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Abstract

Historical variation and present state of water quality as well as flow rate of the Nogawa River,
one of the tributaries of the Tama River, which flows in the southwest of Tokyo are examined.The
.population of the river basin has grown 4.0 times in these 35 years and urbanization change of
situations around the river has made the Nogawa River a typical urbane polluted river.

Close show observation of the.mechanism of the pollution in the Nogawa River, therefore, may
give general keys to show how to restore the water environment in populated area. Two main pro-
blems could be referred as concluding remarks:

(1} Though the water quality has been slowly recovered by gradual accomplishment of the river
basin sewerage system, such a system has reduced the Nogawa’s flow rate seriously. .

(2) The Nogawa River has bigger BOD flux at the connection with the Tama River insummer
season than in winter time. This is caused by the growth and decomposition of benthic algae (about
3 ton BOD/day is produced in the Nogawa River at summer season). To keep off the growth of
benthic algae is one of the important subjects to be considered {or the restoration of water quality.

1 &
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Kinetics of Growth and Detachment

of Attached Algae on River Bed

Hiroyuki Kawashima and Motoyuki Suzuki

Institute of Industrial Science,
University of Tokyo

Large quantities of attached algae grow in urbane shallow
rivers that receive nutrient enriched effluent from secondary
sewage treatment plants. Deterioration of water quality
caused by respiration and detachment of attached algae is ob-
served in these rivers.

The kinetics of growth and detachment of attached algae
in the circulation type artificial river are studied in order
to determine parameters involved in water quality simulation
moledl of the shallow and polluted rivers.

First order rate constant of algal detachement was found
to increase with aging of attached algal community. And on
the basis of the fact that only this surface layer of attached
a]gaT community (about 0.2g chlorophyll-a/m?) receives suffi-
cient light for growth, kinetics model for the growth and

detachment of attached algae is defined.
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IR T 5 o & & Crodic, @ik 24NV R A T Db, REh ToKEOZELEKEO
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with time (Stream No.1)

date time Tem ph sS Doc 1c NHE-R NOZ-H .. NO3-N  POL™-P Remarks .
(x) {g/n') (mole/m’) (mole/m')(mole/m’) (mole/m’) {mole/m'}(moie/m’) H
i
. ]
27 18:00 294 7.40 0.7 1.2 . 1.48 0.46 tr: 0.26 0.03 P
. -1
2/24 19:30 291 8.53 2.6 1.32 1.20 0.04 0.03 0.10 9.6%10 exchange the
2/24 21:30 - 7.82 5.9 1.38 1.58 0.47 tr. 0.02 0.03 weter
2/24 20:00
2/26 12:55 292 8.57 5.0 1.07 1.30 0.16 0.02 0.01 9.4x107*
3N 12:30 292 7.91 0.6 1.28 0.84 0.47 0.01 0.06 0.07
3/3 19:15 293 7.70 tr. 1.26 0.53 0.23 tr. 0.14 0.05
exchange the
33 19:40 289 7.63 8.9 1.39 1.39 0.39 tr. 0.13 0.03 |vater
. 3/3 19:30
3/9 11:30 293 7.92 5.8 1.7 0.66 0.04 tr. 0.34 0.05
m 10:45 295 7.60 5.6 1.23 0.35 0.22 0.01 0.35 0.06
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Fig.7 Curves of growth and detachment rate simulated by
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Nomenclature

De(t) = amount of detached algae per unit area time [g-Ch-/mz/s]
h(t) = detachment rate constant (175
i = inhibition constant o/ g.ch. /s ]
M,M(t) = amount of attached algae per unit area Cg-ch./ni]
Ms = amount of attached algae per unit area ( upper layer ) Cg.ch./uf )
t = time (s
yix = specific growth rate 1/s]
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Selfpurification and accumulation in a urban stream
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Hiroyuki Kawashima, Motoyuki Suzuki

B KA ER TR ZERT
Institute of Industrial Science

University of Tokyo
T106 HWHREMEXAAR7—22—1

Abstract

Organic carbon balance model was utilized to describe
' the variations of SS, DOC and sediment in urban polluted
rivers.  This model incorporates dispersion, convection,
sedimentation, aerobic decomposition, anaerobic decomposition
and growth of benthic biomass.

The calculation based on this model is compared with
the measured quantities in the Nogawa tiver - one of the
tributaries of the Tama river - a shallow and polluted river
with approximate flow rate of 4 x 10* m®/day at midreaches.

The modeT shows that considerable fra;tion of suspended
solid is accunulated in sediment of the river. This is
the reason why apparent high selfpurification constants are
observed in midreaches. The sediment is flushed out during
showers and heavy rains. 3.3 ton of organic carbon run off
was observed during a shower oh July 13, 1981. The estimated
value from the.model reasonably explains this result which
assures the plausibility of the model proposed.
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Selfpo lution in a urban stream

— Inorganic carbon budget in a stream—

M & iz £ NI s

Hiroyuki Kawashima ., Motoyuki Suzuki

SR K B BT DS T
Institute of Industrial Science

University of Tokyo

T106 HEHIBER RAKRT7—-22-1
Abstract

Deterioration of water quality in a shal]dw and eutrophjcated
river is caused by respiration and detachment of attached.algae
on river bed (which is reffered to as Selfpollution). A
model based on longitudinal inorganic carbon balance is proposed
to account for selfpollutionrate in such urban polluted rivers.

By applying this model to the Nogawa River (a branch of the

Tama River), it is found that the alkalinity in polluted rivers

is not constant because of the djurnal and longitudinal fluctuations
of NHZ-N, NO%-N and NO%-N concetration.

The material balance reveals that about 347 kg/day {(in summer)
or 163 kg/day (in winter) of inorganic carbon is fixed by benthic algae
in the midreaches (10 km) of the Nogawa River. If all of the
fixed carbon becomes an organic carbon represented by glucouse
(C6H1206)’ this amount corresponds to 925 kg BOD per day which
is equal to BOD discharge of as much as 23000 peoples.

Thus it is of importance to control benthic algal growth

for the purpose of reciamation of water quality in shallow -urban

rivers.



1
WHierogMemha@lici, Ao TAREXEficns o T, KAT 3 BFERYHETE~ L
TOBMICH Do L LEIRTR, TROWMANRTELBERT 2 ETEE > TV BNEFA V. Z0F
»BODMREEERET LT, FIERRAMEUETRL EORBFIC L » TR RBETHFLEL TV 5
BEV, T ERBEORIE, BEBRLELZ EZRABETLAT - T VWARBKELSBEFiT AN
TWATJIIBNTHERDND, Z0 L) RN TR, KBEERAFKRE CEHELSVEWRSIRNT
ﬁ%&ﬁﬁﬁkﬁ%&b\:nu;émﬁwﬁw(ﬁmwaﬁ)%ﬁtKMEtLTEEénrwéj)

RS RO KRBHKC L3 KEDE I, Zo0ffints 5, f—ik, BEOPRIC LY, X
BIEMAE LTV BEMERWT, R DO (BHFRR) BEFETT3METH 2, Z0 L) iR
TNEHBEOBODYWHARALALZ L LFERMCERACKAY, BREA PESEYHEENCERTS
i, MERBRETH D, BIE, FH LTWAREVRRT 3 clin T, Zo—8 4R TL. T
WA L CHaBEREL 2 5METH 5, TOTEEOHEIFEMEHCIETLELCTWBR, &
i WE TR R B AR & 1 B ’

Lr LERLREETOL ZA, HEEERVKEORECH LEOBEOEFBLE L TWaNIED
W, ERENCHESHR LARERI AV, BNWAXRPR TR, FESEEHOREERC L3 KENE
LRI 2 - TO B I (BRI OZN ) PlRBERZ L L. BBEQOERMBE AL/, 2 TH
e LTI 20D ki o5, ABFRCR 1Ak R 0 ISR TBINE J 0 BB 2 HEF 5 FE,
e AgoRRBrN N0 BBER S T5 ETERTHS 5,

i

2. BBOTEE )

%K%%BQ?¢¢ﬂM@E@E%#méﬁ%ﬁ$@%%mt%zé:au;v\“EWUDE%E”
FEOARE L WERERB LT TIRBHERS 2 L 2R Lk, APIR TR, ABRAROYW L E R, &
CBRFBOFELE LTHREMAER LK, '

YR £ 0 BRI Nl RFEF, —M3PRIEBIC L VBU CO & LTARIZKIE B, = DR,
MFEEHET 50 BPEEARIC LV BEVBE SN B0, BRE L5 DORECETRME A A
WAL, BEEREROZLZTHoN S DD OBRENET T 5, £, BEORECHLVWHBREOK
THREPICHR L b 01, BRI £ 2MKOBL I FBEET Uy FHAKMO & £ 28k L B 5,
UBMTFOFRRFAIT A 0 FAE L& TR E NI LEA DN DM, Z OB BESBKT
%o .

