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STUDY ON FLOW DOWN PROCESS OF NUTRIENTS IN A RIVER
BASED ON A CONTINUOUS SURVEY FOR A LONG PERIOD

s EE*, #m EX*, @ 5L
Masahiko SEKINE, Masao UKITA, Hiroshi NAKANISHI

ABSTRACT; The final purpose of this study is to evaluate and control the inflowing
amount of nutrients into closed water area. TFor the first step to this purpose, the
process of nutrient transfer and change in a river was studied. There have been many
studies that dealt with the detailed profile of the process, but few which considered
the whole system in good balance. In this paper, the total system of a river was
studied using computer simulation method based on continuous data for a long period
which contain nutrients concentration at up and downstream observation points in one
river, sediment amount within these two points, and flow rate. As the results, it
became clear that the effects of sedimentation and wash out of suspended matters,
adsorption of soluble phosphorus, removal of soluble nitrogen and dissolution of COD
might play an important part in the process of nutrient transfer and change in a river.
Those effects have been considered little before.

KEYWORDS; Flow down process, Nutrients, wWater quality, River, Simulation.
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Table 1 Outline of Obtained Data

Rain-  Flowl Pollutant Concentration(mg/1)(ug/I for TP) ! Poliutanat Load (kg/day) 1 Amount of Sediment | Fiow Down Ratio
fall  Ratel Upstrean Downstreas | Upstrean Downstream | (k) |
(wm) (u3/8)1 o0 T-N T-P cod TN TPl COD T-N T-P cop  T-N  T-Pl COD T-N TP D T-v TP
AP.Max  16.5 0.314F 9.1 1.8 230 7.4 143 1280 212 38 4.5 151 32 2.1 205 187 13.71 1.37 1.08 1.31
Min 0.0 0.088) .8 0.9 45 3.8 0.8 521 3B 9 0.8 30 7 0.51 1 0.6 0.2t 0.57 0.74 0.36
Ave. 1.7 0.1591 47 1.2 104 4.6 1.07 1 (.14 17 1.4 8 15 1.01 65 8.3 3.8/ 1.03 0.89 0.8
S.0. 3.7 0.054! 1.5 0.2 41 0.8 0.16 m 43 8 0.9 23 6 0.4 49 54 3.7 021 0.10 0.24
c.v. 2.24 0.381 0.32 0.18 0.3 0.18 0.15 0.221 0.65 0.45 0.61 0.46 0.41 0.381 0.75 0.65 0.981 0.2 0.11 0.2
F.P. Max 1.0 0.148) 4.8 1.35 160 5.0 1.18 1201 51 13 1.7 61 12 1.21 86 14.6 9.11 1.37 0.96 1.09
Min 0.0 0.0881 3.5 1.01 8 4.0 0.85 681 3 9 0.8 0 7 0.5 1 0.6 0.21 0.8 0.74 0.45
Ave. 0.1 0.1151 4.3 1.18 110 4.3 1.00 801 42 12 1.1 43 10 0.8l 3% 49 2.4 1.00 0.8 0.5
S.D. 0.3 0.0214 0.4 0.13 - 0.3 0.11 m H 1 0.2 9 2 0.2 B 42 320 0.16 90.08 0.19
c.v. 3.16 0.18 0.0 0.1 0.2 0.07 0.11 0.211 0.13 0.i1 0.23 0.21 0.17 0.241 0.84 0.85 1.321 0.15 0.10 0.25
R.P. Max 16.5 0.314) 9.1 1.8 0 74 1.43 1261 212 38 4.5 151 32 211 205 187 13.71 1.3 1.09 [.31
Min 0.0 0.1181 2.9 0.98 45 3.8 0.93 521 3 12 0.8 41 10 o0mn 21 2.8 1.2 0.57 0.7 0.38
Ave. 2.7 0.1870 4.8 1.3 101 4.7 1.12 781 2 20 1.7 k] 18 1.21 84 106 4.7t 1.04 0.92 0.8
S.0. 4.5 0.0501 1.9 0.3 48 1.0 0.17 m 49 8 1.1 30 6 0.4i 3 50 3.8 028 0.10 0.28
cv. 1M 02 0.33 0.1 0.48 0.21 0.15 0.231 0.80 0.40 0.63 0.3 0.32 0.311 0.63 0.48 0.821 0.23 0.11 0.31
S.P. Max 16.5 0.2711 8.1 1.85 230 7.4 1.43 1261 212 B 4.5 151 2 2.1 85 4.20 1.31 1.08 0.97
Min 1.0 o.1191 4.8 1.18 110 4.0 0.95 %61 49 12 1.1 41 10 0.8 61 5.8 2.8l 0.57 0.7 0.3
Ave. 6.4 0.189¢ 7.2 1.49 155 5.7 1.8 s 12T 25 2.7 95 21 1.5t n 6.9 3.41 0.8 0.87 0.66
S.D. 7.0 0.0731 2.3 0.31 53 1.5 0.2 21 81 14 1.6 45 10 0.61 18 1.4 0.7t 0.32 0.14 0.25

