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FAEMRZ - 100ml XA 7 L
AOBFE L - B &R 80ml
#ib> MY 7 A 35g
WA YR &  16ul
HESM - BE 80T
REfd 70 4y
B IR T AT AE =T —
A LB FIE B 80mL & XA T IVHRIZ AL D
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WRIEERE (%) 39 39 45 52 47
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BODAREET (kg/m3 -BH) 0.39 0.40 0.41 0.29 0.32
BOD-SSE&7 (kg/kg- B) 0.18 0.18 0.19 0.17 0.17
WREFRIE (%) 35 36 40 68 46

2017 FEEICH A LI R R ROCHE O B E IR 2 B 1 12T, 458 THINL 725K
MEA D LNIREZRY B THRAMEICH KL, B52ML LT THAE~mH Lz, B 2
IR T CHRRBINDMMBRE CTH Y MBSz LI RENR#MZ A L Gordonia
amarae (TN RK=7 T7~7=x) £EZEZbh5b,

M1 RERRRGCEOCEERZRER M2 XAALOKRFEER (LLHEEZEME)
(2017 £ %)

X3 BREICLILIEREREOEZE

M IC & 2 BE RO E LR

% AEEEDE, EEERDURY
SR, BRMAT T, WML A -EE¢$Q;$;%$
DEECEEELDOY 27 R, KEE s

'ﬁﬂtﬁ%xﬁL\L;éaﬁﬁiﬁd)Taﬂ
faR{ER( Lo TWVWD, F, KIS

M0 — Y B 17 HE RN L 7 e R SANE | -BEREADLOENR

HAFERLARERORAEZHAE, HENLRMEND S, KEHE TIX. KIS REA KD
ERBENE L (2018 HFEEFEHMHE : 43mg/L) . LR EZ M 9 2 & 2 O Fki & Al o
BWAEREE LS D, £, MBREA D LARFBREOE U —WICHET DL, EF AT
DATHON T, KALABIZKENAH S, =2 M ClE, @HE O IBEIAEZE I X TR E A
AN ERFREINDZD, A MELER-o TS,

3. MBERE
SO CRE B2 S E T IRERNRIEHRE TH D Gordonia amarae Z LM FEE; 2 12
BWT pH7T~8 OE# pH 28H D . pHT LA F 272 2 & BHHE N 20K 121K T3 2 MEE 2N iR
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EnNTWns VYV, £, BAKFEEY XY -0 EOFEH TIEMAL & D TIEMEBRIE SR
OpHZELSHHFTHEHMBECLIIBEFREPMEI I ERERINLTND DY, %
T, B RKICHE CITIHERNZET 2EFICEFERERIBAE L2V b, £FTYH
AL DOMEFRNEFEICTAD XD OREREME LB LI IROMEICH T2 > T
Yo —KEEH, REEHE, RMBEHEOSHY THBRENDIZYV—F L 7V —T %51
HEY, ETEECHEREFEZX 2N OEHE L TRYMEAL Y,
3.1 RIMBDKERE

R ARG ORI 2 HBE T 5720, OO KEREEZT-7Z, —DHIE, &>
TOKEHENRELRTZD, KENPDODHERFZ~OWMABRROGI Y B LA2EKLE, K3
U —DORMARHRE EKBEFERNMZO FAROTENZRT, MABRKROAE LBRZ
(B3 DA, Rk, RRMKE LD
A~ LT T2 A e R 2 R
b~ v F L7,

TOHIE, FAKEEERER O FEA AT
HiE (B3 o B) L T, K
Fm B~ AT 5 F KO —
a2 /R AA N AFA S /T2,
A R IR R X R R & L Tk & A H#E N
?6¥H@10ﬁ#6ﬁ¥%@*
BoOwBEArZEL T 19 FFETL
U 5% e [ oD B SR B AL BE K

BT TR B T o5 B IR AN R
ELRVEBEICRE LT, 20
B, RRLBAKEITN 2 5 n’/H
B L TR RS o 3 6 M3 RARMEEKEAERR
L FIRESINL 2,
3.2 EFREEHRFEOERE

TEPETG Ve S O g AL M X AKEAR T IS WEETEE DN IR T 2 728 . A ZFIIRIC SRT ([
W RER) 2R L T, MEMEOREICEDINERD D, Bt ¥ — L@ E CTHY
LS BAF 72 R Hl R D RBNVG IR & TRAE R ROG A ~ftfs L. b 24 o BB & L Cihleis
EEBEEEHL WD, 2017 EE F TR ERENS —WMREOLD ., GREXEIIR KT
mmwaﬁgf%w\l%%@ﬁf@@+ﬁm@®l%&ff%oto

Z T, BEREANM EO D, 2018 FE T H CIH R A2 A% L7 (K 4),
AR J5URHEE BT 2,000m/ H E THEAANL . /\/v7%§1’ﬁfﬁ$arﬁﬁm$§@ﬁﬁf\®@U’E{’Q
ANAREE o Te, T, BERAKIGHOK K EFEREZHEL, BEEL2BEBEWHE T
RISH 1 H- VR R 0% FREETHEMEET, 2O L2 MALMEOREM L L CEKT
HI ENARELE T,

37K

23
e
A
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M4 FiREEETIO— (2018 F£E)

3.3 XAENHE
ARG D 2017 4 o g4k fE
BITHB YO TH - =28, B0 E R
B E AR LT, 2018 A 1T B (A1
F CHLEBOINEEZ X 572 (B 5),
2017 AEFE K Y 2018 A JE F Ml BT
7 VR B RO A B (A1 OR S o> 4 B
% # (NH4~N,NO,-N K& Y NOs-N) % [ 6
OB TIZRT, 2017 41X NOs—-N 28
RREHTH o720, 2018 FFJE TIEALAZF b ORI R RGO SEE
B W TH NO;-N 2 % bme/L LL L fiEg (4 A—SHF)
P UL DO A R 2 B hig b 58 Ik 2 7F Bk
TAHZENRAREE RS T,

i8]

M6 RERRRIHEBMERKXIE®D M7 RERRRICHEBEEKXIE®D
EHREER 00T EETHEH) BmEHER (208 EETHEH)
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4, MBEREKOMRERE

WO BE R DN R A RFAET 2 720121, BORE T K 2 3tk & b o BR %2 & &I H
DT HORENDD, Y F—TlE, BERCH ERABRTBEIICEIOVREAELLE T2 4
MEE Z2HREEOEELE L CHELRE Y, 4, A0 A @ER] IS T, 50w E
OFEEZ e L LTllEL, BERkBsiToz (B8, £, FW—E < KA
OfE#E & TEHEEERE] 217V, HEMIERR E L, 2R MRFERBRITE 1 BIRE5E
fEL, BHERBRERGT - MATICHER L,
4.1 Ak

R Al R SOl O B K CEREL L 72 IE PRV IRIR &
WILE T T ARAAY ) V=B L. R—1V7 4
N —Lx T R (EHEE 1.5L/min) TR
L7,

[FE Y& TR T O K B O Bl E T
OESEZRE L, HALMLSS Y v [c#E L7,

(2 AR ER] TADLDORAENDNER L -
RTY VX —HNOAD LAZFEMICEN L THE
BEAW Y . B MLSS M v lcHE L7,

(R OB 1T L 2GR RIES K Z EMBME (MM E. 5% 100 4%) TH
B L. Bl I Gordonia amarae D E K& A2 P EMIZ Z B CHE Lz, HE&L%EIX
REICHBEO EFERN TEHLU ET I+ 7TEHMND 3E T I+ 3ELUTTI+) & LT,

(RS AL R FE I E ) TR A THROREE AU D NO»-N TN NOs-N 2 U 7L 7 h A —HX—T
WMEL, TNENOAKREEZHEA MLSS ¥V IZHBE Lz, £/, NIk NZ T V=7 A —
Y —THIEL., TOERGFEMHB LT,

8 HaABROEAK

K4 DRBAABRICEALELELGRE

HSAARH —(1000mL, @ 70mm)
FARE | AR—ILIMINWNEA—(KTHKHASTRKR—ILT1ILE—G1)
- T 71> 7 (CHIKARA@ 1500, NISSO) .

