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Synopsis

A tsunami protection breakwater in Ofunato bay was collapsed in the tsunami generated
by the "Great East Japan Earthquake of 2011". A lot of endeavors to improve water quality
were made in the bay. Therefore, we think that environmental consideration is essential for
reconstruction of the tsunami protection breakwater. It is very useful to understand water
quality characteristics under the condition without the tsunami protection breakwater, when we
consider which measure is effective for the environmental consideration for reconstructing the
tsunami protection breakwater. In this study, we aim to grasp the water quality characteristic
under the condition without the tsunami protection breakwater and to clarify the points for the
reconstruction of the tsunami protection breakwater with environmental consideration.

We carried out field measurements of water quality, sediment and current from
September 18 to October 23, 2012 and from July 26 to November 25, 2013. Results of the
field measurements showed the following. Regarding water quality, (1) anoxic water was not
occurred under the condition without the tsunami protection breakwater, (2) DO concentration
in the bottom layer decreased in the same ratio with the tsunami protection breakwater, (3)
the anoxic water was prevented by intrusion of low temperature water from outside of the bay
which occurred a few times a month. Regarding bottom sediment, (1) bottom sediment was
almost same before and after the tsunami, (2) thickness of re-accumulation of sediment after the
tsunami was about 20 cm. Regarding current, there were three layers, the first layer (from the
surface to 4 m depth) was outflow, the second layer (from 4 m depth to 15 m depth) was inflow,
and the third layer (from 15 m depth to the bottom) was outflow. Therefore, when we consider
the reconstruction of the tsunami protection breakwater with environmental consideration, it is
important that we devise for decreasing blocking the current in the third layer and the intrusion

from the outside of the bay.
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water, sediment, Ofunato bay
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1. [FCBHIC

2011 453 A 11 BICHAE Uz fAe 5 RO PE v R 1
Ko TRRAELZEKEIZL ST, ZRIAFICIMET DIHRD
B teds L ORER 213 Uwd & 3 2 B sk 133 K Ae gl
BT, ZO—2Th D RIRIEEIZRE W TE, Ak
WA BRR LTz,

KIS L, HFROMEIIAET LY 7 AABRO
BThs (B-1). V7 2ARBROEIL, BorsiER
W2 Ao TRIEB LS OENEAD L, HoxLr¥—%
WEkT 272, HEORBENERIZKEL 7225, 1900
LIRS Th, 1933 4O IR = REEE, 36 KT 1960
FOT Y MR O 2 EOEEHENREAE Lk TH
5.
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ZDORMIEBIZBNT, BEIZE > T, B HPRERERS
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LT, BLROWE OBLR R IRRE T O K ER B RRME 2 U
JEL, EOBhEER b D RMEL DI A 1T 5 T LIFIEH
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PRAH. (a) KE, (b) EE, (o) Wi
-1 FAENE. (@ KE, (b)) EE, (o Wk
(a)

ST RS R L HEB R S A% 00 KAMIEE O /KB B9 D AFFE T L - iy o f

2012 4 9/18-10/23,

N (Stn. A, Stn. B)

K O®H:-2m, -18 m,

2013 4 (6 [ ) 7/26,
8/27,9/26, 10/25, 11/25

SRR KR, SRS, DO 0 e s tns |, WAk (SmD) B+l mOKIRIE 2 m R
2012 4F (3 [A] ) 9/19 . .

o i o BN 15 Hi (M 2

S [Am, #is, pomm 1041022 BRI BIAD B e =505 < 0.1 m

s (Stn. 1-Stn. 13)

fi )

(b)
RS RIS 201249 A giﬁ ls‘leslfn AS“‘- SU ispast 16 Hu
TR ST )
R [mesE 201249 71, Stn. 81, Stn. 82, f:on, %i%@%g
201348 J3 Stn. A 20y, BLEBITET
ZIOPb 137CS 134CS
FRERE G oK FR, KD B AR, 2012429 A Stn. P 0.5 m OFEIREEE
TOC

(c)

2012 4 9/18-10/9, 2013

WEEIm”2 5 1mMH

L Z @i - ik I 8/26.9/27 BN (Stn. C) "
A L@ - ok 2012 4 10/2, 10/3 fgﬁff 02))2 R (Line. | oo | piiz s
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DEIAREEZEZDBROBEREZHLNCT L2 L2 HI
LT 5.

2. A%

HHERIE, 2012429 A 18 H225 10 A 23 HB LW
201347 A 26 A5 11 A 25 HIZ/HT T, KE, JEE,
BRLOWRRIZEL TIT- 72 (B E6 (2013), &3 6
(2014)).