C.v. 1.10 0.381 031 0.21 0.3 0.26 0.18 0.241 0.84 0.53 0.80 0.48 0.47 0.371 0.2 0.20 0.211 0.3 0.16 0.39

Ave.:Average S.D.:Standard Deviation C.V.:Coefficient of Variation
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L ol BB% A b AEBYE AP Average 1.14 0.88 0.81 0.89 1.15 0.52 0.58 1.24
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T bRD ft%@”ﬁﬁ% & %(ﬁﬂi&%ﬁ Table 3 Observed and Predicted Variations of the Amount of Sediment
E%ki%f?l’f?l 4.6~96, 4~19 ===z ZTZTTETETFTETSTSTTTIITSTSIETSISEZIZIITIIISITETRES

, Variations of the Amount of Sediment(kg)

(g/mi/day), T—N T F# 4 1.1~2, con Ton | Top B
SHEHIA0.05~0.47(g/mday) &, T+ Obs. Pre.l Obs. Pre.l Obs. Pre.
3LAIFOBAIERL TS, TO AP 69 701 12 511 13 11
F.P. 36 -31 5 181 2 3

ctih, BABOREEMORE ¢ p . 32 731 8§ 341 11 8
LT, T-NTHZNEEL, T-PT S.P 31 1261 K 161 3 5

RHERRE L bR 5. CODIL, -

Table 4 Detaills of the Predicted Variations of the Amount of Sediment (ks)

%ﬁ@ﬁ&“ i Déa%;%‘g%'@ P A S=====2RSESESSSIISS=ISSISISSSSSSSSSSSSSSSSISRISIIZIsIIzzaas

sol ss | sol ss | sol ss
ZEE OHbe b, EIOFHME COD  COD | NO3-N T-N T-N | PO4-P T-P T-p
ChH® 5B sol BR, ss EOAREFR 4 o.p.  -146 216 | 5i.3 44.3 6.9 1 6.7 7.4 3.3
_ F.P. -28 24 1 14.6 11.0 6.5 1 2.0 2.5 .4
Ao ThiRIh@E CODTH ssBL p.p.  -119 192 | 36.7 33.3 41 4.7 4.9 2.8
mABCBE~CRmEsor e, 30 20 LT L 1l
—HT ol BEKHBOFBKEL & 5 Th b, WEXMA TR N '

IM‘lowv OUHIovﬂ
’HE%“?’IE?}E& EDRy Ty %—’fl\ L7 ssﬁﬁzﬁ 5 SOI%,\@&%%’;EC _T.Dissolutlon
s TWnBEELZLNE, NTRHREBABOKED: sol ER ED T F T ecoD
b, RESOEAT ol BERMABERL TV L LFEALN B —F T T iation :
PTH, ERWICBETAWEOKH 2,35, ol BTHY, ssic O Dissolution’
TITTIT