REE - £ W SEEE (BX41, OLYMPUS)

-1JILYk A—%—(RQflex10, MERCK)

- IR ER A A2 SR ER AR (Nitrite Test NO2—-, MERCK)

T EE 4 A S ER K (Nitrate Test NO3—, MERCK)

FUOEZF A= —(QuickZ7EZTFETAT-2000%! v FSILELE)

TH1E R BRI TE

4.2 %R

R RRICHIT D 2017 FFE R R 2018 FE T HEMoRB@HABR EREOHKERLELE I X UH
10 12" T ,2017 DL FRIXHAL MLSS 4 0 ORdE AN LABEENZ N E I 3em BL k|
6g LA b & @ E A ARk L, R EIIFIE T+ (M Eh R/ R3) OV Th o7, 2018
FEREITHEEN 11 AUBICHE SN, T++] (MR R 2) OL_ice &% o7,
HAZ MLSS MV o Fjdm ., AN LAmBEEIIREICEKTLTEY, AL LDOHEAEIT 2017 4
FLlg L TR 100D 1 &kolc, £, ERICBNTSH 201TFEEETIZALRT
BRI BRIIEE Lo T,
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M9 HEAFABRER (2017 £E) 10 FBHABRBR (2018 FE)

2018 AR JE TR M O K R I BT 2 EERE O R A B 11 1253 F, BALMLSS 4 b
D NOs—N A BE B IX A FITH T TR A I T L7722, 3mg/gMLSS - h & THEIL 2o o, &
72, NO-N OAEKEEITEW L X LIZMx b, £FTCTHHBAEMLLEMERET 22 60T
X, BHERICOWTHRBOKETH - 72,

2018 FEAFDORM A H A pH (AFERBRT —%) 2B 121277, AFICEBNT
LA R L2 Lk 0, IS %2 Gordonia amarae @ E 1 pH O #FH I TH 5
pHT LR CEHBT 52 &N TE T,

11 HIEEREANTEHE (2018 F£5) 12 pHBIEHER (2018 £E)

R E A ERABROT — % 2 H
W TR IS K D R & aE Ak o BE 4R & iR AT
L7 B 13 ICrd & 2 lc il o sia &
& RS AE R O NO;-N R FE & o BT &V A
B (R*=0.88) N L B v 7=, Z DI D Kk 1 it
AKEIE 21~25CTH Y . R H P o
NOs-N JR % bmg/L DL E& HZIZEB T L
EREEMHE CTEDZENRBINT,

13 HBLHEIEDOEFZRMKE
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5. MBEREKOME
5.1 WMiRKE

2017 4 JE K O 2018 4 FE O AR SR Kt /K O R 22 & (NHy-N+NO,-N+NO0;-N) @ H 7 5B
T—Z (ERHAYH) 2R 5IZRT, 5 4 MW CIREEMEEFED 23, Tng/L 705 16. 0 mg/L
IR T L, RATFEEL TR 30%E L, £, FEHMTITH 15%kEL -,

RS ARMAKOEHUEER (BEHART—42)

E1mMFH | FomdH | FEIWFH | FAmMEH | ETY
20175 & 20.9 19.7 20.3 23.7 21.4
20184 22.8 16.8 17.8 16.0 18.1

5.2 MBERX N LODELR

2017 R N 2018 FFE DR R THRAE LS I HINIEEOE
EEFAFICHBAEICI D RERBAAIME SN0, KIS CORBRE AT 20| E
Fo. BB T oRAEE K OERE LD L, RO 5SS EIEIE
TRy, FEEoBEN = A & 3,000 FHEIET S LN TE,

Lo,
3,500t Ik S 7z,

RRAE R A2 2R 6 12577,2018

x6 ASENREEEFHERE (FHER)
2017 E 20184 E HlE=
AHLEYRE () 9,000 5,500 -3,500
[B]UR 48 FE ([a]) 430 250 -180
EUREREGGH) 7,600 4,600 -3,000

6. F&H

M E I &2 BERBEOMEZmT T, B —0F Y03 @EHE L TAFTH ML
FTELL 0 ROREZE Lz, £72. XEECGIREE X OEM % O ERGFEIC X
DIELDOMERFICED 22 LT, BREICID2BRERBEMEI S22 nTE, FMz@E
CTHMBMEICL2RFERWOERBRNBEINTZ LITLY . KL O %2 464
BORAKE OB E, BHRE AT LOEI 2 A2 ORI RN RISz, £72. 2 RHRFERER
ZEMICERL REREOEEZREIICLEE 222 L TOHERSISH AR L R o T,

AiE . RAEEME T E X ZESE D0, RERBIUSHE O R TE T RRE5 TR
ZHAICHE TE DEZ 2019 FEPICEM L GREERMOMMEZK > T E,
Bilzmmid & LTS PE ToMbL BIa L OMENEE SN Z L6, HEEG 2
BELT, NO;-N REZEHBERFEELTERNTLIZLEMRILTVD, HFET, BHRE O FE
A AZFTICEFL, KAWL RICEDLDERFERWOMAICMOVMLTETDH D,
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&% XHk

1) B #E 1 E D (R E I X DEMBRTE EIcoWT (2) EMHBR LY 58 L -
Nocardia amarae, Nocardia rhodochrous @ B8 i K5 14 | 20 [A] FKE MR E S
£ . 6-13, p215

2) =AW THBECLZZT L—va vy X 7 BEEADLOREK] 22 E TFK
B R S L. 6-13, p2lb

3) LR FRIE, TR R FEEOMPICET 2 &%) HAKELFEK,vol.30, No. 7,
p41l

4) HHEMIE> [KEEHIIBTL 3V A L MomEZE BEZZHEIKAE AMEF
O EUAL ] 5 56 Bl FAKEMIE R RS EE . N-1-2-2, p293

5) BWEFEENIED THMAREIC L 2 BB EMEIK ) HEAE T KE R £ 50 A& 4 (2016) |
vol. 40, p96
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3-1-10 RICEMLSSEENDHEANEEIZLSHEHILLTEILDRES

T REEBHR =WEKEEEryZ— EA (2
(Bl A& KkE\AEESZ—)

KM HREE
g AR

(Bl s/ BRER  BRELE EGER)
wHA ERE
I T

oL elc @(&\\\
1.1 ZaBEnHERK

S EAEAEZ— (LT, =05 WhE
L5 THE AT REER. REL ERXRR
F. YR, BRHARD 450 KL RS B
TTFAKRZLEEL TV D, B fE O <. -

MBR AN 2T UBREZHME LIEHER

- HFRIEMIBEIRIED 20, BHR LIV EELR REBZ

MR AN aRE I TN RN, 6

W2, AR O EZEHILE TR E R K1 ZABEBKBAEtL VY —FEEK
WAETET D,

O, =TI ASRT (PR BIE W RER) D+ ICERTE T, AGICITE
RN ZE LB TFT A2 EOBBEICER L Tz,

1.2 WMEDOEA

ZoXy RO, ZWMEBETIEEANEA LA SR O ZEREERIRE (1)
OEHEEZ B L CEEO TRICEHYVMATE L ER2THEENLFH-RERO TRE LT
RRIVBEIRD “BREXOBRFICET L, R 28EE L AR EMALBEBLE Y, Bk L
W EEROMILIS 2 X eSS Z LM, MIELAEMZBEBLTEZELTWNS
R RADORFENGIR 2 M O KWL RI]~, I BIZZ DORFENGIEE M D KU RF]~ B RS
DHREZITH) T & CEERHZHKROMILME LM RINTEAETIBMTH D, LWHEHNLE
L7eZ &T, ERITKEBORTFTIZHVWEZERENME T L TWEARBICE W TH RIS
WHEST L LNTE,

LL, Fik 294 10 HA~FR 3043 AL BERERADBIRLEOLOE2EIET H Z &
Elpole, ZORD, TNETEITRLD HIETEEMNITHLZ MR TE 2 @O T LN
DA oY

ZIT, REAKEPBETLZEL TWVWOHEREILRMRICBWNT, 4 #d 25 KISHEO 118
IZDOWTKEEZWD T & & &I MLSS IR B % & o | i & U B o [ 4 A faf 2 0 2 D D ASRT
EHERTOIIELEEZRAELZOT, TOMRLEERLHEOLEBDRIZOVWTHET S,
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2. XFHEOHME
2.1 HIEREL~NDFRE

RENERO X AEH WL Z E el MitE eI EDL LA AME LT, EHig Ik
DWEIZRVMAATL, — B, ILHEZHER T 572D SN O MLSS I8 E % & O
TASRT Z e+ 2 Z L BN irbhTWb,

LaL, WEMREEREILRD
AR B T, SR LAY

A A RRRME AR LTV

OFRVIZART LD ITKEDN X
Wizxt L ToRE <, HRED

LTV, 70, BERRADBAKED
EEIDN K E W2 OIEIRDHEH L
T Mo TEBY, ThbDKAE
RBNTIX RSN O MLSS ¥ %

WML ENEHLL, BELIH

fLIC B 7y ASRT 2 fiR+5 2 &

z1 KUEBEOHME
HEER | HEILR [ X8 - 1
‘ Y A i i -
V’??F’b?ﬁ%%%ﬂ# 5.2 H 4.9 H 3.7 H 8.1 H
(SRT) *
ﬁﬁﬁf% 6.9 BEfE | 7.9 MR 7 W [ 10. 1 B [
(H‘RT)*
Fic S VL B it 3. 1m 2.7~ 3. 6m 3. 3m
(Ex) 3 1nm
T g I ] * 3. 3 IHF Rl 4.6 I RH 3. 8 M ] 5.1 IR
1 4% VI Ly VIS -
~ L b = ~ L k3