2.1 k&

K, Hord LOVEFEEE (DO) IR sl 4,
BN 2 HiS (Stn. A, Stn. B) 35 X ONESH 1 His (Stn. D)
D3IMETERLE (-4 (a), & -1 (). KIEIZIL,
KILEF (HOBO WaterTemp Pro V2, 7 U ~7 v 7 #H#l)
Z2m OB CRRE L, FEM7REE D40 oRE AL
ZWE L7, ¥ 121X Compact-CT (JFE 7 RNV T v
7 4£8) %, DO 21 Compact-DOW (JFE 7 KX
YTy 7)) AL, WEE T 2m, KEI8m,
JE L 1m @3 ETHIELE.

KR, 533 KL UNDO IR DOFRIE 5A A B R B
AT 7= 13 #i48 (Stn. 1 - Stn. 13) G, 2012 452 3 [A],
20136 To72 (R-4 (a), F&-1 (). WEIZ
X% HKER (AAQ-RINKO, JFE 7 KAV F w7 #k
B E VY, WEE D DK E 0.1 m FE CHIEZ{T-
7.

2.2 KB

7PN 16 #147 (Stn. R1 - Stn. R13, Stn. S1, Stn. S2, Stn. A)
IZEBWT, 2012429 AIZEIBEZATV, RLEGAR & 0T
L7=. %7, W3 H#5 (Stn. S1, Stn. S2, Stn. A) (25
WC, 20124E9 B X ON2013 4F 8 HICERIEZ £t L,
AR E, fi{b¥, COD, &K=, RER, 2V B
TompETEME DT L. (’-4 (b), &-1 (b)).
BRI, AR -~oFX o ZAVEHNTITo 7.

FERERVE (S0 em) %, AN 1M A (S P) T,
2012 4 9 AT o 7=, BRELL 72 KR % g ECalio
W4 emBIICAT A AL, R-2IRTHRIEICONT
Pb,,, VCs, MCs BLOEARESH L (R -4 (b),
-1 (b), &-2).

2.3 B

Vi ORI 43 AT O i Bl 2, ADCP (RD 1% 600
kHz) # MW T, #EWN1HS (Stn. C) 2BV T, 2012
FE9FISHMNS10 A9 H, BLU201348 A 26 H

£-2 JERITDAT A ALER LU HTIHE
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21-22
2223
23-24
24-25 O O O
25-26
26-27
27-28
28-29 O O O
29-30
30-31
31-32
32-33 O O O
33-34
34-35
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36-37 O O O
37-38
38-39
39-40
40-41 O O O
41-42
42-43
43-44
44-45 O O O
45-46
46-47
47-48
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OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO%"%r

MNH9 A 27 BT TiT-72 (-4 (¢), &-1 (¢)).
SNET L, WEELE ITm 225 1 m Bk THIE Lz,

BOEAMTCEEEE 5714 22 KEEL (L1,
L2), FAAMIZ ADCP (RD #1:# 600 kHz) #fif%E L TH,
MBI Z, 20124510 A2 AB X3 BT T-7- (R -4
(¢), &-1 (¢)). #EHE F4m ) bUEIEEET, 1 m
WHIE L.
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X -5 HtWrmm oA (2012429 A 19 H).
W5y, (c) DO JRE

(a) 7Kifd, (b)

3. #@E
3.1 k&
(1) fEWr i o Af

2012 /-9 H 19 H O /KIR O MEWrm 341 1E, KEH )
WZAMER N S > 723, HEREEIX o7 (K’ -5
(@). AKIRIFRBENSERBIC/HT T, HRe i LTy
BY, £EIT25C, BERNHLEITHT TOKE3 m
fHEDIEREIL 16 CIZ o7z, RFIXBRN LB E T

E—RRIC 25CRE TH - 728, EEOKIRIE, &0
ZEIZ LTI O IR 1CE» - 7.

BRSO L, BREIZHAT 28 OFZIZ LY
%Efsoﬂ?’f;ofwtﬁ: oS A W G
HANTIFIE RIS 33 RERZ 72 (B-5 (b). K20
mquiiﬁ 34 Thotz.

