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6. Water-quality Controlling Factors in an Eutrophication Model

Takeshi HORIE*
Yasushi HOSOKAWA**

Synopsis

Some characteristics of the factors sensitive to water-quality are numerically investigated e
to a mathematical mode! prepared for the prediction of the effect by bottom sediment im-
provement works as one of the countermeasures against marine eutrophication.

The nutrient cycle between seawater and sediment is formulated in the two-layer or
three-layer model. From the application to the bay of Osaka, the following facts are confirmed:
i) the horizontal distribution of I-P (Inorganic Phosphate), O-P (Organic Phosphate), COD
(Chemical Oxygen Demand) and DO (Dissolved Oxygen) are closely related with tidal flow,
tidal residual flow, open boundary condition, horizontal dispersion coefficients, etc., ii) the
increase of vertical flow or vertical mixing causes to act as to homonize between layers and
to increase COD and O-P in each layer by the promotion of photosynthesis in upper layer,
iii) settling rate is also affective to water-quality, and iv) unaerobic condition in the bottom
region of inner bay is successfully reproduced by the three-layer model.

* Chief of the Purification Hydraulics Laboratory, Marine Hydrodynamics Division
#*  Senior Research Engineer, Marine Hydrodynamics Division
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B:P=0.010 exp{0. 13(T>—18)} }
oL, T1=25.5°C, T2=23.5°C LA LTRKRDK,
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XL, RLK42 I T s e htc T IV

F5 | I-P(g/B) COD (kg/B)
| 139.0 1,920.0
2 84.0 1,160.0
3 236.0 3,880.0
4 29.0 390.0
5 1.0 150.0
6 372.0 5,030.0
1 22.0 300.0
8 321.0 4,330.0
9 79.0 1,060.0
10 519.0 17,860.0
Kl 15,197.0 225,760.0
12 2,325.0 44,640.0
13 91.0 11,180.0
14 $63.0 7,080.0 °
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16 187.0 3,030.0
1?7 182.0 5,210.0
18 182.0 1,720.0
19 15.0 3,320.0
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22 11.0 1,630.0
23 1,165.0 6,060.0
24 2,555.0 30,250.0
25 14.0 200.0
26 14.0 70.0
21 1.0 180.0
28 154.0 1,810.0
29 4.0 380.0
30 48.0 97.0
31 1.0 240.0
32 8.0 210.0
33 29.0 120.0
34 14.0 380.0
35 36.0 200.0
36 3.0 80.0
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J
2 3 4 5 & 7 8 5 10 11 12 13 14 15 186

(4) DO
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8 rERE o o 8 rEDE| o a o v
5 . TROE] o a [ v
6L TT TERE . R TTTT
4
4+
' g0 il 237 epgy
2 L
. L1 Ly L 0 L1y 111 L1ty
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y—24] 09 | 09 | 09 | 1.0 | 09 | 09 | 0.9 | 1.0
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DIFS BV BAKEL > TS,

TEH 2 BT X 0 TR X hoic I-P 2R
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&, KEPFTEOBENEEY, vy —E7M &
D LRIVE FICE N T Z OBHANHEY,

(4) ThEespE & 5 mRding

s L USRI FDOLODOHBEEY ML S8 2HA
ICEAT %,

FFIREEE DB Y H~ Do), FED COD Iix
LCREDBEE G52 oy —2 4, 2 Licr—
ZI0E L3/ Loy —R 1L KDOWTRE 3 ACE

v

(ppm) (ppm)
10 coD Ke |KexiO[Kyxis or cob st w2 [sixs
8- tERE| o a s 8 rERE| o a a
6l TEEE| o | o | ol FHRE| o | o | a
P [
4 4t TI
g o
IS SR L O L ST Y
0 L1 Ll L1 o 11 L1 [
Pt.2 Pt.3 Pt.4 Pt.2 Pt.3 Pt. 4
(ppm) (ppm)
O.|0- I_p O.lo_ I_p
008 |- 008
006 - 006
004 i 004}
002} 8 l l I QOZT 384
o Ll o Lfﬂ o L1l pes ohd
Pt.2 Pt.3 Pt.4 Pt.2 PL3 Pt.4
{ppm) {ppm)
0.10 0-p 0.10 - 0-p
008 008 —
0.06— 006 |-
004 004}
0.02 TQT ? ue
02| e fq.$ 002~ 7912 29t
o L1 il L1 o L1 L1 L1l
Pt.2 Pt.3 Pt4 Pt.2 Pt.3 Pt.4
[-4.9 Ly—eFAick2AERAGHE R-4.10 F/Edbre g & AKESTH