EWEETH o 2,
2.2 NMLSS REDERNEETE

*AE K 26 4 L AR

FIT, BRELEWBETIE, KIS O MLSS BEZEm O SO REILBm~HAT 5
MLSS IR Z Rk L RREICEHR T I E2HBELE, BAMICE4O > H 1 Hlzo>0T
KEZBO L TMSSEEZED, MO 3MITKEEZMOL CTMSSEBELZKLS 52 LI
L0, BRRILBm~OAM BT OEI L FREELTLH L &L,

BWHEELURIECK T 2EEY EEHRE) NXoREKRLEEEKR 2, & 312,

DEEHBZZX % 1T ~VIERT,

% Rk

®2 BELEOBEBYIRX
B0 Al [OYT%:H @MLSS Ofx&E | OMNE | @KLK A ® f& vk vE A
K m3/H | B mg/L m3 & kg | MLSS & kg S H5) MLSS
mg/L
1 5 f 30, 000 1,500 10, 000 15,000 45,000
2 5 A 30, 000 1,500 10, 000 15,000 45,000
3 51 30, 000 1,500 10, 000 15,000 45,000
4 5 il 30, 000 1,500 10, 000 15,000 45,000
£ 5 & G 120,000 40, 000 60, 000 180, 000 1, 500
=3 WREODEHBYIRNX
B0 Al [OYT%:H @MLSS OxE | OMKNE | @KLK A ® & vk vE A
K m3/H | B mg/L m3 & kg | MLSS & kg S H5) MLSS
mg/L
1 5 f 35,000 1,200 10, 000 12,000 42,000
2 5 A 35,000 1,200 10, 000 12,000 42,000
3 5 35,000 1,200 10, 000 12,000 42,000
4 5 il 15,000 3,600 10, 000 36, 000 54, 000
£ 5 & G 120,000 40, 000 72, 000 180, 000 1, 500

=@ x®/1000, ®=DOX®/1000, ®=G D& z/DO X1000

I. 48D KMBERINICOWT,
o 3ZEDLOKEEZIFED /57, MLSSIEE L FIF 5,
| GHE~A SREONICHENEREYEDOSHZHET L, BHIETIT 60t 228, %R

.
Im.
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BT T2t L0,
V. REBRE L TCHEHEYOS XKEELNR L TOHNIZ. KISHNOBEEMEN 1.2 % &
o TWADT, ASRTIZ 1.2, 72 %,

KIS N OB &N 72/60=1.2 (f£) 72> TW5,

V. EELEm~ORABAMIZOWVWTIL, & LB ~HAT 2 MSS 2O EF (®) %
KETHRLAEFEHULSS BE (©) FEFELLBELFRE UKME 20 | &k Eh
TOBEBTEEICONWTAMBEL TN ERbnd,

ZokoiC, WRETHEREKLEM~OAMEZHESCT Z &0, KISHNOBEEY &%

LT 2 & TASRT 2 fHiIE 3 2 mTE %,

2.3 RAEXMREHRS L VCRAETLHM

AFAEG P IEAKE O T I Hﬁb\&fﬁ%ﬂ@ MLSS 2 £ % i 6 12 ZTD, K

RIS &0 AL B K & 725 K (2
A+ @iiﬂ?/ﬁ:‘i)lﬂzmﬁ‘%ﬁ_<‘:Z)>Lr?‘/\éi’b%> € I T, &L@%*E?ﬁ)ﬁﬂibfwé&ﬁiﬂj

FEFEERNELE L TCEEL -,
EHEMN DN &
LR 3041 A L L.

#m L 7= 85

H DL BB L[5 TR W 08 £

WX VB KERNLZEL TWD, FT-,
EWE LT RAO LY ICRE LT,

%%é‘ﬁ‘é

2P N U [E iR 5y B DS

=4 EEEEH
KB A WLSS %%&(xﬁ.}z SVI ASRT
R
a3
i ik B . . ) 4.5
(H26) * 10~11 )7 ¥ SEHJ 1700 SEHJ 1700
206
e BE 2 Efio A | 1,3, 4 2 1800 H26 & H26 @
(129) * §~9 )7 mz s 2 B 2400 1900 7l F 1.1
s = =ty eI = b IR 2675 B ¥ H26 : 5 1 fif
i L R FR pE i 1R T 9% 3800 H29: [HJE M N 323 K v 15

3. MRBLUEE

3.1 ASRT

e #& Tk Bt~ AN D MLSS 2

T 2 i 5 M D ORIE IS S O T,

B, EEIRIC
R Tk 7z k9 Ap T B A S
EEMRTDHE, B 2I2RT @
=L TV A MR

H L R o iR 5

fiffb iz &0 72 ASRT (T
TE TV, 2RI LTRALAOERESKETIToZHES

*HEHEIXTI0A~3ADbDET 5

BILO2BUBEOHREZHRT L7120
DEE R EL EfT DATOVK 26 FEDOT — 2 2 Wi,
D WA TCHEES L T T
IR6 v HTHDY,

TR 26 E L DO LR T 512

EEILRIINISHE E TCOHEKENREWZD, WRKFFTH K
WA A X E R 29 AF 10 H

& W 2 5 D MLSS

CBFEEOEER)ND T1.2 BAH O

- SRS 26 4F BE X

KBTS AL T 44 BB 2 ASRT 13 e 15

TOWBRK 6 ALK T H» HICHEOD LBE ST,

WICAREIHMZ ST 1EMO ASRT 2B 3 IZ/RT,Fpk 294 10 HETHEKEED

EURETN

BT A MM A28 U T ASRT M & <

TX7,
N,
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H29ASRT

— H2O WL RHER
....... ASRT
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\ . / e -
D N g b
& AR

456 78 91011121 2 3

K 3 IRk 26-29 F£E ASRT

~
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/ ~ o
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/ e
// r"’ ~~~~~~~~~~~~~~~
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------- H29LE 45
9 10 11 12 1 2 3(R)

4 FRL29FE MSSEE
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—— H26 B L Ic BB 10
] — — - ASRT
. 8
T wry AR
% N //,::.:. = °
=~ ::,‘5(' BN 2ot 2 A
6 7
R e 2
4567891011121 2 3 g
B2 TR 264 ASRT
3.2 BEABM~DEE
B 4lCMLSSIREEDHERB 2+ =¥ . & % 2500
B4t L7z 10 H LAKE. 2 %5/ o MLSS & _
MRESEFLTVDR, HELEMIT T
WATHRADONSS B2 FHIELIC S
BERLTOARNED, 4l Rkl e
M~ ARE D MLSS WEAMEE LE B
D DRER LT o, B DERE - SVT o0
DS ZHELTH Y KIS O MLSS
EAREE L7 2 LT K D IR IR O bk e b
~OEBIAONT, BEESBEIXRA T 25
bHolz, ZTHICXVKBIETHERLZR

H26 4 B

Ao B A UL B L~ O AU &2 0 A D D ASRT

FEMSELRZENTEREEZONT,
3.3 W¥EKE

P B AL SRALEL K T O £ BB FR IR D FE

RS 7%2B5 I3RS, R 26 4 I
KB T 325 11 HURRIZ R 5 &b

DI L TR R M % 3R K OV A e 1 % R
WAERET, 7oy E=THERRENK

EEHLTWE, — ¥k 29 4F 1,
11 AL S AL ORI MR L TR D
BRROEFEOAFHITI TR 26 FE LD L
KL o TWD, ZOFKERIZI3. 1 ASRT

Tk _7= K9, AEEMLZEBIEIC
£V 10 A~1 ADOWREIZFHE W T ASRT 2

48 6R 8A 108 12A 2AH
ﬁ%%fé‘fc:k&:iDE#MK@%{RZPB&%% K5 FERH26-29EF =ZHEZEZX

SNLBFBEZAOLND,
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ErmoHbsZ sl ELEmOAmEZMZ D> KRB W TASRT 2 iX3 2 &
MNTEXTe, THNICEVREEDN+oMEINL TRV =EE T, “EIEREO L )4
CEBW T bR EZ L BEIEDL N TE -,

£ E X

1) EAM., BEARE, MEJHEW, MmEE, gH#E
fif % 15 L 72 2% )8\ 7B ) & o> HIl ek & K E ek oD il 37
pp. 974-976, 2018

HAREESE  JEMEG IR O dn kR
55 [a] T /K18 W 78 3 & &= i@ SC4E,

&

)
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3-1-11 RiEHh VO LZELI-FL—TDHRHE

W P KEFBE SAEKFBEECY— E£H KEH

1. LI

WAL, A TR LBREANOD R WIEENLRBEA TOERLEBR L., FTAERIC
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4-1-1 Flood Control Trunk Sewer Line Project Featuring the
World’s First Double Shield 90 Degrees Rotation

Tsukasa Yoshiike
2" Core Facilities Reconstruction Office, Bureau of Sewerage, Tokyo Metropolitan Government

1. ABSTRACT

Tokyo Metropolitan area suffers flood damages because of the insufficiency of rainwater
drainage capacity, which cannot keep up with the increase of rainwater inflow caused by
urbanization and localized heavy rain which is occurring frequently in recent years.

