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Study on Method of Scattering of the Sea bottom Sediment Clarification Materials
containing bacteria using blowers

Hitoshi NOGUCHI*
Iwao NODA**

Eiji SATOQU#**
Isamu  FUJITA#*%*

Synopsis

Recently, bioremediation has been attracting much attention for purifying water bottom sediment.
So far, this method has been applied only to relatively small areas such as ponds or fish breeding
facilities and its application to a wide sea bottom area has seldom been reported. Economical way
to distribute tablets or particles containing bacteria uniformly to the seabed on the wide range
application is not clear,

This paper proposes a new method to scatter the sea bottom sediment clarification materials and
evaluates its applicability and efficiency.

The key point of the method is a blower on a ship that sprays the particles into the air. This method
ensures the wide spread of particles and the uniform settlement on the seabed.

In this study, the following observation or measurements were carried out:

1) Behavior of the particles when scattered into the air.

2) Diffusion of the particles in water.

3) Detachment of the bacteria from the particle in the scattering process.

Based on the test results, a design of the new method was proposed and its efficiency, economy
and accuracy were estimated. It was found that the new method has efficiency about 120 times as
much and costs about 1/30 compared to the usual diver-oriented seeding. Particle dispersion is
about 20% by the standard deviation. With regard to detachment of bacteria from the particles in
the seeding process, a certain decrease in number was observed, but the degree was not crucial, nor
affects the purification function of the material.

Key Words: sea bottom sediment clarification, sediment clarification materials, scatter in the air,
underwater diffusion
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G T D 14X 10%cfulg=1.0E+ 7. 1cfupg
F o TND 9.9Xx10%fu/g=1.0E + 6. Ocfulg
Y TNB 12X 10%fu/g=1.0E+ 6. 1cfug
F T @D 1.4X10%fu/g=1.0E-+ 6. 1clulg
P2 T D) 5.8 X 10°%ch/g=1.0E+ 5. 8cfuig
AR R () 5.7X10%fu/g=10E+ 5. 8Scfug

IOSFREE, TiHEROERLEDYC, T
ZEELTLOEE-12 R,

(5) BE

ZEh s LUK TR TiC kb, B — =i
. ML 3ET (DEE0mREE) LTns.
LOETORECOWT, BEHEEAIORERICESL
el b, ZOREOETCHNE., HICHET LWL
OEEEPEE. FOoMBE LT, [ZOREOEEL LN
i, BRI OB SEA T & BRI Hud R
A, TR, EHOREINE L CWALEER 20 5 TREE
TAHADT, HbEVHMIIIELALEZARY., HABRE
oEE A HIE, b, BEESOREREN. ASE
N ER (R T ALY S hORRKOFAL L Ml b, )
LD Tl
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B-12 S0k 5 547 5 R

HaOBERHEHEZKTETESERET0r—2 (D
E@DDHE) KBWTEE, A—F =N I0ETFLTWS
B, EPER S EILBRDOKPETICLAEOBSRIZA
—F =02~ 03 BETHE (@R LB O LT,

IDZENLELEM ThHEAT A FOREIZTH
LTWEAs T ) THETEAAGAD 20K PETZLY
BHICHMET 28, ¥4 54 FPORBICHFLTHSEY
ATA Mk, EPEA, HAEEKPIETIZL-THE
SR LW EHEIIS h .

6. MWEIAEEDEERUVBEEE

EPAE LSRR E 2, ML 25 AR, A8, &
HFES LML, SR, TR, BEEEsRET5.

6. 1 MLVATADHERE

(1) 15T R Mt

BA-13 tomd & 22, 20~30 ' BEEE D Eefiedty /N o A8
OB BAEE - R4+RBTHL0ET5,

ZDE D REANONIT AR KR OB OE M (i
KREE 2mBPLE) . HBREHAeES b TREBIS R
KANEDLDTHS, LivL, FOL 5 Ryl
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WIZBREE LCds W Aae L DB £ | HHROHTHR O
BIZb &5 & BbhaR, RyICESLEMIERT~XH
K& LUTHEMTONDEEELHS.

IOER I RAEBIC oW THE, BT oMEEDE LS
W EDTCE . BB AEYD O < MABA R —
THIET A & OME L, BERMET 5.