BRI EBRFZKRIIEL STV RN -7 (-5

©). BRISEOIZHT TOEED DO T 8 mg/l
DEVMETH - 7=, Stn. 4 205 Stn. 7 12T TOKEE 10

% O RMPETE DR ENZ B9 D HFSE, /) L « o
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X -6 e oA (2012410 H 4 A).
%5y, (c) DO JRE

(a) /KifL, (b)

m 3T D DO JEE I, JEPH L 0 A/ N E Dy o 7228,
L 5 mg/l LL ETE -7,

20124210 H 4 HOAKIRIE, KEFMITIFIE—FETS >
7= (-6 (a)). /K25 m UETKIBEDIETNH - 7-.
FJET22C, KB T20CHE 7.

HOIZx T AR OEEIT 2012429 A 19 H L g~
LEhEL, %%Eitﬁr%ﬁx L, AL, KEFMB X
OB T AICIEIE—ERIC 33 72572 (R -6 (b)).

9 A& H% O, BWmF KBTI STV o 7z (K
-6 (c)). Stn. 772>5 Stn. 9 2 1) T D K30 m 1T D
DO JREEVE, JAPH & RTINS /NE Do 7223, JRE
X5 mg/l LA 72572,

(2) ErZAL

Stn. A DEJE DO L, 201347 H2v b 10 H ol

T, 1EM S 2 B ORFJE T, B0 72
plaie ER AR LTWE (B-7). DO T
WA 4mg/l ETIRTT D2 BT, FFIZ, 9

23 H225 29 HOWIMIE, 4 mg/l % FlRI-7. LaL,
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5 o o o o o Q o o o 5 5 5 5 > > > >
5 Z2 2 2 2 z > 0 o 9 e 9 9 z =z 2 2
8§ & 6 ¢ & g ¢ ¢ g & Y = 2 & - & b g

B -7 Stn. A 23T DEREO DO EEDOIRIZ(L (2013 4F)

5. 0

1.(%:‘

-3.

g—?.

< -11.

§715.

21 i i

7126 8/1 87 8/13 8/19 8/25 8/31 9/6 9/12 918 9/24 10/1 10/7 10/13 10/19 10/25 10/31 11/6 11/12

X -8 Stn. A (2B DKIEDENE A ORFRIZE L (2013 4)

3mgl (EEFLO A % FED 2 L EAb-T, ol 7 aws
1 >4

=7 ® DO BJE DI ZAL & R O Stn. A 1231 A 1854 ‘ﬂ SO
LR O E AT ORFFZA LI, DO A & FEIC 18 " .

7 5 2 3 [ oo e [E]JE B¢, IR AR K IE AN Bl
HTEERLTVE (R-8). Z OERAKEAKID HEL &
DO REDEWM R LR O X A I 71— L Tz,
9H LAIMD 10 H FTAE TCOMHMTIE, KiEIFHE
TN —HEZRIENFEAR L LTH Y, BH»S FTRICK
AIEARBEA IR 72 H O T 6 B A LTz, Z O
5 OIRIRKILDOEN~OEEOREIL, ThEhii o
TWiz. 9 H 6 A OFARHIKARE X, RO 5 KIS
2m%E T, 9H13H, 9H16H, 104 1H, 10H9
HOPWARFIXIEE 2 5K 15 m £T, 10 A 13 H O
WRESE D SRR S m £ ThA TV, BKIEAILOKRE
TOFRHEREIE, WIThoOmARES 3 AFBRERE 7.

3.2 BHE

(1) Zef53Am

BAOETOHRIZBNT, FRFE (0 M L UM%
TOEHRR) 1L70% L ETH-o72 (K-9).

Stn. S1, Stn. A 33 2 U Stn. S2 @ 3 Hi L D JETE D 43 M7
AERT, BEPBERBRLEREOEETHD Z L 2R
L7 (R-3). s@BVSERIE, 3 HSICBW T, 14% ULk
Tholz. HALWIEEX, KEMEHED 0.2 mg/g-dry %

11/18 11/25

R -9 RIEEHARKDZEM AT, FN ORISR



ST RS R L HEB R S A% 00 KAMIEE O /KB B9 D AFFE T L - iy o f

-3 JREOHTRES
FHEEA S1 A S2
RENE R (%) 14.1 14.4 14.6
ik (mg/g-dry) 0.80 0.64 0.56
COD (mg/g-dry) 24.2 26.7 27.5
EKE (%) 53.7 61.8 59.9
uEF (mg/g-dry) 24 2.5 24
2V~ (mg/g-dry) 0.74 0.86 0.76
felbiEonElr (mV) 57 -15 -12

Bz, ZZ10.80 mg/g-dry, 0.64 mg/g-dry, 0.56 mg/
g-dry Tho72. COD b, KEMIEAED 20 mg/g-dry Z
B x, ENEI 242 mg/g-dry, 26.7 mg/g-dry, 27.5 mg/
g-dry Th o7z,

(2) ghiE=r

JEROHE 27 ONEN D, RiEHNPHHK S cm £ TO
KiEATIZ Vb - R ERTH- 7 (B-10).
FISem B 20 cm £ T, HESBHFICA OGN, H
REWMRENRBELEERTH7. £20em X0 X
SR KN EROBRLS LESTZE DK TH -
7-.