This project is to construct “Tachiaigawa Trunk Sewer Stormwater Outlet Channel” as a measure
against flooding in the Tachiai River basin in Shinagawa-ku, one of the Facility Improvements
for Handling 50 mm/h Rainfall intensity (anti-inundation project promotion areas) based on
“Basic Policy on Measures for Torrential Rain (Revised),” and also to discharge the stormwater,
which is currently released to the Tachiai River, to the Keihin Canal in order to improve the
water quality of Tachiai River/ Katsushima Canal as one of the measures to improve the
combined sewer system.

We will report issues and measures in the world’s first spiral excavation in H & V shield method,
which was adopted to construct the Tachiaigawa Trunk Sewer Stormwater Outlet Channel in this

paper.

KEYWORDS

Anti-inundation trunk sewer, shielded tunnel, H&V shield method, spiral excavation, under
narrow River

2. INTRODUCTION & BACKGROUND

Tokyo can be coarsely classified into 23 Wards and Tama Area. The sewer pipes managed by
Bureau of Sewerage is so long that the total length of the pipes in the Ward area reaches 16,000
km, which is comparable to the return distance between Tokyo and Sidney. Additionally, the
“Water Reclamation Centers” (Sewage Treatment Plants), which are located in 20 places in 23
Wards and Tama, are processing 5.56 million m® of sewage every day, which is comparable to
the 4.5 times as much as the capacity of Tokyo Dome.

Heavy rains exceeding 50 mm/hour are increasing in Tokyo these days and therefore the Bureau
of Sewerage is improving the sewage facilities so that they can cope with rainfalls of 50
mm/hour in the overall Ward area, aiming at preventing floods, based on “Basic Policy on
Measures for Torrential Rain (Revised)”.

WS FAGE R R A —2019- Vol. 43 4-1-1 252



The neighborhood of Higashi-oi area, Shinagawa Ward, where the project is executed, is one of
the Facility Improvements for Handling 50 mm/h Rainfall project promotion areas. It is located
in the south of Tokyo Metropolitan area, with southern part close to Tokyo Bay and Haneda
Airport; it is one of the most highly populated areas in Tokyo and numerous projects such as the
construction of large-scale terminal station, Shinkansen, main roads, high-rise buildings, and
urban renewal projects are executed. With the above background, this area requires construction
projects including sewer pipes construction to consider numerous effects to the neighborhood;
this is the place which requires advanced management.

Table 1: Outline of the Construction

Construction of Tachiaigawa Trunk Sewer Stormwater Outlet Channel

Location 1,4,and 5-chome, Minami-0i,2,3, and 6-chome,Higashi-Oi, and
1 and 3-chome,Katsushima, Shinagawa Ward

River basin to be worked Tachiaigawa Trunk Sewer Basin, 784ha

Construction Method Special slurry shield (H & V shield method, twin broken type)

Construction Length L-side (right, upper machine) = 778.20 meter,

R-side (left, lower machine) = 774.85 meter

Outer diameter of the excavation 05,850 mm x 11,790 mm (twin + joint part)

Finished inner diameter 5,000 mm (twin)

Earth covering 11.5 - 23.7 meter

Soil fine sand, silty sand, silt (mainly around the upper machine),
rudaceous soil (mainly around the lower machine)

Spiraling Method TYPE-B

Spiraling Outline One tunnel line spiraling around another

(the pipe proceeded spiraling by 90 degrees counter-clockwise in
about 137.4 meter section)

Spiraling Shape of Curve 3-dimensional ordinary helix curve formed by overlaying plane
(cosine curve) on the longitudinal curve (sine curve)

Normal state Deteriorated water state

Image 1: The deterioration of water quality in the Tachiai River
(Left: normal state Right: deteriorated water quality state)

The Tachiai River flowing in the district is a “class B” river (Small River) with the length of 7.4
km, whose lower 750 meter section of the river is open ditch, and the upper section is closed as a
trunk sewer (Tachiaigawa Trunk Sewer). Tachiaigawa Trunk Sewer was constructed into a
culvert during 1969 - 79. Since this trunk sewer, which has been covered with a lid, was
originally a river, its earth covering is rather shallow and apt to bring about floods, anti-
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inundation work is executed in various points. Additionally, the water quality of Tachiai River
and Katsushima Canal connected to its lower segment is degraded because of the river flood
frequently occurring these days and stormwater mixed with sewage overflowing above the weir
between the covered and open segment of Tachiai River.

Normal state Flooding state

Daiichi Keihin

August 4,

Image 2: Flooded state of Tachiai River (Left: normal state Right: flooding state)

This project is to construct “Tachiaigawa Trunk Sewer Stormwater Outlet Channel”(Table 1) as
a measure against flooding in the Tachiai River basin in Shinagawa Ward, one of the Facility
Improvements for Handling 50 mm/h Rainfall (anti-inundation project promotion areas) based
on “Basic Policy on Measures for Torrential Rain (Revised),” and also to discharge the
stormwater, which is currently released to the Tachiai River, to the Keihin Canal in order to
improve the water quality of Tachiai River/ Katsushima Canal as one of the measures to improve
the combined sewer system.

Tachiai River <
Trunk Sewer Stormwater I ( Keihin Canal ]
Outlet Channel . |
s
Flow after
installation of
[ ] stormwater outlet
kchannel

Figure 1: Tachiai River Trunk Sewer Stormwater Outlet Channel surroundings diagram
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Construction extension 775 meter

Horizontally in 2 rows Spiral

Vertically in 2 rows

Figure 2: Plan view

3. HISTORY OF THE DISCUSSION LEADING TO THE ADOPTATION OF H & V
SHIELD METHOD AND SPIRAL EXCAVATION, AND THE OUTLINE OF THE
METHODS

Originally, it was planned that Tachiaigawa Trunk Sewer Stormwater Outlet Channel was to be
constructed under the Tachiai River, which is 8 meter wide. However, based on the subsequent
negotiation with stakeholders and hydraulic model study, it was revealed that ordinary circular
pipes could not secure sectional-area sufficient for the required flowability and that the bank
protection pile in the neighborhood of the start shaft would obstruct the course. Constraints to be
overcome in order to repair the Tachiaigawa Trunk Sewer Stormwater Outlet Channel were as
follows:

(1) Lower Limit Imposed by the Requirement of Securing Flowability

Since the sewage flows within pipes by gravity, Tachiaigawa Trunk Sewer Stormwater Outlet
Channel, which is constructed in this project, had to be higher than the bottom of the downstream
pipe in order to secure flowability (Figure 3).

(2) Upper Limit Imposed by the Bank Protection Pile

The starting vertical shaft faces the canal and there is a bank protection pile on the boundary
between the shaft and the canal. The height of the pipe bottom was set considering the lower
limit described above, and consequently it has turned out that upper part of the tunnel would
obstacle the bank protection pile if it was constructed along with the initial plan (Figure 3).
Therefore, the upper part had to be made lower than the lower end of the bank protection pile to
allocate a certain amount of spacing between them.

(3) Limit on the Both Sides Imposed by the River Width and the Public-Private Boundary
Since it was difficult to allocate routes around the construction site because of the convergence
of underground installations, etc., it was necessary to construct the pipe under the Tachiai River.
Because the Tachiai River has a narrowing place on the way and adjacent private property must
not be influenced by the sewer pipe, the facility had to be contained within the width of the river,
8 meter.

Hence H & V shield method was evaluated as a solution to clear the upper, lower, left, and right
constraints.
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Figure 3: Lower and upper limit

Each constraint was cleared by excavating the sewer pipe not in the ordinary single shield
method but in twin shield. The upper and limit were cleared by starting the two shields side by
side, and the constraint on the width was cleared by twisting the excavation lines on the way; the
twin tunnel becomes tandem to fit within the width limit of 8 meter.

H & V shield method, which enables structuring a spiral twin tunnel, was adopted; two shield
machines with the diameter 5.85 meter each start excavating simultaneously, extremely adjacent
to each other (with the gap of 90 mm), and the shield machines proceed rotating by 90 degrees
after passing below the existing bank protection pile to form a twisted tunnel (Image 3).

(Right)

(1 eft)
Image 3: H & V Shield Machine
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Mechanism of the spiral excavation is to operate the buckling device of the machine on the right-
hand side to increase the reaction force to the shield machine, thereby obtaining the rotating
force (spiral force) from the force of elevating the right machine (warping effect); then the whole

shield machine is rolled (Figure 4).