KI5 8

— 187 —




B O|-MINASR

(ppm)
0 €oo By |Bix2|8; |Bix2
8 i |si |sixe|six2
EERE| 0 [ o | a| v
i TEOE| o | » | A | v
4
Ity §: 2y
2 £y 2y
o} 1111 I [
Pt.2 Pt.3 PL4

X-4.11 TELERERE, FoREE s KESTH

7% COD, I-P L8 O-P % H# LChic, ZD&
B EA4.10 ICREATWS, @-4.10ic k%4, COD
ZETEE SUBEEERRE S ehidB/hL, ETED
ZELREL B ENb2DB, r—2 &T COD FED
TeREE (S 12 0.65m/H %52 T3, KR
DEHATIE 0.1m/H~1.0m/H BWEICLSHETS L
CHELBEZ TN &b, EFVTEWTE COD
DEBYEZ DM HRD 528\, 7k, I-P, O-P
K2OWTE, ThbDYEBRMEREICIE COD Dbk
HEEBHST HhThisWicd, —HOTEXYEBRWT
EEAEER LISV E WL D,

RICTRHED COD I3 2 8, SOkt
BEDOEBELYTANDL LD, Ly —EFLIENT, E-
4. VISR T R & T B 4 5 % fo 4 — = 12, COD
TRODREE (BL) % 28 Licsr— 213, CODF
BOWREERE (S0 # 2l r—214, B LU
COD TEBOSMHEE (B LUR#EE (S &b
W2 L — 2 15 o2WCRE 3 ED COD *#H
BLTHh. B-4.11 22 0BERYRLELDTH S,
H-4.11 iC k2 &, HREE LD b ILEEREIC X 5 BE
MAT, COD DETFTERE LCTIRTEBEEDOAE XM
BICEETHD Z EAmb,

7£3, I-P B3 L0 O-Piost LTizsem [-4.10 D)
& AR COD o ph s 3R FE 0 43 SR I D S8 #R D TN
I,

(5) BE:LZEL

2, KBWTERRLEFVRBE » B (Ly—%57
NI NSRBI RE A A T 5 M EHE I EE)
LTEBIIH LTHERREEZBREL O 570, BERCRE
BOXE I LVEDOER, KEOAHLHRELTCNSBT
HHSLERBHBBTES, Db, FEEYE
AD 10m 3L 1/2 & Lz 5m DHFA & 3 B>
T U RIWE FITTRHRE L,

(ppm)
10~ coD LBEIOm] EBESm
gl rENE| O a
el ‘I TRRAE . L
al- T H
2t 21 29
0 L1 11 L1 [
Pt. 1 Pt.2 Pt.3 Pt4
O.IO‘— I-P
008 -
006 I'
004 L
002 l o) [l
0 11 L 8| b
Pt. 1 Pt 2 P13 Pt.4
0.10— oO-P
008~
006 TT
0041}~ TII
ooz}~ g 99
o | 11 L1 11
Pt.I P1.2 PL3 pta

(-4.12 FEE&KEST

FTEEES 1/21C LCTbORMEIIR—& LT2 LR
NEFMTL O BLhLEE RV CEHE Sy — 2
17 COD, I-P, O-P #fR& 3 R CHEED BE 10m
Dy —R 16¥ LB LICEDON R-4.12 THD, £/
M EBEY 1/2 & Licyr — 2 17 DIE5 5 COD,
O-P LL ETFETELK>TWD, —F, P i3+
OB THEEE 5m DEESMNELL>TW3,