(2) HofmiEm

B ER TR AR AR 2 S . ki
Wivabosys,

REOWATHE I CHET S &0 bEFO/B DR
TELERERWET DT BLTOAY v b 2B B
L&z,

5 H AT O BT T ) A Sy B 2 & TIRIK VS
BH~DEAR A AEE & 4 D (F~13 28).

AN A v R BT R o REM G & L TR
AFTE, TOMELFRICEIOWERTE T
8.

ORI EERIBA AT ADA A — P E R
-14 (s,

(3) #eHoitds
AABDRBIZEb RO & s iz, DR LD
FHAMBIC R ERDEVABBEINDI L0 LT 5.
IOFTEI b Yy VR CESICARTTRE L TS,
IR ~OE LR ORE R T O OBRELY . J 1L —f
PP ELLY s T — BTy U S
YEZBRTLIILICLVIHRT Lo LT B,

20 ~30 272

(kg/ )
1 i i {4 A—2)

L3
4

#1400 &

13 MRS (£ A=)
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6. 2 FEEHOBRE

(1) #{LAEA RS 150g/ W DS

E A AT a 23 150g/m® DIBE IOV CEIERIZ S
WTHK T35,

EaOREEBEEEEn . 65 (TH1E) #R
LT Lo ERETS.

WIEIC W TiE, BEEL Vg R, < h
S ETH— WA T HEEEENL TN D, EEEE
B ERCBN TS T Y THUMTEEFEE LYK
Eholoicdh, BE#EMRTLILOLBELL.

EEF TOMMBERL i3, 3EOESHAERER
J0 18m EFRE LI,

HALFEARER L., MMEb 4 m & BET

B=2r+b =40m

5k

BERBA Y AT LA A-VE

MRRADATITIRE v i, BT HE A RN & L TR
G ds it DIEHERO R HUATHUE L AR &+ 5 &
v =6.5km/h=1.81m/s
1 H ORI HE, 8 BMOREREIIB LT 2/
R T HEN - St & e LT 6 R L RE.
Bh ARG 1 A8 ORATE o 3. BRSNS
Tk R 0.3ke/s 0 T5%AEH LABE LT,

q =0.225kg/s
HABOMAL T 4 1 3
=g n (v +a) =5m

AROR TR EAIEWRM 2 L L EELE.

LRI, BWVORBELD s -t F T vy
iCk s, 2E0s L=yt b F v 2 EEVT, L
FIRFRSE o bR AILRR T2 b D LIHETS.

BHEYORELBRMBAETCOTENL ., M8
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O LE X &8 100km® (10km X 10km #8%) LBELTL
DT END, HEERoRTEEICEL, FodlicsE
HTTHEZR RN H 2 EME L T, Skm LET 5.
R CATERFTERR T
T=W,"(q -n) =0. 41h
MAGREE TOMITEE u 78 40km/h (19 22 J91).
FABICELT A L, 2 100ET5 8,
BT ETDRM LT L EYSED
t=2XLASu+t,=0. 42h
1WA 7 7= 0 OFTERR T i
T,.=T+t=0. 83h
ALY OEY A 708 CI
C=H"Tw=7. 23/H
LR S0 OMLHEHW e I
We=v -T-1%86, 000m2.- H

(2) #HibARIBm B a 525g/meDS (H#%)

BEL LT, 150gm2 OF— XZHERLTRET S,
BETDEMIBT 3EBEAE LT, B0 BRI
B, 48 FH1E) L LTREAET S LD LR
ET D, hOREEFRKE TS S BEL2FEICLY,

1Bl OlETHEIWe X

We=460, 000m2,7H
ERE N,

6. 3 ®EEFEoRE

(1) #bHEAERR 150gm2nBEe
O{eH o ¥
LA O BAG AL, MRS L Y 600 Pike.
BB oR{ERIOREC 12

Ci=a » A=90M/m%--D

@ LA % IR b T

20~30 "L AR OMARIC, B8R B UM R < i & i A 4
ER2AOHIAFEVMAER EETETS.

iz, BLAHo OB ERBEMELEE LT, 7 L—4
FTE w2 BEERL, ZRT, BED OBELYEN
ERR e A b0 L MET S
INoDRMECFT 701 HOMY i (&
B, AEE) BRACQ LT3 FA/REEETS.
@ LA R B I BB