PlEmi~rek o, —ERBEE W RER, KA SPOBTIIMLE N, 2 O BE & M 5,
1212 W R A & % RS 0 AT BB 00— 8L S R 0 B C 7 8 Vv RRe ¥ L AR & LS ;0
TR 2 b DSIFAET 505, ZOWE PR EEZ DN, 2 CHIET 5. W Ic, KDY Tl ek
REOEEAEZS - CTEHBBREEERDT I L ET 5,



3 mEREEEEOAE

3.1 F %

SR mREe. PP R RS T, MRANSE & 0 B & M SRR AT B T kB, RO
HEEIRC £ 5 ERREE RO WEE, MRCHE LT3 WEE 75 vk E2HnTHL, Bey.
W VB LDMBRME LI RO TVE 60050, UL, HHAREEET 5EEOM)IIC BT,
COL) BHETHNEHORFRETE % ENET ERCHELES » 2 EMNE S, Teble.1 K i

ek (St. 3) BT 3 FR A date | 1o [9/m?] (ig;;gt])pyll-a
EERELT T, (1L &3ELs e 0.96
S EELREEY, HEYES 54.7 . 0.73
LM%, chlorophyll-a H, &iE a2 | 00.0 1.73
WEBECHAL TS EZ 2 bh5,) 8.7 14
e o - 68. .0.74
S, KB, HEE SRR o3
1.08
(KB 150m, HE 0.3 m/ s BE) 1037
53359 160.0 1.75
DEFLVFWM LA OTHY, &
84.0 1.77
Sl Stigeoclonium tenue TH -
105.0 1.98
7:0 :Oiif:r&]%@%#'@%\ i;gilz 127.8 1.54
TIRART LS LAY FNREE 52.7 0.86
15, Bl FETI8E
GBCRORMCS AT OH T Dt ol areiches slase o rock.
(Chlorophyll~a was assessed in accordance
FAdH 0, R it o 34 Tl f+ with Lorenzen method -16) )
(IL was obtained by difference between the
%ﬁfi/}\fl"‘o ) Ei'kﬁ. %% weight after drying at 383K for 3hrs and

the weight after igniting at 773X for 3hrs)

ABEE, AROBOLNAZRAELHOER LAY v A LYV ARESEROREEER 2T T 5 2 LT,
RERBENROEE LI LEREBEHBRV,
%:vxm%fﬁ\ommusﬁ?ﬁﬁotxawmﬁoaﬁﬁmnﬁaL‘:n;bﬁMﬁwmﬁi
BEREHETIFEEAVEL, b3S ERTIaAMEEN LY LTS 2 BErROMIC R L
TBY, ThERWTREREREHET 5 2 LHBAOTARNEDEH L TONEL D k50 Bl &
EAbND, OdumEBM)IIOBFNE L 0 KARBEHZ LTV A2, ThEVEBERECEER 2R
I, ey, Y vEOSRE LRAFCKEGRE. FRELCEORVWLAM T REEEOR VI X
DRESRR D, TN A, REBAEREZEDIRE, BRNL L) SEREENLZ0 8 00N 25
HT3FBREELY,

ARR TR, ANAORBRZECHRT HAONE 2EALS I LI & ) EBERFOBETRE ZRD I,

3.2 AT DEEERFENT

BRI BT 2 EBEREONZICE, 1) KETORKEORHE, 2) FHEERECHFEZEYOTE



Ic

Bz k3. 3) HENTFRALZLHEDONXEROBEOWM VAR, LEo=FHANEEMCHE LELS
néo
Tl o dic] W, KR, MR-, <@ H0, AR BESTA v E{RET S &
AN OBEFEBRFNZ(IC)DRERRO LI B EbLE 5,
2 9
aIC 5 *1C IC . KLcoz(H2

ey
3t P 32

CO%—I&C%)+R—P+I
—(1)
1 EERZRE (2/%)

Dz [N AREBEEHRER (n/s)
Vo oii#E (m/s)

d KE [(m)
Z WhHEERE (m)
t IEREE (s

By RI(E//s) RMETRPUEBRDYORRIC LS 1 CORM P (F4/s) BEEK
RLBMBREOMYAAE, [ 1 (/m/s]) BEMHEF LY D1 COMAEENENEKSY, KLco,
DU JRPUINAKETO CONMABWFEE 2. H, CO3 [ (£ 1 Co5 BREL TV AWSF
ﬁ@ﬁﬁﬁi@ﬁﬁé\HémﬁsE%%ﬂmxﬁ¢0c%®%E&HmmfiﬁKiDiiémC03
DERHEMEE (05mg,/L, 20C) 2Fb¥,

(DRI 8T P BIGR O BRER: ( A8 ) & #bT,

3.3 MBREOKPTCOE
(DX Streeter — Phelpg) 270D OIFER E—HBOMEER O TAMCH S, LinL, -
T—HNERE, DOOBELORTHREL DTFHBIRICEIL LT a2, 1 CogAIH, CO, B

5

1Cﬁﬁ%$%u%%bfwécafﬁéoK¢tﬁﬁ?6m&mﬁﬁw@iﬁmmmbrwés
H, CO; 2 HCO; + gt DK, —(2)
HCO; & C03}~ + H* : K, —(3)

K, . K, 3FEHEL
WAK, 1CORZ~OHH, TREBRTHIELL ChoH, CO; 0UAEFMORIEL LAV, &
H, COy « HCO3 . COf " 0fFEHE (2 k)b ay, . @ £¥5,

(H, CO (HCO; Co3~
g = D o HCOD o, LT -
CT CT CT

CT=[H, CO; J + (HCO3) + (C0O27) —(5)
(H, CO; ), (HCO3) ., (CO ) HEALEE  (mole/t)
D, &, G BROXIC p HOBK E LTHEbT o & AHES,



K, K, K,

—_ . K -1
R S T —(©
CH™ ) K, _
@ (e i s ) T ~)
(H+t3 (H*)
= . -1
a, (Kl K, s K, +1) —(8)
(H*3) = 10-PH —(9)

ZIZT, H, CO3 RESMATH A5 1 CoPEEL p HOMIC 3 BGRMK ALY 50 Zhid, 74 H Y
e 5 Bl C TR & 5 kRl se
Alk=CT.(a +2.a, )+(0OH" ) - [H*] —00
Wwaie, o700 ) ERPeEtisthid, BLTnwad 1 Cofti ntoRNEMCTpHERET S Z
EMHIE, CNEOERENMILTH, CO; JBD 1 COLEDHEE MTRIREL B, TA D Y EDOHNME
NEOR EM 2 ENTIRE 2 5, .