150l BPOBEZENREZFRENERALTCWAELEEL LR B,
A%, ThiTORBRTH, HMEBKLSOAHERYT O sol BWH
B L LTRBOTIETD ke - THEDOL ZHHERY
N\t lovg, Outftow 77
O sol BEOERE, MEEHOB LW EW T ss B = pecompos!tion
WEORBECBNTERLIBLEEL TS, ZOREDWTH ! solT-N |
AL ABOBHABBRTHD 5, Vash} Sedimentation
LI ) ERWEOLBRO EE A BB MMiF s Menr L |
. - T AT IITTTTTTTTIT 7777
Sk B, REBOEARER, Fl2E CODOFEE <25 )T vKE
Y BEECILAH - BB TR LD ELABAORBLELD
\\]'"”Wv Dutflov 73
N, NPEOWTHRABROENEL S5, M6ZETh b0oBEOM Sy
S0
BRI HALT, HEYWHEO ss, sol, HRMEFEHBROEL ToTor
BEOIDL, KEZEY A Ve 502EEELLABEPETIET oo
OBMITERS LRALA VO T D, 2k, EHMIOHMTRER MY | o ien
PHEEE RS CTRT, C@ﬂﬁ/}%ﬁ@ﬂ'ﬁ&, B2 sol T—P T dh TT77777/777ITTTITTTITIIT I 7777777777
¢ rSS%@ﬁ%ﬁJ 5N rﬂ&%%iﬁlj }:ﬁ;}ﬂ‘i hTt dﬁﬁjﬁg Fig.6 Presumed Behavior of Pollutants
T35 95, kEL, SEA0RBETH

[Production] """
Mud,Vater Piant and other buffers

.
H
H
]
H
)

Table § Total Flow Down Ratio and Decreasing Rate Coefficient for Each Period

MELS%C, BEA, BEBEE e senessnnerrarreneena S Dl S b2 0738
s SRR b R EIC KB L A o " 501C0D $5COD  MO3-K solT-K ssT-K PO4-P solT-P ssT-P
ez b oTH Y, MAPoRESE VT ka7 0053 el o7 ols  olse ore ol

16 75 13

ﬁ“b{é t' ﬁdj'ﬁ%ﬁ@ﬁé_‘%ﬁéﬂa@ K.P. F.D.Rate 1.1§ 0.64 0.81 0.88 0.88 0.51 0.57 0.82
. R.Coef 0.60 0.29 0.17 0.01 0.91 0.77 0.28

B BIRE D & O TUL R W T EITIE eeeeieiettiaraneeseeesenannsisneeseiesesaesaseennoareeansnnssesss
S.P. F.D.Rate 1.09 0.47 0.77 0.88 0.70 0.66 0.76 0.49

ZLAROhE 2 bA2V. D.R.Coef. -.12 1.02 0.35 ©0.17 0.489 ©0.57 0.37  0.87
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f.D.Rati1o0:Flov Down Ratio D.R.Coef.:Decressing Rate Coefficient



3.4

CFHEWERTEBOeF v ILEv S S v—v 5 VB

PETEUBKEELAYEEERE 2 I VEEWKHIME T 22BN E LT, Ay 25EHE
MF#EBO=T A 2R Lk CCTOBMEEUNCIAERT 2T 2 BETAELIIILLS, =7
MOFHBEME Y RAHEKARIR 2LV BLALIRERBES> CYWHEBBHE B L L Th S, T%D
Lyiav-varinslhiFEYHERETEEZMKRLASEE* R OBV FEREBNEEEL
LI TE, AAROI ' RBEOBNWERT -2 5BWwACc TR LOTHE LR HEEVWL L 9,

=EFAOBMEEHETR, 3%, BuaXE@EX 2 R6CFAT. BECRH 70710l &0 9L, BEWORK
BEOLO% L AR B HERRRATICLARE T 2, AHA TR I CRELE LR LA T 2D
OB L, RIMNEMEOC 2 RICHATELEVWIUBE LD, EBRTIME L LTQQO(QOREENE) %

0.Cs?*
Q.cqg:

Lso

)

Ldo

) »

Cs

TLas
vi
Q.Cs/ 5
cda

Q.