B RIBAEE 7645 #1100 5
HALA & 7 RO ERBER A7 Y 2 72 027 —=

#1300 5
AERETEHREAS 1= #9100 5 H
AN B #9500 7 M

AR A (FAVR) BB EER D 8 L <,
1HEEYOBRBC, 2B 2L 33 F/AEAD.
HEMSEY OTEC 11,
C,= (C,+C,) " We =3 m?
HFbF L EDIETEMC &
C;=C,+C,=93Mim?*

(2) #{LREAED 25ym?BE (%)

BH L LT B 25gm? O — A2 00T b i
D, A~ OBFEHBERESHITI4E L LRgEOFETE
HHEERE L.

DR, BEHFEC TS, BUEMYEY 0T
BCTiH, 6FORBC X, 16 HERHR AN

6. 4 EEIIBT AR - BFEEOBR

BE OMRMSHITCE vk ) BRIz 2T,
Rastilhfd &/ NEAR— M1 H ORI AEEL TIT 9 #
EEHET A,

WATHE >V T, BETHMTLTLAIEO B
-y ofbFiEdE RICEELLN D, Ba<d b L
To AT LT O im/s (=3.6km/h) L HEET 5.

FEio. FERMEMIE S D D AR & P FH RO
iz nutek, —REOMEg & i LC, HbRo s v
HFEEADE< D, MEREREI I ENBEERD
D, RIS E R LT AT R 0 THIARIERT
TOREREIEEZ I LR, 1EOHBCEST L
MIEWERDND. ZOld, BARER & Al
RRRA O LI, —A OWEE & R ICEAR 1 AT LT

ZDL D ARG T, —ARHEE LRI L g T
HTHRERCREEZHETS.

(1) #bFHEAT D 150g/m? OIFE

TAYDRIEESIWe i

We =16000m%/ H

HHEREL 0 I8 C .

C,=13/m*
EEF S & O TEMC,
C =103 /m*

(2) #HieAEA B a 2526e/m>0HE (H5)
150g/mPHECTRETHE, B VHEIRAIWe L
We =97,000m%/ F
THC B, HHLEDIETEMEC i
Co=2Mm*
C,=17Fm?
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6. 5 BhEE BEHolvIEed

IHET, —BRESR EERIE ST, HEETo
-,

HE B D TR A i — I & s T g -
Tz, Ll KREF B MABMITTERNE D 7
KE2mEEOEEE, £E0NSIEEEOIEAD—
BC.8EE LTIHIERIZ NS 1%UTERLENRS.
LT, KEHOS% EMEL T, — R & R
DEFE A 2 e kOREEORE 1T o2

R, Bkl XA ERREBAKES IR bEHZ
HEML LT B % 4T o 7o,
IOEIICEAER LA ABABEIT LB+ 5 L
THEA G 120 {5, Bl TR0 EERB AR,
i, ABETHELEROBETELTIETH BB
THRUBB TEORETI B BB LEbOR, &
B IR,

-6 AN THE & IR R UNRY T8k & o0 b

FTOMAKEY, #-4107T. T % T B B i =
WITE 6 H/m2
R4 WTAES - R AWALE | 96M/m2 [FLEIE 90 A/m2
s B 16 T gk h A 1 (F/m2) _ i & 150g/m2
o/m2) | B 15 g mA L Be| BRRTX [810M/m2BREL[E 500m
g |#HeEl C EWITE 1740F/m2[BRIE 50cm
—RRiBI(95%) | 96 6 96
150 ;% i H(5% | 16 131 90| 103 ERTIERCEDTEE bEEHFCLY TERE
2FEFEY | —CF) 6 96 KRELTT D, TORBICB VTR, BETHEE,
o | 450 13 g Hei 1B 50cm, LRPALAY H Sk T O BERE 1. 3kn TR
e5) . 15 BARAEEERCRETOTERREM LR LT
2 zglﬁgw %;2 i 1; B, IR TR T. BIE A S0em & L

(7 TR TR, EiR & — ik T i
OB A= R THT LU TR LB D, EHER
BHLARb2R)

ZORTLPDH LI, BAR 150gmis BT,
WA T, ML - /6, THEHZ
Bl TWaEN, TORHETDENLDH, &40
BT & A YREE L T,

i, AFRN TR RATIESICE, T0THE
i3, SEEEE LR ORA L EETIEDIZEBW
Tid, @WEES T 116 Li»>TEY, £EORKRFE
iz AR LRI LD,

i, BELLT, AFXE, BhkIdPETaz L
B LI A & iR L, '

FOFBREER-SIORT.

