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3.2. MEHFFECTORAZEE L BB LS 2T A DHESL
3.2.1. BMENHLET X T ADEARE

(1) BNLEA A > AT A O FEARF G

WAAKEROER, 74774 Ok, BEN T A%) ORARIZELMICHED Sz, B
IZBWTIE, M LBEEK ORI SCHE KGR O 9 H D D A U7 K EFT O AGIBRIZIRE 2 A F LA
Ly, Fm, HAERNO L FOXMBRNMETH oIz, Fio, WEEIRSEE & LT, #BHAT A, TK
HEEOEF A 7 T35, ZTOBMOEHHE S LEIBOBENNE L S5 257220708, LP A A, Al
DA 7 T1F, VA PGB ENTZZ LD, KECHLTHITHL EofFEfbshTnd,
Z ZCARBIZECIE, BEEETS ISR T D K ERF OB AR O X OEIERREOR Lo, Ko, L
PR Z s & LT HEAKR A~ 2 & FEIC . PSRRI & KPE b A L O A2 FTRE & % B E AL o 2 T
LDOEARFE BT T,

2TV BT ERES 2T A i, ERRCB DT OIS, TEBT A5 AT AERFELTEBY ., UL
TOMEEAETLILD L LT,

O BEEFTFEICIRW TR, BRI ABERE Th DI LR ORE L AL T 5 & &bz, D
HEREN /) TH L= r ¥ — () ZHMSHEREERM CHLI—V 2R —a VAT
L, BAFEE, KEDCREEFICE O HERT D,

@ HALRABEKOPAKE LTORTERZX Y | KPR K 2R $ 5,

© ERC. Al T OABKE 2 AR S, A O EERERE) /) TH D = R F— 2 HIET D 70l
REEERTSE IR, BIK B A LR & BKBERRE R T D,

@ HAFHEEST D0, A7 U —UFI K DIRAAMHIBIEREZ AT 2,

AWFFE TR T 2 BN G U S 2T AVE T DRERCEERIZOWT, EMEF RO - Fid L, e
PTEAR D B A EAE OFHIIE B IZ O W TG 21T - 72, BB ER R & LT, K3 E, |
J1IFEIX, REOFRERLZE LB IHGIIIRAROZEEMD LI L R[N S 570, 2 A b
EEZDEHMERIIRNSEEEZEZ 6D, —FHT, 23—V xb—a VAT AT, &G EW
IINRMEITINZ, BREFE LTLP A, ATHEZMHEHT 5 Z & T, BEERZRICHFIHTE DA gEMED m
EBEZOND, BN OWTIE, BTN THEHT 2042 67, SO 7 e 2 2BV T
BRI L2 2EXR, HIelE b, FRIE OB B Zh3Ra 7R MBS X7 A E ST X 5 THEMEN
BZ O, BEsOBREICY - TlE, B AL ORER SR 3 L O RO BETH /N7 v A
EHEE LT, KEtsE, B EZ LEIZL U CHBIMICERT 5 Z &, BEiTcBT 2 Bi72
TRV —HERINTRE L T2 DB 5T, EHIFEO T XX —RAENRER KT DV AT A Hatd
HZ kb LT,

(2) BEFEFTEA~OHIK b1 L OB ANIZBET D5

KBE N A VIZEBT 2 HKEROBLEN D, BEEEFTEA~OHIK M1 L OB AIZET 25217572, BE
FEWFFEAAE L, AP R 2 E L2 2 A, 1, etk 1,09 B A - B, #EHt/N 5. 39 [A]
SN H (F83-3-1) EHELTEBY, E5IC, ZOFNETNOYMEEICEEFEA My 7 THDH A L &
ik A LOWEKEZFR U b VHKEZ HEE LRI, £ 3-3-212-7EY THhd, ZHITEL
D, ik LULEZEATHZLIZED, 43. 20 KNENHFHGTEX L LEZ DN,

