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Restoring Drainage Pump Stations Damaged by Huge Tsunami Attacks
(e.g the Restoration Construction of the Soma Drainage Pump Station)

by Kumpei KANDA & Kazuhiro ITO

The devastating Great East Japan Earthquake caused damage to many pump stations delivered by Ebara. Restoration activities began
soon after the earthquake, and the emergency restoration of some pump stations was done very quickly; at these pump stations, drain-
age operation could be restarted before the onset of the rainy season in that year. The emergency restoration was followed by full-scale
restoration construction, which incorporated several features to meet the requirements for renewing or retrofitting facilities for perma-
nent use. Since the earthquake caused ground subsidence in the coastal area, the pump capacity was reviewed to compensate for the
decrease in the drainage flow rate due to an increase in the required pump head. For portions not covered by the preliminary investiga-
tion, detailed inspection was performed to propose upgrades. The functions of the facilities were restored to the level before the earth-

quake through these processes.

Keywords: Earthquake, Tsunami, Restoration construction, Restoration activity, Drainage pump station, Pump station, Emergency restoration,
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1. 30 ®I(C

RHAKRES I, HILH TR RR R ICKkE %
WEEHH L7

HEA V7 TR OWEIZREKRT, BHIMALLS
CORRE DK L 720

ZOHWEEOPT, MHITERERIL—-LL -
TSR OBEINGEE 217, BUE, W {OhDfiakid
ERATOREREZ Y K L7,

TR IE T 2R Y 7L ERIC L B RE R
BB A 2T 72h%, M0 AR ARG Ar O 567 T 6 B
@$@mi$ﬁ£méh,mw$5Hi@m5%%@ﬁy

A ANE L2 M2 TR L HKENCTE > T,
$mfi WA KB D ST o 7o SR v TH~
DNBFIE LIS BHEIH~NOR Y f A, LOARBEIHL 2
Ry 706l L U TR RIS PR o 5 SR T 5
RS B

*RKTIBERR S == EINFERIE S D AT AHAHE
W Kh7uyer g BEILV—T

* % IE] Iﬁ]
TOEAN R E BRIV —T

JALIA A& T R

2. BR L HENTIC

20114F 3 7 11 HIZHEAE L 72 H A RE FE TR & 7w
5 OEZMIEITIS LoD, B FRER bk fe OB
WIRE 2D 720 FRBIL, HIRIR A 5 O REE T 20114
47 B ETIRITHR O RE i d 2 2 L 72 (BE1L,

13-61 01/241

BH1 BEREHOReR (2011424 H#i
Fe R R RAR NGRSy A5 ¢ A T B AR )
Photo 1 General view of the pump station soon after the earthquake
(photo taken in April 2011; Soma drainage pump station
on the left and Niida drainage pump station on the right)
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Photo 2 Soma drainage pump station soon after the earthquake
(photo taken in April 2011)
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Photo 3 Inside of the Niida drainage pump station soon after
the earthquake (photo taken in April 2011; ¢ 1350 mm
horizontal axial-flow pump at the lower left)
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Photo 4 Inside of the Niida drainage pump station soon after
the earthquake (photo taken in April 2011)
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Photo 5 Discharge gate of the Niida drainage pump station
soon after the earthquake (photo taken in April 2011)
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Photo 6 Inside of the Wada drainage pump station soon
after the earthquake (photo taken in April 2011)
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Photo 7 Wada drainage pump station after emergency
restoration (photo taken in June 2011; Emergency
restoration of Pump No. 1 on the front side)
*The pump driver was changed from the existing
engine to a motor for early restoration.
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Photo 8 Wada drainage pump station after emergency
restoration (photo taken in June 2011)
*A rental generator (NIPPON SHARYO, LTD.) for
pump power supply was installed, since commercial
power was still unavailable.

N—Heho>THEDOH TWE TIZTRGOKR Y 75k
OIS EEIEE T L (BET, 8)

ORI i 2 720 @8 IH T 2011466 H K T—XY)
D&% o7zns, ZORMNTIRE S NP E I ZEF
WOANZMZ, ME¥EHREAEDELEZORMGED AN
L7z

FNURED FRRAEIHTE T2 WYL, B
Winr, 5 WIENEHEICEY v FOLHI 72,

4. FEEIEOHH

ISEAEIHCT ] Efe &, AREIHTHEAEM S 7z,

B 2AEINERE S 5RkD H b T2, REIHTHE
XS AT OB E TICHREERE S EZ T L L, HAMIC
fEHTEBEMICT 2 ENHNTH S, REIHTHD
F L L TROBESET NS,