F-5 AR LB LIEE L Ol

M hE -
8 H (g/mZ) FIEEA I %
BAKTIZ
— 800m2/ 180MH,/m2
SIS m2/8 F/m
Bkt E 150 120 % 301%
DB | (H% 25) (5804%) (140{%)

REMERL TS,

AWAT LIS B W TR, TR SRR IT ks <
FHEINLILOTHLLP, AREERCHETIED
BT, BETERECERTIELEREIRNT
kit B s, T~8fEnENENRT,

7. TR

FHFR BT AETHESE v bAOMBEOR LD
EOWTHRET S B {EABAEROIEL>EDREE,
FiERoBGRICERER, BTHEN. BHFECHERER
ENBHAELOTHD. L, HERIOBRE & ER
OFESROBERIC OV TIREEMICEBRIZ 2Ty
B bdG, TITH, BAlOEHEOELOEICL
BEILFAMA E~OFEIThAvboL L.

wAAREOIE b X iz-o0 T, W LicsiTHEeo
b, WAEPOHECET VM OBEII- DWW THIT
W+ 5.

7. 1 WELCBISENTROELSE
(1) #¥—2A1  —RiESicBT s &
a) fRTE & ff

6 & DO WA X B IEE~O AR O RN m &
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BEAMICBIT 506/ 3% — 1 HHHOfMB Lok
FRE L.

B-15 O X DRI Ry —

I

0 W4 0m
L& SOOI DR A A A — & thpimD)
F— LTS AGedTh

Bd-15 MRS HE Y- F

RCATE B A 40miB O BRSO A F LT, MRS
bW SmTEMTHES, |HTHAHERSBEE, ME
ft (150g/m?) © VSHE T, FNRSEEMVIEEN B 2
2D EORS, FEONBEERD (5m)
ORI, BLIRD. (H-15 00200060000
DEPOEE L2 B)

IOEIE, EOX IR~ — By
Th, ZOAY—RFIZ—ECHNE, B IEER
DA/ L —ETHSB.

BMOHFEL 4 v o0EH0OFRORILIERSY
F[THERETD. T LTEFOBREIEBRERE T
mERETD, Zhid, SSUOBETEERLT A v
LER 2m CHEENEMITT AL CHYETS. Mo
AT B IR RS B BT EE & IS RFEL T
WA, ERREEBY T MERBIES 4 LD 2m
NS RETNREPVET MG, HhBRYAEE
EEbns.

MATFOEEIE Im OFRIC L ABMBEOIFL & D
BEEE T,

R
o= __......,...] X8=0. 04
204

o, BRI S o bRERROES > x, B
DHFATEEDIEG2E, a0 fEn (u—V ) 10
LL6BORAMBORTH Y —OBILICE S Rke
Hb2&, B, BISoEHc ks> %
ETERITIDLOEEEL, ZOEERE,. 0.,
0,4, otd, BTUHERODLO%BELBETS.

b) MIHECHE
k?‘%{*"d‘fﬂ’u (e} qu
DIEHERE o 11,

=
o — § [0 2
Far i |

EELLTOBRARDIES &

== O_. =20

FERP20%DEL>E Ll 59,

IORREY, L ERTERSHLEELTVEO
T, 150g/m?* & B EELC T B A, 120~ 180g/m?
WA S D R 68%., 90~210g/mITT & h DK
ORMEIT 95% & 2 5.

(2) Mok oiEsoE&

RHERIZ IS D TR b, —ARMEME & MR A s T
BET 5.