4 HillhFBOoBRBREETE
T C ol < 7z F ks e O SR P PSR o0 SR IR S 0 B2 i o0 URE 2 A 7o P T o EBKF 0 EE R

FRET B I wIT L,

1) KRB e EORPC RN DY <7 A -4 —OEERET DI Lo

2) | CoNBEBI~0MALL, WHIEENET I L, T2 T, BERE L XARE LT HICH, A
WO BALEH A MET > LENH D, IORAFEHCRVT, BWEEXEHAThhawe LT
Wit R 2 IRET Do

3) WREMOT7 A Y EEY 50T 5,

Lk 3 Erniitdd, Kokubunji . i taka 0gikubo
4.1 B J/Af G Chuoh-Line
AP BN THRE L | N e
)i, BOPa i & 6 m i ep \ 5 ke 1o,
LHMNOZHTH Y (Fig. , ~—
LB . ZOBREKSE. 1 T ey '

~ St.3THMMIEHT m, K

2 0.1~0.3mbkk 0.3~0.4

# " 0 z 4[km) ;

m/ s fREONMINTH S, =TT . \Lﬁ&
N

S T I 1 T K %5 Kanagawa Prefecture

BLTV57®St.1~8t,3 Fig-1

The Nogawa River basin and the location of each station



@%f@ﬁ*ﬁk&&amgt$?bmb\Sul;Dtm%ﬁfm@%%m@TmﬁmAbrﬁo‘:
NI EYVENEHERE TV 2, S0 B O DIRER 20mg/ LRE, /- ¥EEHE TDN (LBFE
#O)f1om, L, TDP (EBIFEY v )W img/ L LAHEEHOREIC -5 5T CHAE L T B,
D7 HEOABEIIRPTIRICHEE LT 5,

4.2 1C, 7LD EDREE

1 CEEA 2 (DT AL /IZ A, ikf‘?%-i&ﬂLTJ??B%?:J:E?&XSHJUC%I L. BEERIMTOC—-108
ERWTHEL 7o

TAAVEZICEpHORAEWET B LR L VOREMNTHER Uiz, = 2 Cp HtEIEE Ik
pHA—2—2MAWIBIZ TIEL 70

NHHLPWZMIMEN@\%n%n1#®74w5—ﬁﬁﬁmﬁbr\*za—ﬁ?Nuf7%w)

7 7
TF VST IV AT 7;;1/15@?[;) 7’/»«/‘/7"250%:}; D RIE Lize

4.3 RAE, RHE=E 30~ T I T ]
HRXfH~0 1 CHRALE A D_Q_ODA OB 50
°c o
St.1(Pig.1 &) T = T 2°5% 4 o* . °f
= 20k _
Lo TOHREFig. 2 N
o)}
WRTo CNEDVHATSIC £
- . ‘ . ~ ok @ July 25-26 1980 _
g, Hrxcweh o 2 a Feb.19-20 1981
Roeniv, £, AALEH o Jan.18-139 1982

b5 | P ==} 3 | { I
B <, BT ETRED | 05 5 2 18 2%
fﬁﬁ’}/“i‘éﬁﬁﬂfﬁﬁl‘onébi‘ tlme (OICIOCk)

o SR Fig.2 Diurnal change of IC concentration at St.3
RE—ELZA 505, St.1 Solid line (25mg.1) is used as boundary
THAMEOBEE 1 T, condition in IC budget estination.
HRICETFOER b 5 5, 30k . ' ' [ -
KB CMAT £ 5T 5 w00 Rzg0N0* g
Te i I PR —E & R LT = 50k
5 N

el ‘ @

HEfRER, St.3 iR E

§ (@) TO_
WTIME LT, ZThEFig. =
3@EN. Fig.3(b) i
: 1 S

Fto (HdER) o, % 6 2 8 %
1 CoMAMEME I & h 51K time (oclock)

oS Y S B 1 Fig.3(a) Comparision with observed IC concentration
Hn KA BUEBE AR L 12 B and calculated restlts.(St.3,Aug.3.1981)
EFE 083 BEIE L8R T R=4.0%X10""* in all cases)



W3o, DODHPE Z0EIE,
&k&gﬁwénmwfé@ﬂ
HEDODHARR L ORRE
BENOIRML, 1 CTiEH
H, CO; BBL i &+
pH7~8 fHECHRARE H &
MICPENZ IR LB EELD
ns,

4.4 BHOTILHYE

B bR g5 pHO B
RER % Fig.4 (@EH# Fig.
4(F M RT, ZOPHE
Fig.3 TmL7z1l CLoBtk
E—flL LT19824 18 18
~ 19H®D St.3 DFPAHITHONV
<. Fig.5 KFRT, Fig. 5
fl7AH Y EEF—EL LTWO
REAWTEHELLpHELC

DEAREFERB TR T, (Alk=

1.2~18m eq/L) T I T,
BMO7 s ) ER—Es b
RMEEHEIC L > TRE 72
ik & P BT 5, Ll
KIRix 1 CHRBAPTBcoh
TT A ) EREAT 3 HFRII
B Tnwad, Eiz,
THFHFOBE & 1 CHHm
T3F¥osh&oficid, ex
7Y VARGFEL, pHELC
ofic ik BN FE L
WIZEAMHB,

WX E AW THERB LcZB8N
ERBTBT AN Y EOEL

1 CAA

IC(mg/ 1)

Fig

pH(-)

T 1 I

30 . _
P,=6.0x10*
20
10— —
1 | i |
OO 6 12 18 24
time (oclock)

.3(b) Comparision with observed IC consentration
and calculated results.(St.3, Jan.18—19.1982)
R=4.0X107*in all cases)

I T T
o St.1
gl 2 5t2 SRR Ra 5t.2,3
o St.3 A X
/8
q o
/ a0
81~ /2 i
C/S
A A 9
a—8-8-d—n O g O g 24
T NSt ]
! I L
0 6 12 18 24

time (dclock)

Fig-4(2) Diurnal change of pH at St.2 and St.3

pH(-)

(St.1:July 25—26.1980)
(St.2:8ep.1.1981)
(St.3:Aug.3.1981)

w

| 2 St2

a St

o St.3

1
6 12 18 24
time (oclock)

Fig.4(b) Diurnal change of pHat St.1, St.2 and St.3

(Jan.18—19.1982)



(&) £ Fig.6 (@icRto LK. M
MAD p HOBEH® 1 CONFEH 172
PIRTHH 1 COEMET->TH LT, 7
NMAYVE—ZE LT, pHOEWHDORRE
mﬁrlc@%muxéa%ﬁu?ﬁg,
Linl, ZBIC 1 CEUELTAS YV E
rHEET 5L, HlloBAFig.6 @K
RTLIRET AN YVEE—ETEV,
IOHHFROLICEALOSN D, F
B, TNKOT7 A1y ErE 2 5EHE
BRyABIE wvBE 7ve=7,
BRIRI, e, v vEBlER ETH B
kwbné?coig‘v4@ﬁ%mv
BERELKEAAAEH A5 ik
Eri v, Fillo ks 5 EEA) OB
B TAhVEEEIAHENSI LT v
E=THERETCHEEL, oI Ok
RARBHOPEEZT TRka A AL
ﬁ%ﬁbﬁbg&%?it\Ty%:7
HE T s onh THEBtah s, =0
e, FHWREBTI7 ve=T7BEX
WE Lo TORREFig. 6 BICFRT,
72, AKFICNO,” - N, NO, - N,
DEWESTE L7z, NO,” - N Diftfr
BEANTH o7z TTTENO, IN @
BEZFig.6(c) KR¥o NO; -N®
BREZKRTT 2 oW TERET 36
AA. FAEE LY Aho B3 BENE
Vo TR, BFEDOD EFK RV
BACGEENKE S BB 2 &, E-mii
DODBENET 3 HdBENE LT
WROHRENASS L LB EEA LN
50 ZITNO; -N BfllKkfTcEE

a
IC [mg/1]
Fig.5 Relationshep between pH and
IC concentretion (st.3)
! ]
200— ]
o
e
< &=
~
o'
g 15— |
< st
T ost.2 T
Dst. 3!
) . L ! l 1 t ¢
0 3 ) < 12 15 3 2 21
(o’clock) [time]

Fig.6(a) Diurnal change of Alkalinity
(Jan.19.1982)

]Dl—
=
\ 1
2 0
=z
-.‘.‘f'
z
5 ASt.) |
CSst.2
CSt.3'
[0 ! : ! l ' 1 4
v e 5 S 2 5 15 7 2

time)
Fig.6(b) Diurnal change of NHZN (o'clock)
(Jan-19.1982)