(4)
)
(1) Operation of center folding device
(2) Excavation (over break)
(3) Ground reaction force
1) (4) Rotation force
3)

Figure 4. Mechanism of the spiral excavation

Right tunnel:

Composite curve with planar and
longitudinal curve Three-dimensional
curvature radius R 1290 m

Figure 5: Spiral linearity (Blue: left tunnel Red: right tunnel)

Image 4: H & V shield machine installation completed (The starting vertical shaft)
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Spiral section

Figure 6: Positional relationship between revetment pile
and shield machine on the starting vertical shaft side

H & V shield machines are started in parallel and the tunnel enters the spiral segment after
excavating about 40 meter. Then the right-hand machine goes spiraling around the left-hand
tunnel by 90 degrees (0.65 degrees/m) during the spiral segment of about 137.4 meter (Figure 6).

4. CONSTRUCTION ISSUES OF THE SPIRAL EXCAVATION

(1) Reliable Construction of the world’s first Spiral Excavation

There have been 5 constructions done by H & V shield method; this work is the 6. Only one
construction, as a demonstration test, has been done in the spiral excavation. The outer diameter
in the construction was 2.12 meter and the spiral excavation method was TYPE-A. On the other
hand, this project constructs two pipelines with each outer diameter 5.85 meter simultaneously
with a slurry type H & V shield machine, and the spiraling method is TYPE-B, without any
precedent. Since TYPE-B, in which twin tunnels are excavated with one tunnel spiraling around
another, has no past track record, various predictions of the situation and careful management are
required.

(A) Spiral around two tunnel axis

(B) Spiral with the tunnel center on
one side as the axis

(C) Spiral with moving rotating axis

Figure 7: Spiral pattern of H & V shield construction method
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(2) Issues Caused by Rigid Connecting Joint on the rear body part

Because usually, H & V shield machines have their rear body fixed, the direction of the rear
body might not be aligned to the tunnel curve if the body is adjusted only by buckling the front
body. Therefore, the tail clearance is reduced, and consequently the overbreak amount becomes
large, making the neighborhood ground apt to be influenced (Figure 8). Additionally, the
machine is required to excavate in a spiral with exclusively the warping effect of the front body
by buckling operation, requiring a large ground reaction.

Large overbreak

Front body Mismatch \ccmzozzzId
Rear body -

Left I\Right %‘\

Rigid connecting joint Uneven tail clearance

Figure 8: The Mismatch between the direction of the rear body and the shape of the curve

(3) Issues Caused by the Eccentricity of the Shield Jacks

While excavating in a spiral, front and back of the jack move eccentrically and consequently
unsymmetrical force is generated in the thrust force of the jack, thereby causing aperture or
deformation in the segment.

(4) Suppressing Ground Deformation

According to the previous analysis, overbreak outside the shield machine becomes as much as
350 mm at most during the spiral excavation. Hence it is expected that ground movement
influences on the river structure and neighborhood.

(5) Maintaining Ground Reaction Force and Precise Management of the Curve Shape
Since the tunnel is aligned in a three-dimensional curve, highly accurate management of curve
shape is required. However, since the outbreak amount is as large as 350 mm, large ground
reaction force might not be obtained; the segment might be displaced or deformed by jack thrust,
thereby making the tunnel curve out of the planned course.

Because H & V shield has twin-body structure, both “outbreak amount” and “tail clearance” of
the two machines must be monitored simultaneously. Since the curve shape is quite complicated
in the spiral section, it becomes very difficult to check these two amounts and rub might occur in
the tail part, making appropriate curve shape management impossible.
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5. MEASURES IN THE CONSTRUCTION PLAN

(1) Prior Understanding of Control Method for Shield Machine using H & V Shield
Simulator

Interaction among the excavating shield machine, ground, and segment were analyzed with an H
& V shield simulator applying the shield machine dynamic model. Appropriate jack pattern,
outbreak amount, and buckling angle, etc., which were reflected to the shield excavation plan,
were identified by utilizing the simulator. Additionally, an excavation management console
corresponding to the spiral excavation was created, the 3-dimensional curve was made visually
recognizable, and thereby mistakes in operation were effectively prevented.

(2) Adoption of Rear Body Oscillation Type Joining Device (Pin Joining)

Rear bodies are coupled by pin joining and the excavation is proceeded by shaking the whole
right-hand machine in this project (Figure 9). Owing to this, the directions of the rear body and
of the tunnel curve are aligned. Consequently, the outbreak could be decreased and the influence
to the neighboring ground. Moreover, damage to the segment caused by rub in the tail part was
prevented by suppressing deviated pressure of the jack thrust and by securing tail clearance.
Additionally, spiral excavation with warping effect on the whole equipment including the front
and the rear body was enabled by coupling the rear body with pin joining. Therefore, it was
enabled to obtain large spiral force with small ground reaction force.

However, damage to the joint caused by the difference between the movement of right and left
machine was concerned with because the bodies were coupled with pins. Hence various types of
measuring instruments were installed to measure the behavior during the construction work. This
has enabled the machine operation according to the behavior of the joints and led to the
prevention of troubles such as damage on the coupling parts in the spiral section.

Oscillation type joint Small overbreak

Front body W AEEES O

Match AL

Rear body . - bNm---- -

Left Nght VRl S

S . Even tail clearance
Oscillation type joint

Figure 9: Adoption of rear body oscillation type joining device

(3) Adoption of a Shield Jack Oscillating Device (Spiral Jack)

The shield jack (spiral jack) which has the mechanism to eccentricate the shield jack by 2
degrees to the circumferential direction was adopted (Figure 10). Owing to this, the direction in
which the shield jack extends and the shape of the spiral curve are aligned and consequently load
is not applied to the shield jack and repositioning of the jack is unnecessary. Additionally, if the
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jack nearly goes out of the spiral orbit, load is applied to the shield jack and a force to return the
shield machine to the spiral curve is generated.

2 degrees eccentricity

Figure 10: The Spiral Jack

(4) Suppression of Ground Deformation with Overbreak Filler

During the spiral excavation, the amount of over-excavation becomes about 350 mm. In order to
mitigate its influence to the river structure, it was planned to maintain the natural ground by
filling the overbreak section with plastic clay gel material, which has been proved in numerous
sharp curved line construction works (Figure 11). Additionally, according to the previous
analysis, displacement magnitude of the neighboring structures was confirmed within tolerance,
owing to this measure.

Overbreak filler

Overbreak filler %

Overbreak filler

Figure 11: The overbreak filler (plastic clay gel material)

(5) Securing Ground Reaction Force Using Mini Packers and Visualization of Excavation
Progress

The mini packers (Segment Back Surface Filling Method) were used to promote early adhesion
between the natural ground and segment, and to transmit the propulsion reaction force to the
natural ground (Figure 12). Additionally, mini packers were also deployed between the tunnels,
in order to keep the gap between the two tunnels extremely close to each other (with the gap of
90 mm) constant. In curves and spirals, copy cutter for shield machines are used to cut out the
orbit of the shield machine to maintain the shape of the curve. The set value and measured value
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of the copy cutter cutting situation during the excavation was visualized in this construction.
Owing to this excavation situation visualization system, it was confirmed that necessary outbreak
was being secured on real time, and whether the curve shape was maintained as planned.

Mini packer
(Limited
injection bag)

Mini packer

Figure 12: Illustration of mini packer use
6. CONCLUSION

By taking the above measures, the world’s first construction work, which was executed by
rotating the spiral segment of about 137.4 meter by 90 degrees, was completed within the
management value of curve shape in the end of the last September. The construction was
executed without any influence to the neighboring ground.

And by taking various other measures as well as the ones described above, sure and secure
execution of the spiral excavation was realized. We are going to compare various planned and
actual values to evaluate the validity of the management value, relation between the management
value and various excavation data, and the excavation management method, and report the result.
We hope that the investigation will provide useful information for planning similar construction
works.
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4-1-2 The development of environment-conscious buildings and the
creation of green spaces by the public-private partnerships with
utilization of the upper part of the sewer facility in the metropolis,
Tokyo

BACKGROUND

The first modern sewerage disposal plant in Japan was
the Former main pump house at the Mikawashima
Treatment Plant, which started operation in 1922. And, it is
the Shibaura Water Reclamation Center (WRC) that is the
third old one in Tokyo, starting operation in 1933. The
Shibaura WRC absorbs and treats wastewater from
Chiyoda-ku, Minato-ku, Chuo-ku, Shibuya-ku, and so on
which function as the central role of capital function. This
Center which had been established according to a plan
became deteriorated with almost 90 years of its history,
faced the large-scale renewal time, and was also required
maintenance for the improvement of discharged water Shibaura Water Reclamation Center
quality at the time of rainy weather.