Lsa

Fig.7 Outline of Model

START

Set initial value to all kij I

T

Table 6 Basic Formula of Model

V'dTC:— = QeCs’ - Q«Cs + Las - Lsa + Lds - Lsd - LsO  -(1)
dcd
Ve Tl Q+Cd’ - Q+Cd + Lsd - Lds + Lad - Lda - LdO --«(2)
dS
T = Lsa - Las + Lda - lad - La0 -(3)
Lsd = ksdeCs'sV ++(4)  Lds = kds+Cd’sV  ---(5)
Lsa = ksasCs’+V -(6) Las = kas+(@/Q0)? ---(7)
Lda = kda+Cd’+V ---(8) Lad = kadsS «(9)
LsO = ks0+Cs’+V «==(10)  Ld0 = kd0-Cd’*V  ---(11)
La0 = ka0+S =(12)

If Ci+dCi/dt <0 (S+dS/di<0) then set Ci=0 (5=0)

and decrease Lij,Lik,Li0 until they satisfy the condition;
(LigtLiktLi0)dt=past CisV ( (Lsd+Lsa+Ls0)-dt=past S )
keeping the ratio LijiLikiLiO.

N

I Choose one kij to calculate E ]

L
i

Calculate E,. E, for
kij-dk1j, kijtdkij

|

Get new value of kij from the
gradient of E ,and name it kij’

Kij=kij’

alculate about

Q :Flow Rate (w3 /day] Q0:Minimm Flow Rate  [w®/day]
C’:Inflow Concentration [g/w] C :Ouiflow Concentration [g/w]
L ‘Load [g/day] t Time [day]
S :Amount of Sediment (g] V Voluse of Vater [»]
k :Coefficient  [1/day] (kas (g/day] )

<Subscript>

s:Suspended Matter d:Dissoived Matter a:Sediment
19€1,j=s,d,a) means i — j change.
J=0 means decomposition of 1.

all kij ?

Fig.8 Flow Chart
to Get Optimized Coefficients

Table 7 Formula to Estimate Conformity

E=Es+Ed+Ea --(13)

- 1 Cs—Cs’y2 .
Es . 2(—f=s=— ) (14)
-1 Cd-Cd’ 2 .
Ed= Y = ( T ) 1s)
_ 1 Sa—Sa’,2
Ea= 5 E(T) (18)
Cs ,Cd , Sa ! Observed Value
Cs’, Cd’, Sa’ :Calculated Value
Ts ,Td , Sa :Average of
n : Data Number Obseved Value
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Fig.9 Obserbed and Calculated Values
Table 8 Results of Optimization Table 9 Results of Optimization
for Principal Coefficients for All Coefficients
CoD N P COoD N P
ksa .608 .631 .699 ksa .031 434 706
kas 2000 350 87 kas 130 231 89
ksd .066 L000(fix) .000(fix)} ksad 420 .320 088
kds .000(fix) .000¢(£fix) .464 kds 283 189 567
kda .000(fix) .000(£ix) .0000fix) kda 000 000 000
kad .029 L000(fix) .000¢f1x) kad .063 026 004
Ks0 .000(fix) .000Cfix) L000Cfix) ks0 348 330 000
kdo0 .000(fix) .108 .000(fix) kd0 -.031 000 000
ka0 .000(fix) .000Cfix) .000¢fix) ka0 500 000 000




