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ASSESSMENT OF EUTROPHICATION CONTROL PROGRAMS
USING AN ECOLOGICAL MODEL FOR A DIMICTIC LAKE

m R IE BE*, M OB X E** H B B 0 —*
Masaaki HOSOMI *, Mitsumasa OKADA **, Ryuichi SUDO *

ABSTRACT; An ecological model of Lake Yunoko, a dimictic lake, was developed to obtain quan-
titative information on the nutrient cycle in Lake Yunoko, particularly the sediment - water
interactions and to assess various programs for eutrophication control. A multi-component dynamic
model for nutrients in the bottom sediment-water system was incorporated nto the model, one
dimensional water temperature-water quality-ecological model. Good agreement between the
model calculations and observed nutrients, chlorophyll-a, and dissolved oxygen concentrations
mn the water and nutrients concentrations in the bottom sediment was noted. The agreement
between the model calculations and the measured nutrient flux from bottom sediment during
the summer stagnation period was good. The effectiveness of eutrophication control programs
on chlorophyll-a concentration in the surface water and dissolved oxygen concentration in the
bottom water was assessed using the calibrated model. Sediment dredging decreased nutrient flux
from bottom sediment. As a result, chlorophyll-a concentrations in the surface water at autumn
arculation period decreased in comparison with those of the control simulation. However, sediment
dredging had not an effect on the depression of nutrient release flux after 4 years as compared
with the control simulation. The depletion of dissolved oxygen in the bottom water during the
summer stagnation period was scarcely restored by dredging only. Artificial circulation increased
dissolved oxgen in the bottom water more than 5.2 mg 17! throughout the year, whereas chloro-
phyll-a concentration in the surface water scarcely decreased compared with the control simulation.
In the case of 50 percent reduction of external phosphorus loading from the wastewater treatment
facihty, the annual average chlorophyll-a concentration 1n the surface water decreased to 79 per-
cent of that of the control simulation for the 4th year.

KEYWORDS ; Ecological model, One-dimensional model, Sediment model, Nutrients, Dissolved oxy-

gen, Eutrophication control, Dimictic lake, Liake Yunoko
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NEXT
TIME 1
STEP CALCULATE

lREAD initiol m/ue?l

READ  input dota  weather, inflow 8
quality, coefficients
t

READ  output of water remperature mode/

- woter temperature, vertical
advection and diffusion

Clr+ar) verncal
advection and diffusion

CALCULATE Clt+4r)  production,

grozing , decay étc

C - concentration of abiotic
and biotic constitvent

OUTPUT |
[sToP

A flow diagram for the ecological
model

Fig. 4

Table 1 Input data and parameters for calculation of water temperature model in Lake Yunoko

Calculation period
Meteorological data

Imtial values

May 1. 1979 - Dec. 31, 1982
Nikko Meteorological Station

Measurements

Volume of inflows

Water temperature ofinflows
Densimetric Froude number
Molecular diffusion coefficient
Eddy diffusion coefficient

Mixing ratio due to eutrainment

Fraction of solar radiation absorbed

at the water surface
Radiation extinction coefficient
Shortwave radiation extinction coefficient
von Karman constant

Aerodynamic roughness length

Measurements (every day data obtained by interpolation)
Measurements (every day data obtained by interpolation)
025

0 00000014 cif /s

0 0000005 ( summer ) — 0 0001 ( except for summer ) cd/s
0 5 (for Odobu and Wastewater effuluent)

1 0 (for Groundwater )

05

04m!

002 m™' (in 1ce laver)
0 41 (1n ice laver)
007 (1n ice laver)

B) hBEEHT 0, FEBERCOLABLOETHE Y tav - b2 LRBTENEML -, B
KRBT CELON L7007 o vaOWRBEER, —BANEETHILLEHLLY, COEFLTH,
o DEANREEZRBLIY, CORELOBRECIIBUESTNBELIHEB L OERAE L SR
LEZONE, 5%, M7 5o b vRF LV S 2B EORBEF BT I2BAEHFRLETNL S,
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Table 2 The differential equations and adjunct equations to define the model