D) ISAEETIE R BEIETREZ R > 7125 &
ANz, AEIHTIIETOR Y FPKETE 5IRE
FCHIAT %,

2) MAHEIHOBAME Y LRI LTH, HA
HICAE T & % X9 ISR o FRaEfl, ER2179,

3) MR TIHEH— R T L2720, TR
AT BARMICIE, MBI TICHINT 5729012
AN & BB L, #8350 L EHK =AML T &
B R Y THEKRE) % G %0

4) IEEIH L7 3 i T Pk TES X9 1S,
WK RE R R v TR LoD, REIHIESE
THREHD D,

5) KR PR A DA IH IRV RIS L 723 & 3 5.0

5. AEIHITEOERIEN (HHEHKES)

20134E 3 HIZHR v 7l O ARMEIA TH% T2 M 2 /=48
EEAEHREY; %, REIH THO—Bl L LTRAT %,
1) B

HUSPEARBES 348 B EAE T I H - T, BRI L
TR S NI ONKIERZH ) HEKK Y T THh
bo U 20134E3 AICHE Y FRMOAREIN T H%R T %0
RTHTHPEARBEY R L T %,
BEEBOREETIIZI~4 mOBKEL, Ry 77 1 —
VL rYy, BREM R EOBRBRETHRE hliEY
ZF 720

2) INBEIHIRD & AN THME (K1, 2)
OISSEIETHE 2011410 H 28 H%E T
@ATEIH TS %

T - 20124-3H9H~ 201343 H29H

RIS SBIHRI & AEIH T HFOME LR T,

3) WL T ~OXF K

Z O —1 13 HET0.30 mHb BRI T L7,

PERR Y THoR Y THREIL, — 2 Lok
ARAL & WA O FFIE KA D KA 7% D LI FESH R % g
L, BEGPKEZNMET S L) ICRES N,

IoNZ R No. 241 (2013-10)



PN

AETH P SRRy [ S WA IS FRAR 5513 700 ]

Fuel tank (Re:

MR (B2

ewal)

Hori

@M@Efﬁivk&ﬁﬂk (5

e

reducer (Renewal)

17ont11 planetary;

=L

=

@ 1 1££900 mm Bl il K > 7 (R )

Horizontal axial-flow pump (Service)

L1#£1100 mm 77> 7 (k)

Flap valve (Inspection)

L T T T 1T
No. I} ! N L é
a I qI » il n‘ il L]
T M ] ,,__m%‘
Rl T UL
LI#EL 500 mmﬁﬁmﬁmmﬁ‘ 7+ (Ut
Firii: [ Horizontal axial-flow pump’ R'trnﬁt)“’D
! —
ep il T]
R . [\ Rl
w i || i
T ‘ w |____ J\ TH 2
H Loy I lHilSl()O r?m77~7 ;
7}‘&‘1—’ i | —— 1 ID val VE nspectiol
7L'=Horlznntal planetary __E_Ezlﬁl t=-—
gear redn(‘er (Renewal) o
‘ ) L DNO. 3 i [ i 1]
4% R , h mi
e ~ i I
5 b Il — R
— E . N H EE -H
. . l |
BRI ] ¥ < ‘@ ££1800 mm7 579 (kD)
Oftard generator (fenewal ﬁﬁ %%*&(E%ﬁ) I 1££1 500 il il 576 > 7 (R i) Flap valve (nspection
. PR HLY mm VLA~
110 kW T'f“"k)l/%ﬁg (SHT), Horizontal planetary Horizontal axial-low pump (Service)

Diesel engine (Renewal)

gear reducer (Renewal)

X1 HIEIRBES X

Fig. 1 Plan view of the Soma drainage pump station
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Fig. 2 Sectional view of the Soma drainage pump station
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Table 1 Emergency restoration and full-scale restoration construction of the Soma drainage pump station

THH BRI OB IH IR AEIHTH
Item Equipment outline Emergency restoration Full-scale restoration
15ERST T14%900 mm REHlfh 5 A > 7 AL Rz T35 4 i
Main pump No. 1 ¢ 900 mm horizontal axial-flow pump Not yet done Rotor serving at factory
[ s A T 0 S
25FERYT 7451500 mm A& fillfilli R > 7 KA i [ i o 35 494