—59—



LT<o £72NO, - N &IRAHEHE 5 ' ' ‘ ! ' ' T

— -
! £S5t \
(pk=315, 20C)LV#HAT, pH L oo
~
7~ 8 KT P AR T & LTV N 2l 0%, D‘
g ) =
TWBEERBNDo WA BT Z ;Q ll
z [ : _
BLENELBT AN YR, ENLELO oo \ oo {
Z 11— Iy R
£ AL RN C ONHT - NJ—INO;, \ i l
Pl |
SN TEbT I EMEND, [ N }
i r\__,’\/f\/c'!\\_i\:)_
Fig.7 Wi, BEmlsRiodl % 3 B o 2
[time])

D7ANYIEE, EONOEINIKOT Fig.6(c) Diurnal change of NOJN (o’clock)

(Jan.19.1982) 3

7Y PEEEDOMEHRERT, Fig.7 LV T I
St &9 M o N i L VAR /
: 2.0 % —
Sh, WK BT 2747 ) EOZEAL > A0~ 0
(‘1:) /
W, NH;y -N, NO§-N, NO; -N . = D//%§
- > @)
NO3 - N OB LTHD EEA DS = 0. g0
=
5o Hrho i, sk D g B
~ iy N
Alk=1141.0% ([N -N) — 3 =0 nSt.l
(NO7-N)—(NO3-NJ) —m S Ost.2
0
¥, Bl e THAGNDTAAY H Ost. 3!
1.0
Mg, oA R £ G R BT AN ) E , — S
LR bnBM, O EARADT v Alkalinity caused by NH;N.NO;N.NO3N
7 ~ - 128 =t I A2 d
5), 9) . . Imes/1)
HYVEE LTEYAMEE A DN D, Fig.7 Relationship between total
Alkalinity and Alkalinity
oL IO, TANYED caused by inorganic nitrogen

(Jan.19.1982)
S NHE . N. NO7-N. NO3-N 0Zfnsfnbxd M ERAMBERD 5 2 L dEETH D0

4.5 REBTEOHTE

Fig.2 &AmMﬁ%%W(ZWW%~ﬁ)&LTNgﬁ(M&KﬁmeM%EKﬁL\Mﬁ¢®P
tR%mﬁbtoif\&H@MDMwEKﬁLP=OtLTRé&iLRO&KB¢%K@&@BEE
fwmﬁﬁbnékﬁﬁbrp&mﬁbto:@%\mwt%&#mwm%fﬁofﬁéo

13)
mﬂﬁﬁﬁﬁM&%&\ﬁﬁ\K@KOMTQMMTD%M@EWHKODz=2%ﬁ%\V=OAW@
d=10.19 mo
, LW

COZ@KWT@%ﬂ@M%&KOwT@\%&@M%mwﬁwo:@tw\ﬁm%T@owms

(DM. V)2 — )
KL/d= % 303.4%2

KBVT\DM:K¢f@ﬁ1@ﬁ¥Mﬁ%ﬁD@%]KCOQ@%?M&%ﬁ(LWﬂﬁme&



25°C, B 1.25x107° m/s, 10C, &) #RATBI LR X VHEE LTV B,

TR YV EEOVTE, WO L IIC—EBEEAD T ERERA YV TA2 Y EOEHETFNT S
rEHi i, EEBEROETOY I s v—va vETbRIEA DRV, UL, HBEAIIC B3 L
PREGENEFIVRAEEBRMZIN TR VEETH D, Fh® A, T I CTREZEME3HBL. +h
ENOMFIEI L, St.1,St.2, St.3 TO pHOEME (FHERHEA LDk Fig. 4 @b)Hic, Bk,
FERMTRULAME) 254252 LIk, TA0 ) EOHERICIE o

FHERHEED B AL, BEOARCEKET DL L, BEKHN L. Monod BTIEIHES L& 1 T

L)
_p, = -
P=Po Ls+L(b)

Po EANAREE (Z/m/s)
L{t) : [RRE (lux)
Ls ! fAMEHR (lux]
(Ls=5000 lux LH#EE)
o, BEXEIME*2EZ R &R TR Lk,
=0 t<a, atbgt
L(t) f

—a ‘ — )

t
=Lmax-Sin? ( .7 ) a<t<a+b

a I HoWKZ (0 clock)

b I AWK  Chr)

Lmax I FRR QMK TOME (lux)
ﬂﬁﬁﬁ%bt@m‘

g 2
a=>5 .30 N 8 . 00
b=13 hr N 8 hr

Lmax = 65,000 lux . 39,000 lux  ( St.2 K 20cmToLERH )

AR, PPIAFHRSt. 1 25 St.3 £ TO 10ka% 2085 L, %M % X203 6 500 & LCHE
& >70 A%, FEK I Orank — Nicolson &MV,

BEERWT, R, PROVWTATA—=2—7 1 » 7V 7 5FF > B % Fig. 3 @bz FRT, “h
£0. RIEEM40x 107 942 s, £ 3.5 x 107% ¢4/ EHER X hize £, Po X EM
9.0X 107* ¢4 s AMT5% 1074 $ /s RSN B,

COP « ROMIYNDIHARIC 5513 5 1 H oo wpl & Sl o M vk deon & 5 1c Rk S5,

R = f[R-dv-dt

= R-V.24.3600 —(9



SP = {fp-dv-dt

L(t)
=V.Pp+ —m— .4t —
0 TLs 4L 9

RZ (W& XKHO 1 BORRE (ke
PJ I ®EEKMo 1 BoREEEE &e)

:n;o\:@Eﬁwﬁﬁimgswng/mw\gsﬁkwﬂmuitﬁiﬁﬁ%mﬁsukw%%u
%163 kg/day EHEE I NIz, I THBRER, MHOBHRC SNEBRELZEAS Z LHBHXES, L
ML, T2 TIBRFEOME L ) R 72PRE (BER) BBHOPRICLVECEGSBATHD LD
%tﬁ%ﬁ$M§;o*th%§2:nmmmmﬁxur<5ﬁ%ﬁiom%mﬁé*wt%@f\&
FORFEEA TWIEW ) LRI Z L2tz v,

BB, BRKRFBE 2 5134210k dayDBHRFENEBIb S 0 5 LHEE Lito & OB &
RFUF & 0 OHEEME L 0% 184 kg day B HBREHOFRIC LV E Uit B bhd, B (25T)
B A AEEEEORRGHE £ 9.22 X m‘%?-wv-wlug%kfék‘184@/dw9m%ﬁ
FRRE A DR, COREIK 231kgDBERFE LI LIt b, CNERMEMTERHZY . T
3847 - cell MOBERMAF LW ZLIEA D, @D chlorophyll — a GE®E% 2.0 % & HE
+5L, Table.l &/R¥ chlorophyll — a &V, 19818 A3 HI BRI AWEOEERTENE
., 48.0, 36.5, 86.5, 74.5, 37.0F - cell m* LAY, REWEZ LY OHEMEIR, chbofisl
REMBEELSND,

EoBs, CoXBOoBERE (347kg D3 oRMToBERES AR ( 210 kg ) ¥ EE 3,
T, CICTEHEINERREOETH IV a—RACeH 19072 T5HL868kg iCRD, Th
IIBODIIELT925kg u/%, 1HOBODFEEME 40 [ #/day/man]) &+2 &, ThidP
23,000 ASORICHET D, 2O L) KANHERIANINEAEZBEEDZA LTV, WRMAEEER
DREBEHEREME T2 2 L, SEETOAESHNOFBEEKEEALS L CHEELARAM YA LE
BB,

5. & =

AEEEHOABREEF MEL AoV, BEEEBRFAOFELE LTELA, TAKLD
Ao BB E2ERNCILET 5 FHEERRB L,
COFEZAVWTEREOF/NNEERFEHTN O BBEOHE LT » et CORBTHERIOT7 1Y
i, RS X TR k5 K — £ EEHRS S0 THAC, KECEBLTODE EXWBMER
sTo TR, TVE=TREBRFEBREOBEFDCEKEFELTVILEALGN D,

7o, BIIRHKO 10 kO KB ESRFOEER & LTHEIK 347 kg day. £iic 163kg day



OBHBRENEEFTO I ENHONER ol COMIBENMOBEBODICHIILTH 23,000 AFKHY
T35, &%, BVWA)loBFREEE L 2Bk, AHEEEHO KRELEOMC AT T & TH D,

% A

=111
(]
do

a (HoOWHKEA (0 clock]