(1) Valuable city space

Sewerage facilities are generally recognized as annoying institutions by residents because of odor,
heavy truck traffic, and so on.

Therefore, the Bureau of Sewerage Tokyo Metropolitan Government (BSTMG) made the upper
part areas of the facilities covered and then utilized the areas as parks or athletic fields, and so on. In
total, 54 hectares of upper part areas of all WRCs and plural pumping stations of BSTMG are
utilized effectively as of 2019. The surrounding area of the Shibaura WRC is close to the center of
Tokyo, so it was expected to become a core of the area by comprehensive utilization in response to
the local community's request because a large-scale redevelopment project had been advancing and
the upper part area of the WRC had been valuable city space.

(2) Large-scale green space

The Shibaura WRC is located near the Shinagawa Station. In 2007, "Town planning Guideline in
the surrounding area of Shinagawa and Tamachi stations" was established. In the guideline, the area
including the Shibaura WRC was positioned to the priority improvement area as a base to undertake
a core role of the environmental model-city formation and was required to contribute to the town
planning.
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In response to these backgrounds, BSTMG decided to perform a project to construct
environmental-friendly large-scale compound building and large-scale green space on the upper part
space of the facility while reconstructing the deteriorated facility. The purpose of this project was to
solve the problem of sewerage services and to contribute to the town planning in the surrounding
area of Shinagawa Station by providing the upper part space of the sewerage facility simultaneously.

CHARACTERISTICS OF THIS PROJECT

On the areas where sewerage facilities are located, the city planning for sewerage projects is
decided. The upper part space usage used to be implemented by obtaining the permission of the
governor of Tokyo in the form of utilizing the upper part space of sewerage facilities for other
purposes according to the article 53 (Building permission) and Article 65 (limits of building and so
on) in the City Planning Act. In 2000, the City Planning Act was revised and the three-dimensional
City Planning System was established, which makes it available to construct buildings for other
purposes in planning area of sewerage facilities.

This enabled multiple utilization of the upper part space of the sewerage facilities for institutional
and commercial uses while continuing to provide sewerage services. It was the first domestic case
that this three-dimensional City Planning System was utilized as for sewerage project.

Image of Three-dimensional City Planning System

SUMMARY OF THE BUSINESS MODEL

(1) Public offering to enterprise groups

Upon the implementation of this project, BSTMG made a public offering to enterprise groups to
construct and operate the upper part building. As conditions of the public offering, BSTMG included
obligations to operate with the highest level of consideration for the environment in the construction
and operation of the building, such as making it an “environmental model building” of the
highest standards such that it will become a landmark of the environmental model city around
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Shinagawa Station, and utilizing resources such as reclaimed wastewater and wastewater heat to the
maximum extent possible.

Applicants to the public offering were reviewed through a comprehensive-evaluation based open
and competitive bidding system, totaling “planning proposal evaluation points” which include
concern for the environment, as well as “evaluation points for land lease rights consideration” and
“evaluation points for construction cost of combined sewer overflow (CSO) storage tank.”

(2) Land lease and land lease right system

BSTMG performed the loan of its facility site for a business proprietor
for the purpose of the construction and the administration of a complex
building which composed of a combined sewer overflow (CSO) storage
tank and the upper part building. The price of this lease includes the price
of land lease rights set to be collected at the start of the lease (rights fee),
as well as the rent to be collected every year. Granting the rights to use of
the floor area ratio (FAR) corresponding to an area approximately 3.9
hectares for the park built on the covered upper part of the sewerage
facilities , in addition to the land lease rights area of approximately 1.1
hectares, made it possible to build a building higher than normal. The
amount of lease rights consideration paid by the business proprietor to
BSTMG also takes into account the rights to use of the FAR. Reaction tank in Shibaura

Water Reclamation Center
(3) Handling of land lease rights consideration

Instead of taking cash payments for the land lease rights consideration, BSTMG acquired rights to
partial ownership of the upper part building built by the business proprietor.

One reason for this arrangement is that it removes the burden of raising a huge amount of funding at
once for the land lease rights, which it would have paid in addition to the construction costs of the
building. Relieving this burden makes it possible for more enterprises to participate in this project,
which made the public offering more competitive and opened the floor to proposals with a
consideration favorable to BSTMG. Furthermore, this makes it possible to secure fixed income in the
long term.

As expected, the public offering attracted applications from multiple enterprise groups, including a
proposal for nearly three times as much as the minimum amount for the land lease rights
consideration set by BSTMG.

BSTMG used the following means to acquire partial ownership of the upper part building. With
the consideration of the land lease rights owned by BSTMG set to 100 and the partial ownership
rights of the building owned by the business proprietor set to 100, the completed upper part building
will have combined 200 land lease rights and partial ownership rights of the building . At this stage,
in order for both BSTMG and the business proprietor to have the land lease rights and partial

WS FAGE R R A —2019- Vol. 43 4-1-2 275



ownership rights of the building , BSTMG exchanged 50 of its 100 land lease rights to the business
proprietor in exchange for 50 of the 100 building partial ownership rights owned by the business
proprietor. As a result, BSTMG has 50 partial ownership rights of the building, in addition to 50 land
lease rights.

Construction of complex building Equivalentexchange

Partial Partial
Building i::f);siré?nc: ownership of

(Business proprietor) |100 50|  (Business th(;;’;'“‘/'l‘g;‘g 50
' ' proprietor)
Normal leasehold Normal leasehold
Normal leasehold (BSTMG) 100 50| (Business proprietor) (TMGBS) 50
Land (TMGBS
( ) Limited proprietary right of Limited proprietary right of
land (BSTMG) land (BSTMG)

Project scheme diagram Planning System

(4) Master lease of partially owned section

The section of the upper part building to which BSTMG acquired partial ownership is operated
as one whole with the section to which the business proprietor acquired partial ownership, as part
of a master lease contract for the business proprietor.

By using this master lease arrangement, BSTMG can leave the administration and operation of the
building to the business proprietor, while collecting rent every year for the section to which BSTMG
has partial ownership.

(5) Project Scheme
The main expenditure associated with this project includes the maintenance costs of the upper part
building with BSTMG’s ownership in addition to the construction costs of the CSO storage tank
and artificial ground (covering). The revenue includes the lease charge to the business proprietor
and the lease income of the upper part building obtained as the setting value of the leasehold.

THE RESULT OF THIS PROJECT

BSTMG promoted the project to build the environment model building which plays a central role
of the local development simultaneously with reconstructing the deteriorated facility. This resulted in
the effective utilization of sewage resource as well as the contribution to the town planning such as
creating oasis in the upper part space of the sewerage facility. The income from this project in FY
2018, after deducting the maintenance costs of the upper part building, is about 6.6 billion yen. This
shows, from the view point of fiscal management, the project is contributing to realizing stable fiscal
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management of sewerage business by securing a certain amount of income over the long term.

Also, the artificial ground having about 2.6 hectares was developed on the upper part of the
existing sewer facility to construct the 3.5 hectare lushly green open space where people could use it
together with an existing park. This open space plays
a role to decrease the heat island effect on central
Tokyo. Besides, it helps to create bustle and the
business proprietor holds various attractive events,
which makes the space topical, where many people
from other prefectures as well as the employees in
the office building and local inhabitants visit. In 2018
more than 110,000 people attended to the events held
in this building. Also, thanks to the attractive
scenery, several hit television dramas have been Upper part open space on covering of sewage facility
filmed there, which has in turn attracted many
visitors.

BSTMG has made an effort to conduct public relations activities aimed at visitors so that more
people know there are sewerage facilities essential to urban life underneath the building, supporting
their daily lives and using reclaimed water and wastewater heat as resources.

Based on the results of this project, BSTMG will consider the opinions of locals and
characteristics of the community from the planning stage, and work with a variety of organizations
including local governments and private enterprise to examine multiple uses of the upper parts of
properties for other sewerage facilities as well, contributing to urban development from a broad
perspective.
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4-2-1 Pipe Inspection for Tokyo Wastewater Resilience; Policy and Technological Development

Shoko Kudo*
*Bureau of Sewerage, Tokyo Metropolitan Government, 2-8-1 Nishi-Shinjuku, Shinjuku-ku,
Tokyo, Japan 163-8001

Abstract:

As a mean to lower the risks related to aging pipe infrastructure and foster resilience, Bureau of
Sewerage, Tokyo Metropolitan Government has implemented policies, such as Asset Lifecycle
Management and Emergency Recovery Plan.

Condition assessment have high importance in these resilience policies, and improvement in pipe
inspection technology can contribute to its quality. Therefore, TMG has been making a constant
effort on technological development as well as using existing technologies such as CCTV camera.

This paper discusses the role of pipe inspection technology in TMG’s resilience policies, and new

R&D attempts.

1. Introduction

As for Bureau of Sewerage, Tokyo Metropolitan Government (hereinafter referred to as “TMG”), it
is beyond controversy that aging pipe infrastructure is the most critical issue.

