978.6.12) M.;=6.5 s=8.
M ]= . 7 7= 7.
®served population 48, 000 28, 000 624, 000 6, 600 18, 000, 000
®water consumption 1. 0x104m3 0.68x10'm® 21.8x10'm? — 300 x 10¢m3
immediately before /day /day /day /day
earthquake (distributed) (distributed) (distributed) (intake)
(0. 21m3pcpd) (0. 24m3pepd) (0. 36m3pepd) (0. 17mépcpd)
®tatal length of 145km 173km 1, 144km 42. 8km 12, 500km
distribution pipes
®proportion of pipe ACP 482, ACP 569  ACP 49, ACP 482  ACP 9%
material PVC 289, PVC 292, PVC 289, PVC 19 49
CIP 59 CIP 6% CIP }620/ CIP 329, PC °
DCIP 16% DCIP 6% DCIP o WIP 12%
SP 12  SP 69, SP 6% RC 7%
PP 2%
®number of distribution | 461 108 215(259)* 130 7, 400
pipe breaks (those
found out immediately
after earthquake)
(@break occurrense rate | 3.2(breaks/km)  0.62 0.19¢0.23)* 3.1 0.59
®type of major ground | extensive local block failure — seftlement and
failure liquefaction liquefaction and dislocation large deforma-
in cut-fil] land tion of soft
developed for ground
residental -
areas
@Feriod needed for 19days 6days 8days — 40days
unctional restoration
@duration of long-term | lyear lyear about 2years —
effect from # of repairs 10 months
@duration of long-term | Zyears 2years no effect —_ more than
effect from leak rate lyear

*include the leaks found out by the leakage-detection team
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