Alk (7AhVE (eg/L)

b HBEM Chr)
(CO3™ 1. REBA A Vil (mole/ L)
CT | BHEBRFEEVEE (mole/l]
d KB (m]

DM [ K TON AGFIBHEE (/s ]
Dz [ MNnFTABEREEEE  (n/s)
CHY) KFEAAVEE (mole/L)
H, CO, [ REREE (g c/m')

H, COX I kG E OTMBMBE Cg- /o)
(H, CO; ) 1 KEEEABE (mole/L)
(HCOZ ) REAZA4vELBE (mole/l)
I UEBRERPRAR (g c/m/s]

IC  BEEBRERE (2]

Ky ' B1BEEH (molel]

K, ‘#2BEEN (moleZ)

KL [KITOWABHEHR (m/s)
KLCO, . KET®DCO, WABWHHEK (m/s)
Lmax (FFRKOFAKTOMBE (lux)

Ls [fMEH (lux)

L(t) . BE (lux)

P IEBRFBEEE (F/ms)

2P IHEXMO 1 HORFEEER (kg)

R WBRHEE ($m/ s)

ZR HBERMO 1 AoREEER (kgD

t IR (s

V. IRE (ms)



Vo HREMOMNER (e
z  CRTRgEE (m)

¥ Y DY ¥ x =
o AR FEDN (H, CO, JoEaASE [ — )
a, AN H (H COy JoeafyR (-3
a, DAMENFR(COIT IneAnR -3

5| A X Bk

1) Ohtake ,H., etal (1978) Growth and Detachment of Pheriphyton in an

Effluent from the Secondary Treatment Plant of Wastewater, Jap.J.Limnol,
39, 4, 163 — 168

2) Mz, iRk L, B NRHTEDINC 43 5 EME 0 B & ERL KEABBHRR RS

3) Odum, H.T.(1956) Primary Production in Folowing waters, Limnol.Qcean—
ogr. 1, 102 — 117

4) Streeter, H.W., and E.B, Pheps (1925) A Study on the Pollution and Nat-
ural Purification of the Ohio River, Il Public Health Bulletin No.146
Washington

5) Stumm, W., and J.J.Morgan, (1970) Aquatic Chemistry, Wiley

6) FRMZ, JIZ, (1981) GBS & £ odtk, KEGHPIE 4, 2
7‘3 — 79

7) BATKEHS., (1974)  FAOERMRE

8) Nz, $ikdz, (1982) HEN O RFIT B+ 2 Pge, 5 16 @ B AKE BB ESER
U0 B2 AL

9) Schurr, J.M., and J.Ruchti, (1977) Dynamics of O, and CO, exchange,
Photosynthesis and Respiration in Rivers from Time—delayed Correlations
with Ideal Sunlight, Limnol. Oceanogr. 1, 208 — 225

10) Simonsen, J.F., and P.Harremoes (1978) Oxygen and PH Fluctuations in
Rivers, Water Rescarch, 12, 477 — 489

1) me e, Sadekt. (1978)  TNKENC BuE  ARNEE) o P8 — 55 1 8 SER LR o KE L)
—. K EFEK 20, #H 10, 1168 — 1175



12) ERRHFEL, (1978) MWHKARKRETAMBEHORE-F 2 ERFEBROKEET -, AL
FEK 19, M7, 643 — 647

13) #ARB, (1979) BT 2 RAKBOME. LFITEHEE 13 BRERLT K
550 — 551

14) O’Connor, D.J., and W.E.Dobbins (1956) Mechanisum of Reaeration in
Natural Streams, Transaction ASCE, 123, 641 — 684

15) NMEtz, SREZ, REEiidh

16) Lorenzen, C.J., (1967) Limnol Oceanogr., 12, 343



Recovery of Water Quality in

Shallow Urban Rivers

Hiroyuki Kawashima
and
Motoyuki Suzuki

Institute of Industrial Science
Universiﬁy of Tokyo
7-22-1 Roppongi, Minato—-ku
Tokyo 106 JAPAN



Abstract

Small shallow rivers found in suburban or recently urbanized
area are highly polluted mainly because of growing of attached.
microbes at the river bottom. Mathematical model is presented
to describe the water qualities, such as SS, DOC, TDN, TDP and
DO in such rivers, where roles of the attached algae, the attached
heterotrophs and the bottom sediment are carefully taken into
account. After a rainfall, the bottom sediment and the attached
microbes are washed out and they start accumulating or growing
in the following days, which have a significant influence over
fhe change of DO in the flowing water. The model was compared
with the observations at the Nogawa. River flowing in the southwest
of Tokyo and was found reasonable in sinulating the performance
of the River. Four alternative plans to recover water qualities
are assessed through simulation by means of this model and two

of them are found effective to restore the DO level above 5 mg/ L.



1. Introduction

Small rivers flowing in recently urbanized or suburban
districts, are suffering effects of growing population density
as well as increasing land surface pavement. Thus sustaining
flow rates have become lower while momentary high flow rates
are often observed after rains. With regard to water gqualities,
though inflow or BOD has decreased along with construction of
sewage systems, degree of pollution is still far worse than the
national environmental guality standard.

Flowing water should take and important part in human habitat
by providing recreational spaces as well as supplying household
water in the case of emergency. Hence, water quality reclamation
of urban rivers is essential and development of reclamation
methodology is required 'on guantitative basis.

In the present paper prevailing phenomena in determining
water qualities of shallow rivers are extracted and quantitative
description of the each phenomenon is attempted first. Then,
one dimensional non steady differential equations relating mass
balances of water guality parameters to the above phenomena are
dex¥ived. Especially the roles of the bottom microbes and
sediment are carefully considered in the construction of the
material flow.

Dissclved oxygen is one of the decisive parameters for
determining criteria of fish survival and will be shown here to
be very much dependent on the state of growth of microbes at
the river bottom. Then recovery of DO levels in the flowing
water is emphasized throughout the discussions that follow in

this paper.



2. Mathematical description of water quality in a shallow
river
2-1. Concept of the model
Basic ideas of the present model are as follows.
1. In shallow rivers, the river bed exerts a considerable effect
on the quality of the flowing water. The river bed generally
consists of (1) attached heterotrophs, (2) attached
algae and (3) the sediment that is composed of aerobic part
and anaerobic part as shown in Figwl. In the flowing water
small amount of aerobid microbes are suspended.
2. Those attached microbes and bottom sediment increase day by
day, while by a certain amount of rainfall, most of the grown
microbes and the bottom sediment are momentarily waghed off.
3. For describing the water gqualities, organic carbons (both
particulate form as SS-C and dissolved form as DOC), total
disssolved nitrogen (TDN), total dissoved phosphate (TDP) and
dissolved oxygen (DO) aré'taken for considering mass balance
and rate equations.
For criteria of survival of trout, sweetfish, carp’ and
~gibel, DO wiilfgive a final measure but carbon balance has a
great influence on DO in the water. Variations of TDﬁ and
TDP are determined secondarily from the carbon balance.
4. Water qualities,SS-C, DOC, TDN, TDP and DO will be ‘described
in one-dimensional,non-steady differential forms, in which rate
equations for bottom heterotrophs and algée as well as sediment

are involved to relate “water qualities with physical parameters

characteristic to the river.



5. Pollution load to the river is considered to be composed of
58, DOC, SS-N, TDN, SS-P and TDP though 8S-N and SS-P are con-
sidered to be automatically in proportion to SS. .