BEEET IRV TIE, AETROEE. BEEOHEHABROLN TS TH, b VHROKEHERZ
ZEMTRREIND, DD, FRIKWE M LEFEKBIZT 5 Z &1k, HAKRDROERKIHFEIND,
Fo. ZOHIK M LOBEANIZL, T, BEOHEIC T 2K EAR OIS XY | EEEN
BT DG = NOFBRRKEZRET D LIcb b, TOH, BEHETEFIC, ZOHK M L
AT D EiE, KRR E PEKABEUK EHIROWBE N S/ TH D EEZ L,
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# 3-3-1  HritEEK
BEitt K BEit s
BERN BTSN &t BHER BES &5t
&k 078 0.31 1.09 2.83 2.56 5.39

e 0.78 0.43 1.21 2.23 2.98 5.21

= 0.78 0.15 0.93 3.64 2.02 5.66
(E/A-H)

#*3-3-2 f(EaROIEiKE

BERNyY Kk AL N
T w e e ua o wao - HIKE
TRKE RBEKE RBEKE EREKE (%)
(L/[aD) (LA-B) @E) (L/A-H)

X 10.1 11.0 6.0 6.5 —

I\ 8.9 48.0 5.0 27.0 —

H — 59.0 - 335 43.2
F o, BiKBEERROE AL, %R T D BEETEGIRIEAE AW T8 b3 2 LB =R ORI H %
B3 52 B3 EBEZ2 N5, BOBEEMEBRELZ, —IC, gKkOEREIZE, mKRELIZIHVVERR
EETDH, TDD, HiKEZRE AN XD PKOEKE - SEE(LIL, BEOBESMEETREZ W21 E

e DA bEE LT, AITHDL EEZI LN,

S BT, WEEETEICBIT A HIK A VO BRALIL, BEEEATSE IR E T A LA O MU (JLBREET))
ERETDHIZE70, B ~ORAKE, MAKEICEELZ RIETT I ENEBEZ LD, BT
IRV, RO R RINAEAEB LRI OMAKE, MAKEZEE L ABREICAETLE
Db EZEZ BN, &I T, BHIEICKIT 2 FENMICOWNT, RETET-o7,

BEEEY) D BN X 2 BRIREACAE O G N BREFRAE (JIS A 3302 : 2000) (ZIU\NT, BEEERTSE
Lz b UNER) ONBEEIL, ROLIITRENTWD,

n=0.20XP (n B SRAE, P :EB (N))

[UNERE ) DSREEERT & L CHRE SN D %A. Pl B R RINEABENELY THDL EEZLND,
—J5. TEZE O BN & 2 BRIRIELAE OB N B R ERAER | o THEBA Y720 O5KER X
O'BOD &1l 12k D &, VN OJFAKEE BODIEEIL, KO L HIITREIN TN D,

{57K& : 50 L/ A\-H., BOD J£ : 180 mg/L
LU, b ORERLYE - [FfEH 1Y 1K D &, FARDOIBEKOFME LT, KBE, hEkETHD Z
EERZFFTEY, 52, FREPEKRBIRA LRV ER TIXRATG K O 23R FE NIRRT MBS 72
L, LR SN TWD, T, EEEERHICE O T, FROTBEKOREARK L., X 52, FENME
HAEanBnZ EABEL, JEKIE M VKO EREL, b VHEKROFREAMA Z#EHT 5 L, kD X
TR D,

75KE 50 L/A-H. BOD J&F . 260 mg/L

ZDOFHAIZ, BiK A VEEATHZ LT, 4 TRENTZ43.2 %D bA LIEEFKENHIRE NS
LBl ROX DD,
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75/K& 28 L/ AN-H., BOD &) : 460 mg/L

UL2> L, BEERTSE <k, IRELHI D, BERIENE T, 207 =— X2k, PkERR/LDZ LN
HESND, £ 3-3-3 IIBAMREE KRR 2T OKFEOEEZ /R L TR Y | IRELH & ik
LT, ZEBIEY TR 2 EDOKBEND -T2 Z L Ma 25, SR, ZHUTE-> THIKE B RTS 2
ED, BRMERFHIEE L TE. 2o ORREBEIZAN, BHERTEICK T 5 ABEFEEIZEIT T %
ERbDHEEZLND,