In the Tokyo metropolitan area, the length of pipes that exceeded the standard service lives of 50
years has reached 1,800 km in 2016. It is predicted to increase up to 8,900 km in the next 20 years,

which will account for more than a half of all the pipelines of the area.

Aging pipes are known to cause various problems.
a. Road sinkholes as a short-term risk

Road sinkholes in crowded streets can lead to life-threatening accidents.
b. Low business efficiency as a mid-term risk

Severely damaged pipes can only be replaced, but road excavation work will be more problematic
and expensive than trenchless renovation method. Additionally, in Tokyo, there are tasks of
disaster-proofing. Without a mid-term plan designed to organize the timing of renovation and
disaster proofing, construction and maintenance will financially press business operation.
c. Prolonged recovery from disaster as a long-term risk

Aged infrastructures can be severely damaged in situations of disasters. If left untreated,

recovery time will be longer, forcing citizens without wastewater facility for a longer time.
2. The Policy Towards Pipe Infrastructure Resilience

TMG has implemented the policies of improving pipe infrastructure resilience with three

maintenance cycles.
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a. Preventive Maintenance Cycle to reduce sinkholes;
Conducting condition assessment according to regular pipe inspections and preventive repairing.
b. Predictive and Proactive Maintenance Cycle to avoid low business efficiency;
Organizing renovations and disaster-proofing under Asset Lifecycle Management based on
condition assessment
c. Reactive Maintenance Cycle as a countermeasure for prolonged recovery from the
disaster;
Formulating Emergency Recovery Plan and planning for emergency condition assessment in the

plan.

The entire system is described in the Figure 1.

Figure 1 Outlook of the Tokyo Wastewater Resilience Policy

3. Pipe Inspection Technology: Present and Future

6] Present Technology: Mirror-type CCTV Camera and Pipe Surface Mapping System
Condition Assessment provides the fundamental information of the resilience policy, and can be

the most precise when pipe inspection was done most extensively and most accurately.

However, the existing CCTV camera has difficulties in extensive use since it requires a lot of time
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and labor. Besides, assessment quality itself is inconsistent since the process relies on the knowledge
and experience of technicians.
In order to deal with these difficulties, the Bureau and collaborating companies developed

Mirror-type CCTV camera technology.

This technology consists of;
a. Mirror-type CCTV camera

This camera can offer the 360 degrees closed-up side view all in one go without stopping, or
turning heads to zoom up. The filming process takes only half as long as CCTV camera.
b. Pipe Surface Mapping System

The system can convert the video data into 2-D development, and automatically diagnose the
damage level by image recognition. The damage diagnosis takes only 1/10 as long as the diagnosis by

human using video data.

Figure 2 Outlook of the Mirror-type CCTV Camera

Figure 3 2-D Development produced by Pipe Surface Mapping System

2-D development

Auto Damage

Diagnosis

With this technology, the Bureau is capable of inspecting 800km of pipes per year, which accounts
of 5% of all pipelines.
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2 Future Pipe Inspection Technology: Challenging the water and the great depth

Currently, there is no technology applicable to the pipes in certain conditions.

Even with pipes large enough for human to enter inside, some pipes are too dangerous to enter
when the flow is fast and deep, or the pipes are buried in the great depth (40m underground or
deeper) and cannot be ventilated.

In order to inspect these pipes, new technologies such as robots and drones would be necessary.

Therefore, the Bureau is making a continuous effort of R&D of pipe inspection technology.

a. Inspection technology applicable to the fast and deep flow
The Bureau is considering floating camera and drones.
b. Inspection technology applicable for pipes buried in the great depth

The Bureau is considering cleaning robots.

Figure 3 Outlook of the pipelines under severe conditions

4. Conclusion

The national law was established in 2016 that obliges utilities to inspect pipes exposed to a high
concentration of hydrogen sulfide once in 5 years to control the risk of road sinkholes. In addition,
there is a public demand for pipe inspection at roads with high traffic such as national and
prefectural roads. Overall, there remains a high demand for improvement in pipe inspection
technology.

TMG will continue its effort on further development on pipe inspection technology that can refine

Tokyo wastewater resilience.
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4-2-2 Reconstruction of a Superannuated Pressure Trunk Sewer,
Coordinated with Wastewater Treatment Plant and Pumping Station
Maintenance Management

Misato OBA

Bureau of Sewerage, Tokyo Metropolitan Government

Abstract
The Otemachi Trunk Sewer is one of the oldest pressured Trunk Sewers which was
built in 1923 by Sewerage bureau. Because it is deteriorated, many small incidents
have occurred and repaired each time. Although it was hasten to reconstruct it, there
were several problems for reconstruction work: it did not have mid entry manholes,
there is an inverted siphon, the water level of Chudan Trunk Sewer, downstream of
Otemachi Trunk Sewer, was too high.
This paper reports how to reconstruct the Trunk Sewer using the know-how gained
in the repair work in 2017. It turned out the good communication with the pumping
station department, the waste water treatment plant and the sewer maintenance

department was vital to the reconstruction.

1. Sewer reconstruction in Tokyo

The total length of sewers in Tokyo’s 23 Wards is approximately 16,000 km. This total
includes around 1,100 km of trunk sewers. The Bureau of Sewerage, Tokyo Metropolitan
Government is proceeding with sewer reconstruction targeting 300km of superannuated trunk
sewers that have exceeded the statutory service life of 50 years. The Bureau is undertaking the
repair and reconstruction work on the Otemachi Trunk Sewer—which plays an important role in
removing sewage from Tokyo city center, under the cooperation among the departments
responsible for managing the sewers, the pumping stations, and the Wastewater Treatment Plant
(WWTP), respectively. This case study reports on the work being undertaken on the Otemachi
Trunk Sewer in the hope that it can provide a useful reference for aged sewerage facility
management.

2. Overview of the Otemachi Trunk Sewer, and Countermeasures Adopted in Response to

the Frequent Leaks

The Otemachi Trunk Sewer is a combined trunk sewer that was constructed with 1,650 mm -
1,670 mm inner diameter pipes made of reinforced concrete in 1923. It delivers sewage under
pressure from the Zenigame-cho Pumping Station to the Chudan Trunk Sewer approximately
720m downstream. Having been delivered under pressure, the sewage then passes down the
Chudan Trunk Sewer to the Shibaura WWTP. (Figurel)

When the weather is good, the delivery of sewage from the Zenigame-cho Pumping Station
relies solely on the Otemachi Trunk Sewer. However, when it has been raining, the delivery of
sewage and stormwater is undertaken by both the Otemachi Trunk Sewer and the Zenigame Trunk
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Sewer. It should be noted that when sewage and stormwater are delivered via the Zenigame Trunk
Sewer, because the pumping station through which they enter the Shibaura WWTP is at a lower
level than those used for any of the plant’s other inflow systems, the pump operation requires a
higher pump head than is the case with sewage entering the WWTP from the Otemachi Trunk
Sewer, resulting in increased electricity costs. For these reasons, the Zenigame Trunk Sewer is
normally not used, with all sewage delivery taking place via the Otemachi Trunk Sewer.

Due to the fact that the aged deterioration of the Otemachi Trunk Sewer had been worsening
and it repeatedly caused small scale leakage accidents recently, it was decided that reconstruction
work would be undertaken. During the planning phase, however, a small-scale leakage occurred
at a road surface 1 m above the Otemachi Trunk Sewer while a pump at the Zenigame-cho
Pumping Station was in operation. Since the region of leakage was cluttered with underground
installation, and it was impossible to make open cut repairs, the repair work was undertaken from
inside of the pipe.

The Otemachi Trunk Sewer extended 720 m from the Zenigame-cho Pumping Station to the
downstream manhole without having any manhole in between, and the damaged part was located
at the point of 590 m from the downstream manhole.

In addition, the downstream manhole was located in a heavily trafficed metropolitan road in
the vicinity within the construction period, and it was impossible to carry out the work because
underground passage construction work had already been carried out. Furthermore, since oxygen
deficient air was confirmed in the trunk sewer and there was an inverted siphon at the front of the
damaged part, it was difficult to enter from the manhole to conduct repair work. Therefore, we
considered entering the Trunk Sewer by removing the pipe of the Zenigame-cho Pumping Station,
which is located upstream.

Coincidentally, there was a plan to carry one pump at the Zenigame-cho Pumping Station out
to a factory for repair. The schedule adjustment was made by taking this opportunity, and thus the
taking of pumps in and out of the pumping station was realized. Before starting the construction,
the conditions were confirmed with the manager of the pumping station, the WWTP and the pipe
constructer. As a result, the following items were agreed on: (1) the period during which the pipes
are removed should be the dry season and until the pump returns from the factory; (2) the work
should be carried out during daytime, because the pumping station is a remotely controlled
facility, and it is difficult to respond to an emergency situation in night time; (3) implement
measures to prevent backflow from the Chudan Trunk Sewer, which is connected to the
downstream manhole, and establish a monitoring system for backflow into the pumping station
around the clock; and (4) implement measures to control odor and hydrogen sulfide which could
get into the pumping station from the trunk sewer.