Dissolved organic carbon is later considered to consist of
biorefractory part, DOC,., and easily.decompoéable part, DOCg.
The latter is assumed to take part in carbon transformation,
while the former is considered an independent unchanged parameter.
6. As 'the parameters which describe physical conditions, flow
Tate, average depth, water temperature, longitudinal dispersion
and solar density at the water bottom, Lb(t) are to be defined.
2-2. Stoichiometric relations of biochemical growth and water
l éuality parameters

From atomic analysis of heterotrophs, algae, volatile
suspended solid and volatile seidment samples found in the Nogawa
River, composition of biomass is assumed to be represented by
C6Hl2.504.65N0.69P0.064’ regardless of héterotroph or autotroph})

Then stoichiometry of four biochemical reactions are
taken as follows:
a) Photosynthetic reaction:

6 CO2 + 4.87 HZO + 0.69 NH4°N + 0.064 PO4

7CeHy5 .59 .65N0.69P0.064 * ©:238 Oy (1)

b) Growth of heterotrophs:
Heterotrophic bacteria takes only an easily decomposable
part of organic carbon in the flowing water.
(CH,0) ;, + 0.69 NH, + 0.064 PO, + 5.762 O,
7 C6H15 504 65%0.69P0.064 * 6 COp + 7.13 Hy0 (2)

Where easily decomposable organic carbon present in water is



assumed to be in a form of (CHZO)n"and bacterial yield based

o]

C

n carbon balénce, Y, is taken as 0.5.
) Respiration of all the microbes:

Cet12.5%4.65N0.69%0.064

—3> 6 CO, + 4.87 H,O + 0.69 NH4 + 0.064 PO4 (3)

0 + 6.238 O2

2

d) Anaerobic decomposition:

By anaerobic decomposition carbon is preserved from par-

ticulate from to DOC.

p)

C6t12.5%4.65M0.69%0.064

—**——*——>CEH9.74O4.394+ 0.69 NH, + 0.064 PO, (4)
From the above relations the following constants are derived

o = carbon content in biomass = 6xl2;lg.;¥ii4;65216-

- 17%%5 = 0.422 +0.69x14+0.064%x31L
N = nitrogen content in biomass + gigggglé = 0.0566
p = phosphate content in biomass = Qiggégél = 0.0116
oA ='oxygen release ratio by photosynthesis = éi%%?glé = 0.585
og = ©oXygen consumption ratio by growth of heterotrophs

= o
orR = oxygeﬁ consumption ratio by respiration = Con = 0.585

—~3. Rate equations at:the river .bed

As described earlier, attached algae such as stigeoclonium

tenue, and attached heterotrophs, such as sphaerotilus natans,grow

on the river bed, especially on the surface of rocks. Kinetics

(o]

f the growth, detachment and aerobic decomposition of these



microbes are expressed similarly in the following forms?)

a) Attached algae (Alg):

dalg _ - i -
= G, = h(ty -Alg - k_ _Alg (5)

G, represents growth rate of algae and is given as

. '{UA.Alg for Alg < Algg (6)
A =
uA.Algs for Alg > Algg

where Algs represent the critical amount algae attached above
which only AlgS contributes to the total growth since light is
accessible only to a certain thickness of algae.

is
UA a

specific growth rate of algae (1/s) which is generally expressed

as
b= .T:fb(t) . TDP . TDN - (7
A Ls+Lb(EY TDP _+TDP TDN_+TDN A,max
=A (8)
= e i,
YA, max “Ma,0 &P gy
where suffix s notes sahuration constant. Solar density at

the river bottom, Lb(t), is a function of s@lar density at the
surface, L(t) and S$S in the flowing water as
Ly (t) = L(t)-exp'{—(o.zs-ss+o.61)-d}3) (9)
h(ty) is a detachment rate parameter (1/s) as a function
of growth period,_td, that is, days after a heavy shower.
Self decomposition rate by aerobic respiration is expressed by
a rate constant kaeIl/s), which.is a function of DO and tem—

peratihre as

X ) DO

ae DOS+DO ) kae, max (10)

: C ._“ae
kae, max kae, o] exp ( RT ) (11)




b) Attached heterotrophs (Het):

dHet _ _ ; - . 12
3t = Gy - h(ty) “Het - k__-Het (12)
GH represents growth rate of heterotrophs and is given as

. - {UH.Het for Het < HetS

(13)
Uy

-Hets for Het > HetS
HetS is determined by the similar reason to AlgS but in this case,
oxygen accessibility may define the magnitude of Het. Here
UH is a specific growth rate of attached heterotrophs and is

expressed as

DOC .
Yy = Doc Oigoc ) TDgDETDP ) TDNngoN " Y4, max (14)
es e s . s
= By (15)
"H,max = Yu,0%¥P gy

Here DOC, corresponds to the concentration of easily decomposable
dissolved organic carbon present in water. For detachment rate

parameter,h(td), and self decomposition rate constant, k as

ae’
a first approximate, no discrimination may be necessary between

Het'and Alg.

¢) With regard to the bottom sediment, suspended sclid in flowing,
water settles in the stagnant region or is caught by filamentous
bilomass on the river bed. Though it is difficult to exactly
describe the rate of sedimentation of suspended solid, first
order kinétic equation is assumed. Also surface of the sediment
becomes aerobic and then aerobic decomposition of thé volatile
sediment occurs at the surface of the bottom sediment.

When the bottom sediment increases in thickness, dissolved



oxygeniin flowing water is consumed in the surface layer and
lower part of the sediment Becomes anaerobic. Then anaerobic
decomposition is expected in this part. Thus rate‘exPression

of sediment increase can be written as

at - Xseq'SS+d - Fdec (16)
; _={}éae-Se Se < Ses (17)
dec

kae-SeS + kan (Se—Ses) Se > Ses (18)

where Se is the amount of sediment on the river bed (g/m?2), Seg

is:the maximum possible amount of aerobic sediment, d is the

depth of the tiver. kan represents the decomposition rate
constant in the anaerobic part and has an activation energy, E .-
Ean .
= - 2 19
kan kan,o exp (: RT) (19)

It should be emphasized that attached microbes and bottom
sediment are completely removed after a rain of roughly over
10 mm, because of the temporary increase of flow rate of water,
"which causes resuspension of sediment and rip off of attached

microbes from the surface of rolling rocks.

2-4. Material balance equations of water quality parameters
Along the flow distance, one dimensional dispersion model
is adopted.
For SS, disappearance due to sedimentation and self-
decomposition and input from detachment of attached algae and
attached heterotrophs are taken into account and then materiai

balance becomes



3(SS) _ 32 (ss) _ . 9(88) _ .88 - )
5t - Oz T3z - Y Thg Kgeq S8 = R, g SS
h(t,)’ h(t,)
--q d .

‘where DZ represents longitudinal dispersion coefficient, v

means cross sectional average linear velocity and I.. denotes

SS
input of SS, if any, from branches or ditches.

For dissolved organic carbon, DOC,

o1

2 .
3DOC  _ p 32DOC _ [ 3DOC _ e .

at Z 927 A Y-d "H

o
c .
+ 3 kan(Se Ses) I

DOC (21)

where DOC = DOCe + DOC.. while DOC, remains constant as described

before. As stated earlier Gy is a growth rate of heterotrophs
and is defined by eq. (13).

For TDN and TDP balances, intake by the growth of attached
algae and heterotrophs and release from decomposed biomass are

considered here.

a2 g [e4
210 p, 2N _ M) N g g
s oH oy (Alg + Het) o N +k_ -0 _-SS + I (22)
d- Tae d “dec ae N TDN
2 a
a(gzp) -, 3 (ggz) - a(gzp) - g (6, + 6,
- (Alg + Het) + -2 r. +k a.sS+rT
d Tae d dec ae P TDP (23)

With regard to oxygen balance, release from photosynthesis,
exchange with air and respiration of suspended and attached

microbes as well as that in aerobic sediment are considered

here.



k

3 (DO) _ 32(DO) _ ., 4(DO) , "L -
3t D, “3gz ~ ¥ T3z + —g (PO* - DO)
Cp. o UOR-k
- = Gyt -3 G - ———a——@ﬁ {Alg+Het+Sep+d.ss} + I, (24)

where Se, is the amount of aerobic sediment and
SeA = Se for se < Ses, SeA = Seg for Se > Ses.
DO* represents the DO in equilibrium with air and given as
DO* = 468/(T - 241.4)4> - (25)
The rate constant kL is oxygen transfer coefficient on the
surface of the river (m/s) and (kL/d) corresponds to so-called

reaeration coefficient. Dobbins' equatio%)is applicable here

with temperature dependence of Phelps types)

1/2
k. . (D,v) 7. B
Lo 1.024(T7293) (26)
3/2
2.303 4
Those equations (egs.(20~24) can be solved numerically by
giving boundary conditions as a function of time. This is

done in the next section.