# 3-3-3  REEEFT O KFEE
R EER HAR AF

RELE 7 2 7 16
RaBEH 10 4 9 23
2 ERUEHA 13 7 12 32

Hfii:L/A-H

(3) MM I 1T 2 ¥ LAl DIR/KIEAL & B E

EIRIEN O—FREIZFRE STV 2 LA OB LA NZKIR & BRKE 234 U7/ X 3-3-1 12
AT EBYTHD, ZOMENDL, 1 A~3 AOAHIMIZB W TIE, HERENI/KIED 10 C% FE 5 B
DFEE LTz, F7z, B/KIEHIMZ Pois, el o+ 2R EREABE I N RWEELH L LB XD
TS, BEAERFZE 10 Cik, KB, 27 L b, BKIRBIMICE O TEA L TV ARTIEAR <, KR
ZENZ D, EKE OB H 5 Z L 2R LTV D,

ARFFECHIE LTV D HLIEBRBIE LA S 27 ATl ¥ LRELERK & K3E A Lk (hk) (12
FERT 2 Z L 2MELTWARYD, FiC, BE L TERERMKEEZBLIVNEND D LEZ LN,
Z 2T ARBFE I, b OERERE ) Th HE & BB RERIE CH D LP-a—Y = R L—
arvVATLAERHAT A LICLY, BifE GEEEEITSEIEMHN) CORBELAREICTH L LI, £
OHEEREFIH L, LN K ZRIET 5 2 L 2B 2 T\ 5, T ORIRIE, EH BN OB/KIERHR O,
KIBEEZ D<M D LIck . HLHONENKE 2 LE L CRIFICHRSED Z LT8R L5
2D,
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3.2.2. AHKDKGE MA VEEEAK (HK) ~OFNERICET o855

POKBERHO IO DR VR 7 &5z BV KR O KRGE AT~ S 72012, BEs%Eb
FEDMEKIZE £ D RIGHEEZ A LR RIX, £3-3-4 G H) BXUFES3-3-5 (11 A) Ttk
D ThHD, ZOREND, 5 HOEENAKIRD ELERR R OERE] (F) 19.3°C) Tl ABKF ORHE
WRBEDERHENERICH -T2, THUTEWVKIRIZE Y, HEEEF OB EAEn L= &
WCkpEEZON, 2k, BREEFERBREO S W TIX. KIFEY v olisk b BT Havi=as,
R DFRE IR, KRBT TOEM~OERZELHIK O AR 2 PR BRVERR I B %
KETZ bS5, —J, 11 ADORERND, LN KIED LERIR OB (F%) 17.6°C)
TiE, EVKIRIC K Y HEESEROEEME T L2Z L1k 0, BEEREE MU BRE S D
MZd o7, REEREENEVERICBN T, KBFEErOR b H o722, @ik GERERI KR
HENTND) SN TV DERICHE W TS, FRFERMRWIERICB W TIE, KIBEERIZR D
Z NS T,

%394 BERHEMIOLIEAIC & 5 KIS X ORISR G )
EHEAAS Sk E LK E RELR ANGRE NGEE ABE

No. “are g BOD T-N SS RE (Deso) (ECC)  (ECC)
°C mg/L mg/L mg/L  mg/L CFU/mL CFU/mL CFU/mL
1 3/10 19.7 13 11 10 20 2 0 0
2 2/8 20.6 3.6 55 20 04 0 0 0
3 1/1 20.0 33 52 15 1.0 0 0 0
4 7/7 17.5 8.5 22 5.0 1.5 0 0 0
5 2/10 18.5 45 16 20 2.0 0 0 0
6 4/7 22.6 40 26 13 1.0 1900 260 4
7 3/7 20.8 1.9 6.2 0.8 3.0 0 0 0
8 2/5 16.1 43 78 125 0.5 20000 17000 15000
9 3/7 15.8 48 23 40 3.0 0 0 0
10 7/5 21.0 36 46 13.5 0.05 270 180 18

%% 3-3-5 PR LA O KICE EN D KIBEE (11 H)

I KE BRE: NGRE ANBRE AbE
BOD T-N SS RE (Deso) (ECC) (ECOC)