Arnk. BHRIC T 2 HEWAFRMEF L+ ELTHE, Qs=k-5MQ" 551EQs=k-8M Q" 1.(Q—Qc)
(Qs . MRRMHME Q RAKE S REAHE nUBE{OBPA2)ORORsBEIhTWED
ZZT, SEEEFArEF T S LFAETH L2, #BEPpoRKRAICAREL ERDOREREILCL 5
TREINZNEIOTDHLLEEL, FEF AL+ TCRSEHEREBOHBRTFLELTHVWIRE ED . B X,
sol D ssEE~OBT®, AL sol BOHERY~OBITY, EBECEEEDE, #REDEXFODHEE
BEBELTWIETTDE0, FFrthld, RREEUNBIXTEET 2PHEO —KRRIG L EX ko

ULtOoEBRXEZHAN, dtd 1 BE LTHBECLI LRAKERE, HEF I UVHEREL L, TR
TEKEARE*HET D€ .- 47 n 75 2l LAk, HBELEUTRERBRECSREOHEIE
RTCRTHERE LAk, chib, BERBE RO LMEE, 25Kk COWTEOR/MER &
k1) & ROHEECRET b CORD, BBWRT7n —F 4y~ PRV, =, YEETHKL,
aE/aK1j=0 HEEERDBIE L —F2 TS AR LA

co7ursakBv, H6KRTEWHEHENBBEOWTOK R ERDL EEBOI IR ks Th
LORKBEC ST AEMBELHBEOBEFRER 9ICRT. sol BBEE, ssRHEE, ¥EELL, #rihl
(BRI EDBIERTER, Tk, BEOAkD, 2RBETEHBDRRILALERMNRITHEH, KR8 LK%
e+ AHE, PTRAEFBOBENBONTVELR, COD, NTHEIKFWVWT, M6 TOFREELETR
RLERYBAR. chib, PEAREH6TTELABIOHRTHE CH 5400, COD, NEI LR
AMTEEBLROVEELZTREL TWE EEL bR 2,

FEORBERANAYI V-V s v IV ROA—BLHVOPEBBHELFR10CTET. BEECD O
FILrhid, FCHTLABILENCE T HHEREEELT-COD, T-NTELZH 4~19, 0.05~0.47
(g/m/day) TH Y, B10CHTAUBEELE L LT OELA—F-HICEAF-K LTy b, WEBBHECEL
TRAHERREABEEZLTHELELLN L, WBCHPT LERS bORFIEOWMAEEWE, PTE0.35
~80 mg/wt/day,, BETIE30~200mg/w/day BEOHEZFTHER S (FLREXBRS 10,11) .
ChiHhBLTETICET 28K - BRI 2WHEBHRBE L OB TEREL, 22EBMEH L. T
DT ENL, FAINCENTEHEE  RUEOFEREET A L nEBHE I L. 24, zhieHlilce
FERBHER ol EPOER~OBITEEEBNCHE LAFIELZ s, AIICEnTid zh b0 RERHR

Table 10 Calculated Behavior of Pollutants

Sedimen- Vash (AY-(8B) for Dissolution Dissolution
cob tation (A) out (B) each day from SS from Sediment
g/w2/day g/m2/day g/m2/day g/m3/day g/m2/day
Min 0.770 0.381 -1.842 0.027 0.016
Max 13.558 5.078 9.775 0.358 1.131
Ave. 3.051 1.472 1.579 0.115 0.336
Sedimen- Vash (A)-(B) for Decomposition of
N tation (A) out (B) each day Dissolved Matter
g/m2/day g/m2/day g/m2/day g/m3/day
Min 0.042 0.067 -.595 0.092
Max 1.155 0.889 0.691 0.147
Ave. 0.319 0.258 0.062 0.111
Sedimen- Vash (A)-(B) for Adsorption of
P tation (A) Out (B) each day Dissolve Matter
g/m2/day g/m2/day g/w2/day g/m3/day
Min 0.000 0.017 -.098 0.013
Max 0.507 0.221 0.391 0.045
Ave 0.109 0.064 0.045 0.023
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