3. .Comparing the model with the field data
3-1. The Nogawa River
The Nogawa is one of the tributaries of the Tama ‘River
flowing on the south west of Tokyo metropolitan area (Figure 2(aL(b));
Ordinary flow rate of the Nogawa in its middle stream is about
4 x 10“m3/day and linear velocity of 0.4m/s, with the depth
of 0.1 ~ 0.3m.
The basin of the river has suffered urbanization effects,
that is, increase of population to 6.37 X 10%/ 69.6-km? of

basin areg) and decrease of unpaved land. This caused diminishing



of wood and forest that are effective in water retaining
function and also insufficient penetration of surface water to
underground. As a resul£, the river shows sudden increase of
flow rate even after a small amount of rain.

Also, recent programs of river-basin sewerage construction
plan are in progress but still nutrient level is high enough
for breeding of attached autotrophic micrébes, which causes
very low dissolved oxygen level during night time, and thus
makes ordinary fish hard to survive in this river. This
Phenomenon is common in shallow rivers flowing in the suburban

part of metropolises.

In order to test thesvalidity of the model proposed here,

the Nogawa is used here as an example. First, simulation is
tried to see the variation of water quality in successive
Sseveral days after a clean up &f the river bottom by a rainfall.
Secondly; effects of several reclamation plans are assessed by

means of mathematical simulations by this model.

3-2. Boundary conditions and parameters
Between Station 1 and Station 3 shown in Figure 2(b), therei
is negligible inflow of pollutants from sidestreams, since
basin sewerage system is almost completed in this part., So all
the I terms in eqgs.(20=24)  are-taken to be zZero. ,
Boundary conditions at Station 1, that is, s8s-c, pboc, Ss-N,
TDN, S5-P, TDP and flow rate are measured as functions of time.

Those are originated in sewage of Kokubunji city and concentrations

as well as flow rate are effected very much by life cycle of



habitants. It should be notéd that the river above Station 1
is artificially formed as a deep channel and no growth of
algae is observed in this section because of insufficient sunlight.

By averaging five different 24 hour field samplings, diurnal
change curves of these concentrations at Station 1 are defined
and used as boundary conditions at Station 1, 2 = 0. Those
are shown in Fig.3.

Flow rate also changes with time but during the calculation
v is assumed constant for the sake of simplicity. Flow rate,
depth, longitudinal dispersion coefficient as well as solar
.density, L(t), used for calculation are given in Table 3.

In this connection, average daily fluxes bf.these components
at Station 1 are given in Table 1. Some of the rate paramétérs
involved in the proposed model are estimated from independent
measurements and some are taken from the literatures, while the
others are to be assumed. The values used in the simulation

ére listed in Table 2.

3-3. Results of the simulation
By taking boundary conditions as shown above and initial
conditions as follows.

ty=t=0: Se=0, Alg=1.0 g/m?*, Het=5.0 g/m?

(average of observation after 68 mm of rain),
profiles of SS, DOC, TDN, TDP and DO are obtained by solving
egs. (20-24) via Crank-Nicholson method. Twenty longitudinal
divisions of about 10 km distance and time increment of 6 min

are adopted for successive calculation of the profiles.



Figure 4 shows the change of DO profiles in the night-time
after rainfall. Solid broken and dotted lines give simulation
results and measured points are included for comparison.

Figure 5 shows diurnal changes of DO calculated for both
summer condition and winter condition at Station 3.

It is apparent from these figures, the simulation gives
satisfactory agreement with the field observation, suggesting
that the model includes the predominate phenomena for determining
the characteristics of the river in concern.

Since growth of attached microbes has a big influence on
change of water qualities, it would be appropriate to make a
simulation for a certain period, for instance, twelve days,
after a cleanup by a rainfall. Average interval between
rainfalls is considered to be a week or so and then the river
bottom is repeating renewal and transient accumulation.

In order to show this situation clearly, the simulated
transient changes of SS, DOC, TDN, TDP and DO at Station 3 for
twelve days after a rainfall in summer are illustrated together with
the inlet conditions at .Station 1 in Figs.6a-e. SS at Station
3 is low at the beginning but gradually starts to increase
after seven days. This is due to the detachment of attached
microbes and is observed as a secondary pollution that occurs
‘in an entrophicated river.

Also DOC at Station 3 incréases with time because of release
as a decomposition product of the anaerobic bottom sediment.
Changes of TDN and TDP are similar to that of DOC.

The transient curves of DO at Station 2 and 3 clearly show



that DO is the most critical parameter to be considered here.
Low DO in the nighttime reflects the growth of attached microbes
and DO higher than DO* in the daytime especially reflects. the
activity of the grown attache€d algae. The change of DO thus

is a measure of the degree of pollution in this case.

It should be emphasized again that the water qualities in

a shallow river is significantly affected mianly by the presence
and activity of the attached microbes, especially algae, and
partly by the sediment. Then control and management of the
bottom microbes and the sediment will become an important factor

in the restoration of water qualities in the similar cases.

3-4. Reclamation plans

In order to make the Nogawa River ecologically sound, it is
essential to restore DO to the level above 5 mg/i.

Four alternative plans are considered here and simulations
for predicting water qualities after those plans are performed.
Plan 1 : Addition of aeration process at Station 1. Only
aeration to keep saturated DO of influent water at Station 1.

DO = 8.27mg/ % and the other boundary conditions remain the same.
Plan 2 : Addition of biological treatment plant such as activated
sludge plant at Station 1. Then as boundary conditions at
Station 1, DOC, = 0 and SS = 5.0 mg/% are employed as well as

DO = 8.27 mg/% , while keeping the others, such as nutrient

concentrations,unchanged.
Plan 3 : Applying additional advance water treatment for
nutrient removal to Plan 2. In this case,TDN = 1.0 mg/g , TDP =

0.1 mg/% are used as well as SS = 5.0 mg/f% and DOCe =0 mg/g.



Plan 4 : Biological treatment plant at Station 1 (Plan 2) followed
by river—sidé trees to give sunshade at the surface of the river.
Solar density at the river bed is assumed to be 1/10 of the
Present density. Concentrations at Station 1 are the same as
Plan.2.

The results of simulation by the present model are shown
in Pigs. 7a-d. Clearly from Fig.7a, Plan 1, aeration at
Station 1, gives no significant improvement to the patterns 6f
DO change at Station 2 and 3.

Plan 2 surely improves the status when Figure 7b is com-
pared with Figure 7a, but still gives lower DO value at night
after several days,

Plan 3 gives satisfactbry DO value aiong the river showing
the effectiveness of removing nutrient to suppress the growth
of algae. It is interesting to see from Figure 7cvthat lowest
DO is observed at Station 2 which means that remaining nutrient
is consumed in the first half of the river and after Station 2
effect of self purification in the river is clearly shown.

Also Plan 4 is effective in recovery of dessolved oxygen
level during night. Station 2 and 3 give almost identieal
variations as shown in Fig.7d, suggesting that in this ﬁlan,'
secondary pollution due to algae growing is within the adjustable
range by the physico-chemical processes of the river such as

exchange of oxygen with air. Figure 8 shows the comparison of

the transiences of the attached algae at Station 2 resulting from the

four plans examined. Plan 1 gives identical results as the present

status. Plan 2 ‘also gives a slightly larger growth rate of



algae. This is attributed to the increase of solar density

at thé'bottom which is caused by the decrease 6f 8S in flﬁwing

water. Both Plan 3 and 4 surely give fruitful results by

decreasing amount of algae to 1/2 or 1/3 of the original status.
Actual policy will be chosen from many alternatives on

the basis of investment-performance and ecological soundness

and the plans shown here are some of the alternatives +to be

compared.

4. Conclusion

For shallow rivers where water qualities are controlled
by bottom microbes and sediment, the model proposed here gives
a reliable estimate of the performance of the river.
Application of this model to an urban polluted river is possible
if characteriétic parameters of the river, such as velocity,
depth, longitudinal dispersion coefficient, solar density fluxes
from upper stream and inflows from side streams, are given.

