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HYDRAULIC ANALYSIS OF EUTROPHICATION IN A
RESERVOIR BY MEANS OF NUMERICAL METHOD

By Yoshiaki IWASA, Naoki MATSUO and Yoshiaki MORIKITA

Synopsis
This paper deals with the mathematical procedure of simulation for the eutrophication in
reservoirs. The previous simulation models for the eutrophication process have been re-
viewed and the mathematical model developed by the authors is evaluated through numerical
comparisons with the previous ones. The mathematical model of higher level and the nu-
merical simulation technique are explained and their sophisticated application to the Muroh
Reservoir is also made. The obtained results are discussed in view of hydraulic aspect.
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Fig. 1. Mechanism of change of eutrophication indicators in view of
phytoplankton population dynamics in control volume
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Table 1 Simulation models of eutrophication

Mathematical modelling Investigated Division Period
No.| Researchers| Indexes, . HydrauTic s N area of of
B Equations process Biological process (waters) space calculation
sy | P-PL gB_i=[m] [103 Estuary of San | Some blocks 2 years
1|Ditro et al | Z-PL at "t Joaquin River |involving a
(1971) N [ec] measuring site | (st=1 day)
2| tnous’ p-PL 281 o0y [Not considered [P=PDe{ Nu- Amagase Some blocks 1 month
(1975) 7-PL 3t trients])] Reservoir deviding by one
=P} microcosmo (at=1 day)
P-PL Bi_ N Some blocks 3 years
s JSC‘E) 7oL 5t -L10] (10] Lake Biwa (One Tayer
(1075) N M blocks in (8t=0.1 day)
ON [pc] southern part,’
P Two Tayers
{except P blocks in
in plan- nothern part)
kton)
P-PL 3Bi_ Lake Glums¢ One box 1 year
4 [ dgrgensen’ Z-PL 2t UB] 0
?1876) N (s £s] (At=l~a few
ON M days)
P
o [rc]
n| P-PL 3Bi_
5 | somiya et a1 z-pt 3t [lf] [10] E:ut:::nsp::;?. One box 3 years
(1978) Iy [s] [s] (at=0.1 day)
+
" (3]
w | P-PL 2Bi_ Takahamairi dorizontally 1 year
6| Tsuno et al | (Algae |t ~110 (10] Bay in Lake | devided three
(1979) }g £s] {s] Kasumigaura blocks (at=1 day)
+
(pc]
P-PL Hydraulic| Unsteady Mikawa Bay Unknown Unknown
7 [Kish & Z-PL model tidal flow
Nakata ' 1P ﬂL[C] model
(1978) Detritus |ot - 1Simuld;ed
(op) by FOM
[E] 03]
[rc] (03
P-PL Hydraulic| Prediction Muroh Deviding by 1'year
8 |Iwasa & o] Z-PL model model of Reservoir a block
Matsuo et al] IN “4:[10] reservoir {ax=1km, {at=tens or
(1979) ON at tY dynamics ay=1m) hundreds
™ rcl in view of of
. thermal aspect minutes)
0] [10]
+ [c3
[s] 0]
+
{rc) [s]
Notations
P-PL ; Phytoplankton EIU] 5 Inflow and Outflow Terms
Z-PL ; Zooplankton PC] ; Production and Consumption Terms by Biological Process
IN 5 Inorganic Nitrogen [S] 5 Settling Terms
N ; Organic Nitrogen €1 ; Convection Terms
IP 5 Inorganic Phosphorus {D] ; Dispersion or Diffusion Terms
OP ; Organic Phosphorus
P ;5 Total Phosphorus
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Table 2 Simulation models of phytoplankton population dynamics

Growth rate o Predation rate
No.| Researchers Temperature[Light intensity] Nutrients Respiration rate (Death Reference
Ditro et al [z_pL
1 (1971) P E M(P) P(temperature) concentration
Inoue Z-PL
2 (1975) P 14 M(P) P(temperature) P[concentrat\on
JSCE Z-PL
3 (1975) P E M(N&P) P(temperature) P(concentratmn
4 J’f‘i‘g;‘gﬁ" E E M(N.P&C) | E(temperature) |E(temPerature) | pocoroncer
Somiya et al PLZ"PL ]
5 (119,78) P M M(N&P) P(temperature) concentration
* %k
6 TS‘;;‘;;;‘ el P £ M(N&P) P{temperature) |P{temperature) |Reference2
fohs Z-PL
7 Kli']\;}al;aka;a e E M(P) constant P[concentration} Referencel
*
Iwasa,Matsuo et al p[Z-PL . ]
8 (1979) P E M{N&P) P(temperature) concentration
* *
Notations E(temperature) ; Exponential function of (temperature)
P(temperature) ; Proportional function of (temperature)
M(N) ; MONOD type function of (N)
*; Considering a correction of temperature to diatmeae
* * 3 Considering saturation effect
referencel ; Death rate is constant
reference? ; Space effect to growth rate is expressed as decreasing function
(exponential type) to phytoplankton concentration
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Table 3 [CRT XD ICED .

Table 3 Parameter values in simulation
processes of eutrophication

ELEVATION
§33. Sept. 30 1977 notation parameter value
R 0.919 (1
200, T (1/day}
ch 0.0957 (1/day)
R 0.0383 (1/d
2801 7 (1/day)
Ry 0.027 (1/day)
270, o 1.0
ecp 1.05
2604 o 1.05
eN 1.05
250 L] a 0.05  (ppm-~c/ppb-chla)
ELEVATION B 0.01  (ppm-N/ppb-chla)
(m) Y 0.2 (ppm-N/ppm-Z)
R Aug.3
300 ug.31 1977 ch 60 (ppb)
K .
290 NI 0.1 (ppm)
KPh 0.01  (ppm)
280 Is 460 (cal)
¢y 0.25 (1/ppm C° day)
270, a, 0.6
Yo,Cp 0.3 (m/day)
260 ] Vo.Ph 0.3 (m/day)
Vo,No 0.3 (m/day)
2504 L Hg 0.0385
Fig. 3. Distribution of chlorophyl-a concentration T 0.2
in the Muroh Reservoir By 0.001
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