RHEIR A AR MR S A WAARII L B
BT T % R — MEETT et LM Mm% L8
BT H &, EPBAHERERLDH 10m ORI G X

&
5z

T DA,

o, Fhize L, 874 R 1.5m Chb
Nh, B\ E T, HTERASAERLN
b ()

ZObOE S 2 EERIZ- WL, —ARIEM & 1EiIFE
LLMFLTCEEL LToOEGEDIES D& o 2T
DE0UERTEEND. ZOME, g &5 L
RRKEVPERRBEOE L E L LREE Y.

7. 2 ESSHEBEN~OETHOEERIZ T
BE,OHERE~OETT AR >V TOMKSEOR
TR 5.

MO &2 100k m 2 (10km > 10km) . JEH) ki
10m & MBEEN TS

TEEIGEE LT 03 /yh (0.15m/s) S4ET 3.

W EH O R RE THEEL, 0.25mfs THoToh bk
THEEILA 40 B C. 2 ORI ORI L B & h 5 BEEE
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6m L4z B,

ZOEEFKEEREEITNEREVWLOTHIH, AR
WEOE X L E~A LA 1,700 50 LI LBS Ly
BHTHENLOTERHELZLDOTHE ).

{42, RBHERAS 10X 10m OFAREFICRVIEZ &
ORI MR e, s RO, SR Uiz
FLANER SN TEOETOMBERICIIE: A FEfHm X
NN THEAS. LiL, BB EE GG
. RS eEL LT REERIC L ARELERICRE
Fifsi b O TEDREEITEREES LD L Ebh 5.

£, WEoKFR - BAFERPERTHTELOT, &

BORTHBEIEBWTE, ZORERHEL TEMNTD
IER L oTEDEEL I LI AIIMAAZ LDLAE
LBbhs,

10km 2
O, 15m. s ’
L 3
- RS 00km2
KFE10m 721

Ps BEE  10km
B L ST EIRERE : 6m

BE-16 MMOEROA A—VH

£, EENLEBE~ET M, Bk, HEoiR
Nickn, WHEBSTIBAREOSTRENTOEED
RIECHEITHE L CIRERICEST 20 TR EDORE
BELTAS. LiL, ZOEEE, —RICEGEOES
DEEHRHLTEH T IFA~DELTH-T, W
FUHERTALI>RERRBEELI,

T. 3 EE
AFEIZBWTH, IHEL L TEL2E0REILS
WTHi A OBERTVRBEZT >0, KELOHRY
Bz F ) THREFELLHEETHED, BMOEORSR
WA ZF U7 ThB, 7T I TRERELEED
BESEFOAZFUTICELTWRTERBIZEET 5
LD ThH, £, SEOHEERERCLRIALE
Sl FAEARICENT, BRI L 4 -EL500ThH
»H5D.

ZO8, RTEOCESICHBWTE, SR olmi
O L2EREOBENE WS 2 LEHE D EEER
P, L EO&EEL L CERMOTBRIERAFELRVL D

REHBEETEERNE b Lk,

©
i
nujs
il

MR Hm R R L, ERmIiC L g — kP
BT L EES R G+ 552 8E L, #iAl
OEPETEER, APIHERREO Y 7 7 RHERS
wiTol., ZHhoDEBRBERELD ., FELTHFNICEBT
HEREEFMERT S E &b, DSk, B, TR
EERELL, TOFR, BAkEHERTLIES & I
U, MERESE T 120 %, BHEME T30 BOHEN KT
EOMBEERE Ao, HBIHEL L ToE{bLEIRA
BEORL2&iL, fic OB EREREH 2 L OOFEER
ETCH % EREEZ NI,

(2003428 14 A %41

HEF

AT 0 [E) -5 5 o ] A R R I B 7 1 2 e
AR L D IE L LTESE L, SR
BHRESEFRSERT SREF L TERHNEEZRS
KEBWTHE., B8 WEEE RS LER L.

i« OEBRERICH I - T, WHETEFRER, W
#3L, WY o0 FRRIFEHOGT« OB EFTEBL
.

IhLoEE,
BRLET.

WAhE e it B EROE

BEXH

1) BILE ; BB s 27 Vo RE, ¥
BT IS BT SR AT i I ARG 4E, | 19894F,
ppl-27

2) (#) PAREHREHELCHS  BRERSRBTER,
ERE 1 34EFERE, 20014, 429p

3) SFEFE HHOERETM. (W) BRERES,
19964F, 200p
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