For recovery of water quality of the urban rivers,
since dissolved oxygen has a fatal meaning to the survival of
fishes, suppress of the growing of algae is found very effective.
For this purpose, either removing nutrient or keeping the tiver
in the sunshade, after ordinary secondary treatment by biological

_process showed a remarkable consequence.



Nomenclature

Alg

Alg

DO
DO

DO*

DoC

Doc

DOCes

. sunrise, o'clock

amount of attached algae per unit area, -g/m?

! maximum growth thickness of algal growth layer,

.

g/m?

length of daylight time, hr

mean water depth, m

mélecular diffusivity (at 273k), m2/s
concentration of dissolved oxygen, g/m3
Monod type saturation constant of DO, g/m?

concentration of dissolved oxygen in equilibrium
with air, g/m? '

concentration of dissolved organic: carbon, g/m?3

concentration of easily decomposable dissolved organic
carbon, g/m?

Monod type saturation constant for poc,, g/m?

concentration.of biorefractory dissolved organic
carbon, g/m?

longitudinal dispersion coefficient, m?/s
activation energy of attached algal growth, cal/mole

activation energy of aerobic self decomposition,
cal/mole

activation energy of anaerobic deccmposition, cal/mole

activation energy of heterotrophs growth,
cal/mole '

growth rate of algae per unit area, g/m?/s

growth rate of heterotrophs per unit area,

. g/m?/s

amount of attached heterotrophs per unit
area, g/m?%/s



HetS : maximum thickness of heterotrophs growth layer, g/m?

h(ty) : detachment rate constant of attached algae and
heterotrophs, 1/s

Ino : rate of input of DO along the stream, g/m¥/s

IDOC : rate of input of DOC along the stream, g/m3/s

ISS : rate of input of SS along the stream, g/m3/s

ITDN : rate of input of TDN aloné the stream, g/m3/s

Iopp : rate of input of TDP along the steram, g/m3/s

kae : aerobic decompesition rate constant, 1/s

kae,o : frequency factor of aerobic self decomposition rate
constant, 1/s

kan : anaerobic decomposition rate constant, 1/s

kan,o : frequency factor of énaerobic decomposition rate
constant, 1/s

KL : mass transfer coefficient at the surface, m/s

ksed : sedimentation rate constant, 1/s

L : Monod type saturation constant of light density, lux

L(t) : light density at the surface of water, lux

Lb(t) : light density on the river bed, lux

1y, max : light density at noon, lux

4ec : self decomposition rate of sediment, g/m?2/s

Se : amount of sediment per unit area, g/m?

SeA : amount of aerobic sediment, g/m?

Se : critical amount of aerobic sediment per unit area,
g/m?

SS : concentration of suspended solid, g/m?

Ss-C : concentration of suspended organic carbon, g/m’

SS.N : concentration of suspended organic nitrogen, g/m?

SS-P : concentration of suspended organic phosphorus, g/m?

t : time, s



TDN

TDN

TDP

TDP

water temperature, K

days after rain, day

concentration of total dissolved nitrogen, g/m’
Monod type saturation constant of TDN',‘g/m3
concentration of total dissolved phosphorus, g/m3
Monod type saturation constant of TDP, g/m?

mean velocity, m/s

carbon yield in the growth of attached

“heterotrophs,. -

distance along the .stream, m

Greek Letters

*

.

carbon content in biomass, -

nitrogen content in biomass, -

oxygen release ratio by photosynthesis, -

Oxygen consumption ratio by growth of heterotrophs, -
oxygen consumption ratio by respiration, -

specific growth rate of attached algae, 1/s
frequency factor of attached algak growth, 1l/s

speclfic growth rate of attached heterotrophs, 1/s
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Captions

Fig. 1 Scheme of carbon and oxygen balances

Fig. 2(a) The location of the Nogawa River

Fig. 2(b) The Nogawa River basin and the location of each station

Fig. 3 Diurnal change curves of SS, DOC, TDN and TDP
concentrations at St.l1 (by averaging five different

24 hour field sampling). o ' i
These curves are used as boundary conditions in this

simulation.

Fig. 4 Comparison of the calculated transient change of DO
after a rainfall with the observed transient change
(at 22:00)

Fig. 5 Comparison of the calculated diurnal change of DO

with the observed diurnal change at St.3.

The curves Summer and Winter, respectively correspond
to 3 days after the rain of July 31, 1981 and 8 days
after the. rain of January 11, 1982. '

Fig. 6(a) The simulated transient change of SS concentration
at St.3 for twelve successive days after a rainfall
(summer)

Fig. 6(b) The simulated transient change of DOC concentration
at St.3 for twelve successive days after a rainfall
(summer)

Fig. 6(c) -The simulated transient change of TDN concentration
at St.3 for twelve successive days after a rainfall
(summer)

Fig. 6{(d) The simulated transient change of TDP concentration
at St.3 for twelve successive days after a rainfall
(summer)

Fig. 6(e) The simulated transient change of DO concentration
at 5t.2 and St.3 for twelve successive days after a
rainfall (summer)

Fig. 7(a) The result of simulated DO concentration profile at
S5t.2 and St.3 for twelve successive days after a
rainfall (summer)

Plan 1 : addition of an aeration process only



Fig.

Fig.

Fig.

Pig.

7(d)

8

The result of simulated DO concentration profile at
St.2 and St.3 for twelve successive days after a
rainfall (summer)

Plan 2 : addition of a secondary treatment plant

The result of simulated DO concentration profile at
St.2 and St.3 for twelve successive days after a
rainfall (summer)

Plan 3 : addition of a tertiary treatment plant

The result of simulatdd DO concentration profile at

St.2 and St.3 for twelve successive days after a

fainfall (summer)

Plan 4 : addition of a secondary treatment plant
and decreasing 11ght density at the
surface of the river

The comparison of the transient change of amount of
attached algae after a rainfall at St.2 resulting
from the four plans examined. -

Curve a : Original, b : Plan 1, ¢ : Plan 2,

d : Plan 3, e : Plan 4



Table 1 Daily fluxes of pollutants in concein
measured at Station 1, kg/day

SS-C 591.3 DOC 538.2
SS-N 79.3 TDN 451.2
Ss-p 16.3 TDP 40.7
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Table 3

Physical parameters adopted for
the Nogawa simulation.

Determined from the average values
in the section between Stations

1 and 3.

<
il

linear velocity = 0.40 m/s
water depth = 0.19 m

D, longitudinal dispersion coefficient
20.0 m?/sec*

it

il

o 0 for t<a, atb<t
Lt} {

Lu-max-sin? (E%E-ﬂ) for agtfa+tb

where b: lenth of daylight time (hr)
a=(24~b)/2, t in o'clock

b=13, Lu-max = 100,000 lux in summer
b=10, Lu-max

65,000 lux in winter

* measured by the authors (9)
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Fig. 1 Scheme of carbon and oxygen balances
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Fig. 2(a) The location of the Nogawa River
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Fig. 2(b) The Nogawa River basin and the location of each station
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Fig. 3 Diurnal change curves of S§, DOC, TDN ahd TDP

concentrations at St.l (By averaging. five different
24 hour field sampling).

These curves are used as boundary conditions in this
simulation.
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Comparison of the calculated diurnal change of DO
with the observed diurnal change at St.3.
The curves Sumer ‘and Winter, respectively correspond

~to 3.days after the rain of July 31, 1981 and 8 days

after the rain of January 11, 1982. .
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Fig. 6(a) The simulated transient change of SS concentration
at St.3 for twelve successive days after a rainfall
(summer) )
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Fig. 6(b) The simulated transient change of DGC concentration

at St.3 for twelve successive days after a rainfall
(summer)
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Fig. 6(c) . The simulated transient change of TDN concentration
at St.3 for twelve successive days after a rainfall
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Fig. 6(d) The simulated transient change of TDP concentration
at -St.3 for twelve successive days after a rainfall

(summer)
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The result of simulated DO concentration profile at
St.2 and St.3 for twelve successive days after a

rainfall (summer) :
Plan 1 : addition of an aeration process only
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Fig. 7(d) The result of sxmulatderO concentr@tlonKQroflle at

.St.2 and St.3 for twelve succeSSlve days “after a

fainfall (summer).’

. Plan 4 : addition of a'secondaﬁy treatment plant
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