N, EEMAAR HEAAER

A B

/HENE °C mg/L mg/L mg/L me/L  CFU/mL CFU/mL CFU/mL
T 5/10 195 6 99 93 04 76 44 15
12 5/7 17.0 47 29 44 10 0 0 0
13 3/7 18.0 16 11 24 15 10 24 0
14 8/10 24.1 65 19 17 005 150 140 26
15 3/7 147 95 10 64 02 120 73 49
16 3/7 16.0 60 65 43 005 2400 6400 110
17 4/5 175 17 25 84 01 20000 1100 37
18 6/8 165 26 39 92 15 0 5 0
19 5/5 154 84 24 29 005 260 300 25
20 3/5 17.0 18 40 13 005 760 1100 26

I, EHRIL & RIBIRIZ & D VAR 2 fisg |23V T, RO BKE . KIGEREEE LUK
HEZRAZLE LT, A LEMARIT, K332 TLB0 ThD, ZOMRND, 2k b, Bl
1B, BHEREOREAEL STV D RIGERFE & LT, M LEEHRK (HK) AL STV DR
T, PETIIS 505 ST,

ERE. 20 fligkds KO 2 ek O H AL DORERN B, HLRELEK 2 b A Lk (Fk) & LTRIE
MT27DI2iE, ZORBGFEEEZE0ICTORRPERETHL LE2 N, £, A0l A L7
BT, AEUKE & RIBR RS J ORI E IS IAHE LA BRIERE D b e o T,
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TR E R CTE 2 2 EPHER SN2, IR L 0 B~ = > F A2 40CE T LR S5 & NH,-N
DEAET DN bz, KKIETOEMIEEO L ZTET D201z, REMIZ, KKIEIZBT
HEHAETETEZHIE L7z (K4 3-3-6) , KR 13°CORF & T, K% 20C, 30CIZ EHSEDHZ LITLY,
NI, MAEIEYEE 15 %, 17 %EINL7z, L2vL, KiE%E 40CETEAIES &, MIEHEITE LL
KTFToRRERoT, ZNHORERIT, —MIZ, MEIEEO EBEEE N 30CHiE Thd I & & —HL
TEY, 2, ZORERND X 3-3-4, 5 128BIF DKIE 40°CTD NH,-N OFEIFICE R - T- L& 2 bz,
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X 3-3-6 #/KIRIZEIT DM biENE

T-NAZB U Tid, BLERISITHEITE T N0,y N B FRFT D721, BWEDSF S v, T-N 2380
L7edno 7R R & xR E L ORI, £ 3-3-6 |- T8 ThHh D, £/ KREBRDIE B~ => F 3.0m’,
R =y b IFRAKEEZET) 2.7 n* & BEIEICHRET 2I1I2E, NSWEETH- 722 & b
Ro—EE2 BN, £z, Z0FK 3-3-6 TRLUEMKOFEMIL, Wb, BT X—HlE
WCHENRDLHETHD, 4%, EAT— OG- B L X, 2o ONEEZEICAN, H#Eik
FEORECE KD NERNH D EEZHND,

#3-3-6 T-NIKHO - DO & Rk X 3

X EREMED=I

R HEAE BAT < ERE
WA HORE - FRXEEE o FREEDH
R A R Y Ao totd ﬁiﬁgﬂgg’; B ok AGESR
HERERE XUETRITOR RS - 1P A D S B
o R N ERE -t - EoRBEERDAHE
BERSTR FoRBEOBEIL o paaeitix

ERe, BRI BT 2 HKERIH O 7o O O KB R EE~DOE A ML, #* 3-3-7 (o= MY
AK) BLOFE 3-3-8 (EMRT=y MOK) IZRTEBY THD, ZOMENG, HEKEFHOT®
DOKREFEEIZR LTS, MABRBERZ LD, ERTETWAZ EPER I, 2 Xt & L
W L DHEKAEECIL, EERBRLG ) DT O RE 2 R T 5 F TOWIMN IRV & W S R &
L0, Bt =y NEHWDZ LTk Y EEFHMAEZ LV . POKRERAICE LA RARETh D
ZEDBH LN TE,
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# 3-3-7 PEAyEE = M OKOFKE BEKEFHER)

ZEBa%A) 1 7 14 28 56 84
is )

R

B () Abs.390 1 17 15 13 13 15

B () Abs.660 5K 5K LS ] 5K 5% LS ]

KEGHE (cfu/mL)*! 0 0 0 0 0 0

KEZE (/100mL) *2 N.D. N.D. N.D. N.D. N.D. N.D.