With respect to these conditions, the following solutions were adopted: for (1) and (2), the
construction period was shortened through the study of construction method; for (3), a sandbag
bank at the downstream manhole was setup in the Otemachi Trunk Sewer, also the stagnant water
was drained in the sewer in advance. As for the monitoring system, monitoring was carried out by
the supervisors in the daytime while monitoring operators were always deployed overnight; and
for (4), deodorant sheets were installed at the location where the pipe was removed as a measure
to control odor. Also, as a measure against hydrogen sulfide, we decided to install and monitor air
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measuring devices at the entrance and other places of the pump room. Having executed these
measures, the repairment at the area of leakage of the Otemachi Trunk Sewer was successfully
conducted with sulfate-resistant mortar.

(Figurel) Wastewater flow from Zenigame-cho Pumping Station to Shibaura WWTP

3. The reconstruction work

Through the emergency repair works, it became clear that the Otemachi Trunk Sewer could be
partially dried, though in a short period of time, by the well-devised operation based on the
coordinated efforts of the WWTP and the pumping station. By referring to this approach, the
reconstruction work for the 220-meter-long section in the upstream side that included the
repaired portion was planned. (Figure2)

The plan adopted a rehabilitation method that can be constructed without excavating the road.
In addition, taking the construction condition of the site into account, the work is progressing by
considering the following three points.

Firstly, there was the question of how to handle the inverted siphon. Consideration was given
to the issues of what method to use to deal with the sewage retained in the inverted siphon section,
the constraints affecting the utilization of the SPR method in the inverted siphon section, the
methods that should be used for entry into and exit from this section by divers and other
operatives, and the ventilation methods to be used. We constructed an intermediate manhole the
Zenigame-cho Pumping Station in order to suck and drain stagnant water and sludge from the
portion of inverted siphon. This manhole was also used for the rehabilitation construction work,
carrying-in materials, and ventilation of the trunk sewer.

Secondly, there was the need to prevent backflow of sewage into the Trunk Sewer. The
Chudan Trunk Sewer that the Otemachi Trunk Sewer links up to usually has a higher water level
than the Otemachi Trunk Sewer. In order to prevent sewage backflow, it was decided that a

WS FAGE R R A —2019- Vol. 43 4-2-2 292



waterstop gate would be installed in an existing manhole. For a waterstop gate, a stainless-steel
plate that was made by partitioning a standard size plate into 13 portions so that people could
carry them in and out through the manhole was used.

Thirdly, there was the question of dealing with rain. During the construction period,
occasionally it became necessary to change the pumping route according to the rainfall condition
or change the route from the Zenigame-cho Pumping Station. In order to meet these switching
requirements promptly, and to cope with emergency situations during the construction work, a
liaison network system among relevant organizations was established. In the case, heavy rain is
expected according to weather information, administrators from each organization are supposed
to discuss the usability of the Otemachi Trunk Sewer and make a decision on whether the use of
the trunk sewer is continued or not through the liaison network system.

(Figure2) Overview of Otemachi Trunk Sewer

4. Measures to be implemented in the future

Regarding the countermeasures being taken to address the superannuation of the Otemachi
Trunk Sewer, there are plans to implement reconstruction of the remaining 500 m section using
the SPR method. When this plan is implemented, the Otemachi Trunk Sewer will be regenerated
totally, and the safety and security level of the city center of Tokyo will be upgraded.

Reference
Minoru Honda, Hiroshi Kondo(2018). “Repairment work of supperannuated pressured Trunk

Sewer conducted with coorporation of departments” 55" Japan Annual Technical Conference on
Sewerage.(P797)
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4-2-3 Designing Maintenance Manholes for Deep-Laid Pipes
(the Koto Trunk Sewer)

1st Core Facilities Reconstruction Office,
Bureau of Sewerage, Tokyo Metropolitan Government Mari Adachi

1. Overview

To lessen the damage caused by severe flooding, the Tokyo Metropolitan Government
is actively developing trunk sewers which are capable of handling rain that falls at a rate
of up to 50 millimeters per hour. As to the new trunk sewers that are being developed, so
that they can act as stormwater catchments across a wide area, in addition they are
being extended long distances and being considerably large in cross section, more over
they are being laid deep in many places so as to avoid congestion with other
subterranean structures such as the subway network that runs beneath the city.
Accordingly, for the increasing volume of such deep-laid pipes, there is the demand that
maintenance be conducted in an appropriate but simple manner.

This paper is intended to report on the background on the design of maintenance
manholes capable of dealing with such issues.

2. Issues Related to the Maintenance of Deep-Laid Pipes

The Tokyo Metropolitan Government’'s Bureau of Sewerage is currently constructing
the Koto Trunk Sewer; its total length is approximately 5.1 kilometers and its maximum
diameter is 6,000 millimeters (Figure 1). Meanwhile, at its greatest depth its pipes are
laid at approximately 40 meters below the surface. The trunk sewer is designed to act as
a stormwater catchment encompassing part of Koto City. Accordingly, it is expected that
there would be difficulties during the maintenance work in terms of transporting
equipment over long distances within the sewer itself, and also that there would be
difficulties in terms of lowering any equipment to a considerable depth, or even
problems in the undertaking of cleaning and repairs.
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Figure 1: Overview of the Koto Trunk Sewer

3. Design Consideration for Maintenance

Maintenance of trunk sewers can include inspection, cleaning or repair procedures.
For the maintenance of deep-laid pipes, it is a requirement that steps be taken so that
such tasks can be carried out both efficiently and easily.

Thus, in undertaking to design maintenance manholes consideration must be given to
the need to use vehicles, etc., thought necessary for the carrying out of maintenance,
consideration was given to the following necessities:

1) Selection of maintenance manhole locations

In consideration of the transportation and movement of materials, a decision was
made to site the maintenance manhole at the midpoint along the Koto Trunk Sewer
within the grounds of Koto Public Park. In selecting that location, as much as possible,
there was the desire to minimize the distance that materials would need to be
transported/moved from the manhole to any worksite. Furthermore, a second reason
why the location within the park was selected was that, compared to public roads, the
park was felt as a place with few restrictions on the movement of vehicles. Resulting in it

being easier to carry out work.
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2) Conducting repair work using aerial work platforms

Concerning the large diameter of the pipes used in the Koto Trunk Sewer, it was taken
into consideration that garbage could damage the pipe or over a long period of time the
pipes may get worn out up to a height of six meters (Figure 2). Accordingly, it would
become necessary to introduce aerial work platforms that would allow for such work to
take place. Thus, at the maintenance manhole, an access point (measuring 2.9 meters
by 2.0 meters) has been put in place for aerial work platforms (Figure 3). It is being
constructed in such a way as to allow a crane to lower the equipment into the sewer.

Furthermore, for the purpose of allowing aerial work platforms to move independently
within the tunnels, an invert was established that takes into consideration the width of
such vehicles (Figure 4).

Figure 2: Repairs in a trunk sewer
(in another sewer)

Koto Trunk Sewer

Figure 3: Maintenance Manhole

An invert for vehicles

Figure 4: Repairs involving an aerial work
platform

WS FAGE R R A —2019- Vol. 43 4-2-3 299



3) Park alterations

Some alterations were made to the park where the maintenance manhole is being
constructed. Specifically, some areas of ground within the park were levelled to allow a
crane to be used to place aerial work platforms into the sewer. There was also the issue
of the loading and unloading of maintenance vehicles such as water tenders used in
cleaning. Moreover, some plants such as small trees that hindered the manhole were
relocated and some existing retaining walls were also removed (Figure 5, 6, 7).

[Relocation of plants]

[Leveling for vehicles| Maintenance
manhole

[Leveling for vehicles|

[ Relocation of plants |
Maintenance
manhole

Koto Trunk Sewer

Figure 6: Ground and plants

Removal of existing
retaining wall

Pavement

|[Access road for maintenance]

Figure 5: Park Alterations

Removal of existing
retaining wall

Figure 7: Retaining wall

4. Plans

The maintenance manhole is currently being constructed, with its completion scheduled
for 2020. After the Koto Trunk Sewer enters service, the maintenance manhole will be
used to undertake maintenance such as the inspection and repair of the sewer, etc.

Maintenance technologies are being developed for deep-laid, large-scale trunk sewers.
Going forward, it will be necessary that some consideration be given to new ways of
cleaning them, etc.

It is hoped that the methods employed in the maintenance of the Koto Trunk Sewer will
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lead to the advancement of maintenance technologies that can be employed in other
deep-laid, large-scale trunk sewers.
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