GOKEIE, REMD 10 em £ TIE, SHE T H OHRE
P ZDENAR D D H OO HFHITHE A LTz (K’ -1
(a)). EARRITFRE TIE 70%, 10 cm TIL 50% Th - 72,
10 cm 705 20 em TlX, E7KFEILERE S 7] O #LfgEEH3 I
Motz ZIUIABITRZEIICEZIRAL TN D Hik
DEELE NS, 20 cm XV FHITIE, $EIHOE
fetEIEsR <, 20 cm 205 25 em E TIZ 45% 5 50% (2
AL, 25ecm X0 FHITIZIE 50% T THH- 7=

HguRiFE (D50) 1%, S /KB OSNE 7 7 OB A 72
225721020 cm DETRKEX L 2o Tz (R-11 (b)).
15-20 cm & TiX, KA 0.1 mm FEEDRD TH -7
20 cm PAVRIZ P SRi£E 728 0.01 mm FRED L hT—HET
HoT-.

TOC 1%, 10-20 cm J& C, BAE /NS 2% R L7z,
FHESem & 20 em LETITE 30 mg/g FRETH 7= DIC
% LC,10-20 cm L 10 mg/g FEE TH - 7= (R -11(c)).

2%Pb,, 120 cm £V EIOMEA 20 em LV FHIOfE L
DHhEodz (R-10 (d). —#mic, "Pb X T
JEICm - TRAT 5. Lavl, F—Z 3o %R
LTWe. 7, R 10T T, REgoEs LT3k
WA NS Tl o 72

PICs 1x £ B T 14Bgkg 72 o 7= (B -10 (e)).
Bieg/Cs DENFEE D 12em £ TR 057772 (K
=10 (). WEH R HIBEITFHEILO Cs l2xh L

T, FH 20 00 H 0 Cs/VCs B ENE ORI
ESWTHETDE, 0593 745, LEN-T, #E
NH 12 em T, EERBHRTHSD LHERISND.
12em LY FETIE, "Csidmianinoi-.

3.3 iR

(1) Wit D ENELH3 A0 DR IRFZEA,

EHES (Stn. C) BT HKE4mMm»H 15m FTD
JE OIEFLR Y (25 REE) 1356 A7 [ OBEEE D3 i > -
7= (B -12). 201348 A 28 HEB XL '9 A 17 HIZIT,
AT AT 10 cm/s BLE ORI NFEA LTz, R
PEIXFRA ST A 2.8 cm/s Tdh - 7=.

—J7, K15 m DA, DT OBE A mh o 7.
8H29 MBI H2 AOHMIBLUI H 16 ANH 9 H
20 A OHIM T T 5 em/s LA E O A 54 L
TV, WIEEAMEIE T mZ 1.8 ecm/s TH o 7=,

KE44m P HKEISAmE (EE) EAKE164m
MHAKE3ZAmE (FE) oW fd R it w2 B L7
(B -13). %k 2HBrEENoORSE (B-1458) %
B FE 2 CRUF IR — AR S RE L7, Al L7z &
21T, BTN, TE It sl LTz
EE GREA) BXOTFRE (M) ki, KEWEFIZIE
400-500 m*/s Toh o7z, EJE O FIIMEILF AT M2
178.0 m’/s, " J& o> H [ 1 24 ) 1L 3 HY J5 16042 108.3 m/s
Thoto. MHIREOZE, HHY 2 70 m’/s D72 o
7. ZOEOBERO—2IL, REWMBPETE ) o7
720, REREESVDEBRE I TN W ETHDHEE
ZAbiD.

(2) it o> BT I 53 A

X -14 (22012410 H 2 HO 14 B 18 3005 14 FE 26
PTG TR L CHILE U 7 il o BE T 0 A6 2 R T
KB OHKES m ETORIETIMH, KESm 25 20m
F TV, K20 m LRI 72 - 72, BEWT 5 e,
TIENWIR X 12725 Z L1372 <, AT THENME T
LRETIZIF-ETH-T.
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