T EBOAEEBSEV 72 COD, O-P DAFER
BAVNEL, LI ->TEEIHBEINRS [-P 2347
o CI-PRBENE kDD EEL LR,

R 2@ 5 3 BCEBA Y LIcBADOKEICNYT S
RELHE L,

3EEFNVELTL, AICREOMHER 2. CiELA3
BrxveFur@EBL, BULMHE 3. ot Li-%&s
(ER-A.D) CHEIhS3@EHRAYETRDE, H-A.
1~A.2 3EE, RFESIOCTEDOKEREERS &8

*) 7—2Z16,17,18 F XUV 19 T2V TII/KEIRE RN K

#10°cm/s & LTEHELTWS. FofhosEERiTA
FROR-A. 21T LDTRT.

— 188 —



BRICBIAYEBREEE= T VvOKAXRERICOWT

1~E2BBI0E 2 ~B3AAOAERBERS T
RERRLIELDTHD, DFICIDLIICLTRDL
RithoBion LTHRICGREROf1ER 1. iR LeHE
BROIBEL~LVEFVEEAL, {18 3. » £-A.2
KRTRHC B I BES2BEYEERE LAY —2
19 L85 1 EORREERE Ly — 2 1812 DWTZth
ZThitE L,

K-4.13 1%, ¥— 219, 2L XD LEE 10m O
—2 16 EX¥RFEAFICOVWTHELILLDTHSD, &
OERICEDE, FECOD EEE O-P LiZlZEAL
DETIBOBENETEL > TV BDITH LTHET
IXBERMAO Pt 1, Pt. 2 T3IEDHBEMNEL, LA
>T ETEROEEXIIIBOBEDIT>INKEL->T
Wh, FP i oW Ciz3EEFve 2BEFVTRER
WAk, BR Pt 1 TRTENBCEL, £EECXIH
BHPEWDHEBbR S,

—%, E-4.14 13 3FE FAMCHEWTE 1ED 5m @

{ppm) H£EFSm | EEBIOm

10 coD ERERE o o

PERE] o o

TEOE| o .

o NV D O @
E —0
g0
*~—o—0
*—g-0
U [—e0
— a&D

L L1 11
Pt 1 Pt.2 t.3 Pt. 4
(ppm)
010 — I1-P
008 —
006 —
004+ I
002 lr
L4 ®
o 1 Lt . | I
Pt.1 Pt. 2 Pt.3 Pt. 4
(ppm)
0.10— 0-P
008 —
Q06 -
004 — T
002 |- o8 §e
0 | 11 ' L1
Pt.1 Pt.2 Pt.3 Pt. 4
E-4.13 2@e7v (LA 10m) & 3FEFN

(E1, 2[5t 10m ED Ik 3KEAST

DHRYEERBELI-r—2 18 L 2BEF V0 LEBEN
5Sm DFr —2 17 ¥ HBLELDTHB, ZOBE, 3
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XHICE4.15 R3BEFNEEWTELED 5m B
DHRNHEFERE Licr—2 17 &, 1, #28D 10m
BEREEBE Ly — 219 EO/BEX LEbDTHD,
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+T’G‘OP2'D2_BZO'COD2'D2

(I\Dz

— 032 DO* + w5/, DO** (A.11)
TE GG3@
DOy Dy
ot
= —"a—(DO <us*Ds) ——a—(D()a’vs‘Da)
oz 313 Ds oy
a ... 0DOs _i_ _.. 0DO;
R ACE e I G )
+ K;(DO;—DO3) — B;?-COD3s- Ds
—(DB)—'LUs/z'DO** (A 12)