Main pump No. 2

¢ 1500 mm horizontal axial-flow pump

Not yet done

New rotor fabrication
Increase in the pump speed

3FERYT I71££ 1500 mm A il -~ > 7 Bl g (HEAKTTEE) [ s A T 355 4
Main pump No. 3 ¢ 1500 mm horizontal axial-flow pump Done on-site (drainage allowed) Rotor servicing ato factory
15 IR B L B FAE i P E
Reducer No. 1 Planetary gear reducer Not yet done New reducer fabrication
2 I A e 2 P B KA PrBlELE
Reducer No. 2 Planetary gear reducer Not yet done New reducer fabrication
35 i 2L kg B b # A BrBlE
Reducer No. 3 Planetary gear reducer Done on-site New reducer fabrication
15Ty y> KT 4 — ¥ IV KA HrBlELE
Engine No. 1 Water-cooled diesel engine Not yet done New reducer fabrication
25T IV K& T 1 —¥IFEE AL i PrBLEE
Engine No. 2 Water-cooled diesel engine Not yet done New reducer fabrication
3BTV K& T 1 — IV TR PrBLEE
Engine No. 3 Water-cooled diesel engine Done on-site New reducer fabrication
15 0 L I1#£900 mm IRV R AR, HrRLEE
Flexible rubber joint No. 1 ¢ 900 mm Condition check Inspection/new joint fabrication
275 I AT [T1#%1500 mm IRVCAERR. R, HrRL e
Flexible rubber joint No. 2 ¢ 1500 mm Condition check Inspection/new joint fabrication
35 T AN [T1£%1500 mm TRVCHERR. R, BB
Flexible rubber joint No. 3 ¢ 1500 mm Condition check Inspection/new joint fabrication
1579y 7% #1100 mm TRV RE R, BYERERR.
Flap valve No. 1 ¢ 1100 mm Condition check Inspection/operation check
2% 75y TR 1% 1800 mm ARVCHE R RO, BOERERR
Flap valve No. 2 ¢ 1800 mm Condition check Inspection/operation check
3579y 7R 1421800 mm IRV R HAR, BVERERR
Flap valve No. 3 ¢ 1800 mm Condition check Inspection/operation check
B & P9 ] 8 A T i e % BB
Electrical panel Indoor self-supporting type, 4 panels Temporary panels installed New panel fabrication
556 % fi RBWNT 1 — BV RAEAG BrBLELE
Off-grid generator Indoor diesel generator Not yet done New generator fabrication
I1#£65 mmKHAR > 7 R BBl
¢ 65 mm submersible pump Not yet done New pump fabrication
148100 mm HWAR > 7 T35 A PrBLEE
¢ 100 mm self-suction pump Servicing at factory New pump fabrication
£ 65mm B22 R v 7 T A PR
¢ 65 mm vacuum pump Servicing at factory New pump fabrication
Rl R Al MEBER YT BBl _
Auxiliary equipment Fuel transfer pump New pump fabrication
22T A LYy PRl
Air compressor Servicing at factory New compressor fabrication
H RN L—% HHb A A B b
Sand separator On-site servicing On-site servicing
F—bhFAML—F T34 T Hb g i
Auto strainer Servicing at factory On-site servicing
Gty Bt —EA L FRRIE
Small piping Steel piping Temporary piping at some points New pipe fabrication
e IRAE TS Al BBl
Instruments Water level gauge, etc. Not yet done New instrument fabrication
SRR A HLHb A A BBl
Fuel service tank Done on-site New tank fabrication
] R
HE Ho T R A @5 v 7 3t Bl E
Tanks Underground fuel tank Not yet done New tank fabrication

Temporary tank installed

[EEY/
Elevated tank

B
Not damaged

Bl b 2 i
On-site servicing
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Table 2 Full-scale capacity restration plan for
the Soma drainage pump station

R 27 e R Il 5 ek i
Rated pump speed Capacity
8] 8]
fepnan gy | CHRERR) | RBIHR | (B | ABHHRE |
Equipment min ! min ! m’/min | m’/min | m’/min
Before the After Before the After | Difference
earthquake | full-scale | earthquake | full-scale in flow
(upon restoration (upon restoration rate
construction) construction)
15ERYT
Main pump 265 265 90 85.2 -48
No. 1
25 ERST
Main pump 1714 183 285 300.0 150
No. 2
3FERYT
Main pump 170 170 285 2782 -6.8
No. 3
G 660 6634 34
Total ’ ’
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Photo 9 Restored flexible rubber joints for the main punps in
the Soma drainage pump station
(photo taken in February 2013)
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Table 3 Status of restoration

T | AT | KRR
oI Emergency | Under full-scale restoration
Prefecture restoration restoration e;s E)r a t(i) 0
completed construction constructio
completed
i I U
Fukushima 7 1 5
(227128
Miyagi 9 14 6
]
aFR 0 1 0
Iwate
(20134E5 A8 AEIH LFE MR, RS BIH I Y4 cqs

PR OB EIH O 7 % 47 - 72171 TFE5)
As of May 2013; number of full-scale restoration construction

projects undertaken by Ebara and number of emergency restoration
projects undertaken by or subcontracted to Ebara
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Photo 10 General view of the pump station after full-scale
restoration (photo taken in May 2013; Soma
drainage pump station on the left and

Niida drainage pump station on the right)
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BE11 MBI TR 72K GHE (201343 e
Photo 11 Completed main pumps in the Soma drainage pump
station (photo taken in March 2013)
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Photo 12 Completed main pumps in the Niida drainage pump
station (photo taken in March 2013)
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