X1 BREATRRIEH(ECC) X23Y5—k

#3-3-7 IEMERT =y M OKOWMEKE (PEKEFHAER)

il =k {q=)] 1 7 14 28 56 84

S # 5

B

] () Abs.390 0 0 4 5 7 6

B FE () Abs.660 5K 5K 5K 5K 5K 5K

KEBHE (cfu/mL) X1 0 0 0 0 0 0

KEZE (/100mL) *2 N.D. N.D. N.D. N.D. N.D. N.D.

X1 BEREEEREM (ECC) X2 aY5—

(3) T 4 AR —VEAZNFIZ BT Dt

B S ARERA LA o AT M T DA ZH O « JHE - REORGTEIT O 7o, RBRCIlIEH ., 2
ﬁiiﬁ%&ﬁbxﬁﬁﬁﬁaz&) AATEVEIN L, 72, A7 U= i@@ﬁbk@@ii
FE, 65 CIZEBWT, #ESH, 2@ IRV HL, ZORBEESIOEEZAE L7, BU LA
THONB K 3-3-T RS, TORKIZ, BN LZAETHREL, S35 LET7L—20RERD, N>
KU Z7DLBW, BRODIpNWETHER-T-, Fi=, 65 CIZL DD, 72N RES% S LK
LTWbEEZLNT,

INDHREUTA T HOWRE - AR EFHE LR, K3-3-8I1RT8Y ., #ALTAEEA L
W2kt LT, EEH T 80%, AFELL T T4% D4 ZHHIBEW RN H - 7=, fERIE. BRI P O TR LT
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9. TEIUHEE

Title of the research
“Establishment of a disaster reduction oriented decentralized Johkasou system”

Representative of the research:
Yoshitaka Ebie (National Institute for Environmental Studies)

Collaborative reserchers:
Keizo Niki (Japan Education Center of Environmental Sanitation)
Hiroshi Yamazaki (Ibaraki Pharmaceutical Association Inspection Center)

Abstract:

The Great East Japan Earthquake has brought about enormous damage to wastewater
treatment facilities. The purpose of this research is to help make Japan more robust with
decentralized wastewater treatment technology “Johkasou”.

In this study, development and standardization of earthquake-resistant construction and
installation techniques of Johkasou was conducted. Based on the damage data characterization
of 22 types of Johkasou, distinctive features of damage were found for some types. In order to
develop earthquake-resistant techniques, Johkasou model was used for the experiment of
liquefaction. These experiments revealed that appropriate compaction of soil and some other
installation techniques make Johkasou more earthquake-resistant.

In addition, energy and water independent Johkasou system for refuge was designed and
developed. The recycled water may be free of Escherichia coli according to standard for water
recycling, and membrane separation was selected. Our system consists of screen unit,
membrane separation unit, activated carbon adsorption unit, and cogeneration unit. Effluent
water of this system meets the standard from the early period of the experiment even in the low
temperature experiment. Loss of weight and volume of perishable organic waste such as kitchen
garbage was separated by screening and drying to ensure long-term storage. Simulation of
electricity and heat balance revealed that drying perishable organic waste, warming up
wastewater in Johkasou can be achieved by use of waste heat utilization in cogeneration system.

Mathematical model was used to show optimum way to transport human waste and
Johkasou sludge in case of emergency. When optimizing simulations were performed, the
proposed models made it possible to determine the core facilities and the capacities of
equalization tank. The study also succeeded in quantitatively indicating the transport cost
savings when transfer stations are introduced.

From the perspective of disaster response, evaluation index for wastewater treatment

facilities were proposed. We concluded that cost function of centralized sewerage system and
decentralized Johkasou system should include disaster response.
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