Z T,

e B, (z,9): HREREBEROKE 2K, (u,
v): BiBADOxB IV y HAOHHE, wse,wse: H1
~2@RE L UE 2 ~ 3AMORENE, Di: FiED
BE, OP:;: i AOHEHREBY ~ (O-P) BE, IP: B
i BoOEEEY » (I-P) #E, COD;:: &:F» COD
#iE, DOu: i BOBERERE, K KEHEBEYR,
K;: BEBRAEY, G £E#HE(G=GoX1P/(0.027+
1P)), B": 8B i[AD O-P Az, BL: Hi@D
COD #yf2i, BO: i 0 O SRR X 2BHEME#E
g, Si: §iFAD O-P o, S £iRAD
@ COD thfpdE, Rip: ") »OBHEE, Rcop: COD
DM, Lip: V) CHARANL, Leoo: COD o
ARG, A: BRLHER, HOWA: BESMAM,

DB: EROBEMEMEE, B: CODEKY, r: DO
BEEH, Thd, LIS,
wye>0 DEE
OP*=0P,, IP*=1P;, COD*=COD., DO*=DO:;
wy2<0 D& X
OP*=0P,, IP*=1P,, COD*=COD,, DO*=DO,
wspe >0 D& &
OP**=0QP;, IP**=1P;, COD**=COD;,
DO**=DOQ;

ws2<0 D& &

OP**=0QP,, IP**=IP;, COD**=COQODs,
DO**=DO.

BE, R (AD~(A.12) ZBERATESLLT,
OP;, IP;, COP; 1k 0¢ DO; (6=1,2,3) * KR 7
v T ERKRD TP,

—EF3@ELVY—eFv TR, R (A.D~(A.12) i
BWT wye B wse ¥EGUHEIEE LK EL D,

1% 2. 3BORANEFNL
Fiho3ELrxrveFLc LT, 28, 28
$F3E, BLOE 3 EOHEER:

aC

at (u1D1 +ueDe+usDs)

+-a—y—(mD1+szz+vaDa)=o (A.13)
d
wase+ . (uzD:2+ usD3)
x
+_§y— (veDz+vsDs)=0 (A.14)

‘lbs/z+aa llaDa‘l'aa v3D3=0 (A.15)

1, F25L0E3ED =, y FAOEHHEX:

dur duy Ouy. P372(t1—u2)
2% + w5 oz ——+un oy ——+ waye 20.D1

_ 1 ap 0% 9%y
=fompr oy TAs gt A G

— 172G — )V Gu—u2)*+ (i —v2)*/ Dy

(A.16)
%"—+m aavl +u1 %y +wase —__Pa/;(:l 5‘['112)
1 ap 3 Pur
"‘T{z(vl—vz)J(ul—112)2'*‘(111_'02)2/Dl
(A.1D)
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WL OB-MNAER

P32(e1—uz)

TS +ue 'a—x"l' 'vz—az;'—'wa/z 2 P.Ds
0s/2(uz—u3)
twsys 2 02D;
1 dp: 0%z %ue
—f'Uz p a +AJ: a 2 +AII ay

+ Ti.z(un —u)V i —uz)*+ Cor—v2)/ D
=78 Cue—us)V (z—")*+ (va—v3)*/ D
(A.18)

vz vz dvz Os/2(v1i—v2)
o tus—H— oz ‘ve—— ay TWyz T, 0.D%

O5/2(vz—vs) .

202D,

+ws/z

=—fuz—

+7i(n— vz)\/(u1—~uz)z+ (vi—v2)?/D:
— 73 (ve—va)V (ue—us)*+ (va—v3)%/ D2
(A.19)

Ous dus Ous Os/2(res— us)

5t ——tus—5— oz +vs oy —Ws/2 2 0.5

1 31)3 0%us 0%us
=S oy o TAs g A

+ 7 Que—ua)V Guz—uz)*+ (va—v3)*/ Ds
—TstusV s +vst/Ds (A.20)

dv® dvs dvs Ps:(va—v3)
a +u3 a +'l)3 a us/zW

_ 1 aps 0%vs v
=—fus— 7 oy Sy TAs Gz T4y W

+72Cve—va)V (uz—u)*+ (ua—va)2/ Dy
—7rstvV s+ vst/ Ds (A.21)
BLUHL, #H2, B3IFOHEELEER:

alo(Di+D)]
ot

_ —%[ulp,(D,-i-C)]———%[vxﬁx(DH‘C)]

~wslyt [I\x(D1+C) 9P ‘]

2o Bl (c8)

* oz
(A.22)
a(paztDZ) —a—i;(uzp.zDz)——aay(vzpzDﬂ
+was2Ps/0—ws/2Ps72
+———K1\zDz 6,02> d (K,,Dz 3.02)
0N [ EP_
+<Az o0z )a/z (I\z oz )5/3 (A-29)
2
_%%D_a)— =T %(ltsPst) - —‘a—(vap*iDa) —Wss2Ps/2
ap a6,
+a—(I\mD3 - )+ Y \K”D3 ;
+(bia_z_)s/2 420

DFf 12 REBARKE LBUR (LR (A20)~(A
L24) BB 2 ES LT Gu,vi)(G=1,2,3), wss,
wie BER  #BBRT v T EICHETS,

% 3. 3BEFLOHERMLERR

£-A.1 3@ERhOHERGE

i JC FHL Mt
KIE R UR T RilRa B—3.2%8, 4kn
g [ W1 5m, H2H5m
B OR & # X —3.3%8
woK WA IR X—3.158
iR R R 0.0013
i KRR 0.0026
AKE BB AR 5 X10° /s

& 55 1 /§20.8g/cw, i 2 [§20.8g/cm,

MM EIE (0) | g3 oo e fom fiz0.8¢
SALZXT 9T 36080
AL 8 iy
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BRIk 2YHABRREE 7 VvOKEAXBERIKOWT

7 8 3 10 11 12 13 14 s s

(1) £ & (2 B

2 03 4 35 6 7 8 9 10 M 12 13 1415 e @3 4 3 8 7 8 9101 2B N3

3) T & (4) £B¥H
B-A.1 3@L~vEFMCEDKPEEER



iR - R DI EAd

10 -47 -27

-33

2 3 4 3 6 7 8 9 <10 11 12 13 14 1S 16
T

J
2 3 4 5 8 7 8 9 10 1 12 13 14 15 38

(2) w~T/EH

[-A.2 3EULNVEFVICE HRBEEE
(Bihr: 1/1000 cm/s)
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BRICE Y 2PHABRYUAE T vOKEZIBERICONT

x-A.2 3EPVHEHBROHERG

r—2R
" 16, 17 18 19
4+ OB IE (1/H) 0.488 - 20.488 | - §0.488
0-P5H# £ b 00198 0.0198
(1/H) L] 0.0198
T 0.0201 0.0201
C O D4t i 0.0155 g:gigg
(1/8) T 0.0160 0.0160
afRIcE S + 0.0239
D Ot ' 0.0239 0.0239
(1./8) T 0.0147 0.0147
0~ Pk & 0.53 0.53
(m/8) o 0.53
T 1.04 1.04
COD#H = 0.65 0.5
(m/8) | 0.65
F 1.95 1.95
7ay7—1 5000 5000
ERND O no =2 3000 3000
(mg/m*/ ) n  —3 3000 3000
n —4 459 459
Toy7—1 29.41 29.41 [ %
I -PiFil =2 21.30 21.30
(mg/m/ ) . —3 7.21 7.21
. —4 6.42 6.42
Tay7—1 211.0 211.0
CODi# no =2 105.5 105.5
(mg/m*/H) . —3 93.8 93.8
n —4 66.4 66.4
MREE0.90 A7 320.90
B R % # DOIZ 1-8.0, F6.0 | DOI3 18.0,18.0
ppmiZ B 5E F6.0ppmiz AE
C O DinsEfRik 93 93
D O #irfRik 143 143
R AsR (1/8) 0.1 0.1
oW R B (ew/ s) 10° 10°
o-P (10.04, (F0.04 | (B0.04, 0.04, (0.04
oW I-P 0 0 o 0 o0
(ppm) cOoD 1.4 1.0 1.4 1.4 1.0
DO 8 6 8 8 6
FALRT YT (#) 720 720
i 5 ey W) (ihiv) 60 60