1 System equations ‘ ** - water
1) dAP,/dt =L 1,/H+ A, —(ap+ PHD, + #4+ PHO,) + CI1+KP, +AS2 « (FILD - PHD, * Cl+FILO « PHO, - Cl
+mmn (UP, ,UN, «CI/C2)+FILO)+ZO, +(J1, +D1, +OUT I, +RENI, +RELP,}/(H+A,)
(2) dAN,/dt=L2,/H-A, —(up * PHD, + #, « PHO, ) » C2+KN, +AS2+ (FILD » PHD, * C2+FILO* PHO, *C2
+min (UP, *+C2/C1, UN,)+FILO) * ZO, +(J2, +D 2, +OUT 2, +REN 2, +RELN, )/ (H*A,)
(3) dPHD, /dt =(#,—Mp) * PHD, —FILD « ZO, * PHD, +SETD * A, *« (PHD,-, —PHD, )
+(J3, +D3, +OUT3, +REN3,)/ (H+A,)
(4) dPHO,/dt =(uy—M,) » PHO, ~FILO » ZO, » PHO, +SETO + A, » (PHO, -, —PHO,)
+(J4,+D4, +OUT4, +REN4)/ (H- A)
(6} d2Z0,/dt =(AS1 - FILD « PHD, » CO+AS 1 » FILO » PHO, * CO + m (UP,, UN, - C1/C2) « AS1 * FILO » C0/
C1-Mz) +Z0,+ (J5,+D5, +OUT5, +RENS5,)/(H+*A,)
6) dUP,/dt =L6,/H+ A, +8TEP- A, » (UP, ., —~UP,) +C1 * (Myp* PHD, +M, » PHO,)+C1/C0+* M, » Z0,—KP,
+(1~AS1—AS82) * (FILD « PHD, * C1 +FILO* PHO, * C1) « ZO, ~ (AS1+ AS2) «FILO» mn (UP,,
UN, «C1/C2) * ZO, + (J6, +D86, +OUT6, + REN6,) / (H+ A,)
() dUN,/dt=L7,/H*A,+SETN -« A, * (UN, -;—UN,)+C2+ (Myp* PHD, +M,+ PHO,)+C2/C0 * M, + ZO, — KN,
+(1—AS1—AS82) - (FILD « PHD, » C2 +FILO- PHO, « C2) » 20, —(AS1+AS2) «FILO *» min (UP,»
C2/C1,UN,) + 20, +(J7,+D7, +OUT7, +RENT ,) / (H+ A,)
@ dDO,/dt=L8,/H*A, + DOEXC + ( &5 * PHD, + #, + PHO, —KR, » (PHD, +PHO,)) * C3—KP, + C3/C1
—SEDO/H+(J8, +D8, +OQUT8, + RENS8,) / (H* A,)

2. Adjunct equations © - - water
(1) #p=MAXu#p+ (T, /TO) »exp (1 —T,/TO) + (I,/LO) - (1—1,/LO) * AP,/ (KMP+AP,>+ AN,/ (KMN+AN,)
20 #o= MAXup +(T,/TO) vexp (1 =T, /TO) * (1,/LO) +(1—1,/LO) * AP,/ (KMP+AP,)+ AN,/ (KMN+AN,)
(3) I, =1Ioexp (- (EXTC+ (PHD, +PHO,) +EXTW) + H*1)
4 KP,=Kp* 0,7'"% - UP,
5) KN,=Ky* 8,772« UN,
(6 KR,=RES- 87'"%
(7} DOEXC = KEXC + (DOS - DOy) for 1=1
DOEXC = 0 for 251212

3 System equations - - - sediment

(1) Z+ @,+dSAP./dt =FSS+ @, « APOW/(1—@;)—SAP,* ®,+ S —ABS*SAP,+Z+ 9,
~Di+ (1+@,) « (SAP1 — APOW) /Z+D2» (@, + @) « (SAP, —SAP,)/
(2¢D)+p+(1—@,)+2°GP,; for 1 =1

(20 Z+®, +dSAP,/dt =SAP,-,+ ®, ,*S, ,—SAP,*®,+*S,—-D,*(0,.,+@,) « (SAP, ~SAP,_)/(2+2)
+Dy41 2 (@, +@,4 )+ (SAP,, 1 —SAP,)/(2+2)+ p+ (1 —®,)*Z+GP, for 2112

8) Z+p+(1-0,)+dSUP\/dt = FSS* @+ UPOW /(1 ~ @) +8ETLP—0+(1 — @)+ SUP;+ 8,
—GPy*Z+p+(1—@,)+ABS*SAP, - 0,2 for 1 =1
4) Zep+(1—@,)dSUP,/dt =p+(1—@,_,)*SUP,_,+*S,.,—p+(1—0,)+*SUP, S,
—GP,*Z+p+(1-0,) for 2=1<12
(5) Z*®;*dSAN./dt =F85+ @, - ANOW/(1—0)~8AN;*®,+S$,—Dy+ (1+®,)+(SAN,~ANOW)/Z
+Dy (@ + @) *(SAN,—SAN:)/(2+Z)+ 8+ (1—0,)+Z+GN, for 1 =1
68) Z+®,+dSAN,/dt = SAN,_;* ®,_,+S,-,—SAN,+*®,+S8,—D,*(®,_, +®,) *(SAN,—SAN,.,)/(2+2)
+Dy41 2 (D, + @41 (SAN, ., ~SAN,)/(2+Z)+ p+(1—0,) *Z* GN, for 2=1=12
(7} Z+p+(1—@,)+dSUN,/dt = FSS+*®,* UNOW/(1—®)+SETLN~»p+(1—®,)+SUN, 8§,
—GN1*Zep+(1-0}) for 1 =1
8 Zep+*(1-0,)+dSUN,/dt =p+(1—®,_)+8UN, ,+8, —p*(1—-0,)+SUN, +§,
~GN,*Z+p-(1~0) for 25112
4 Adjunct equations - - sediment

1} 8, =FS8/(1—-@,)
2} D=0, @, +DIF
{3) GP,=(SUP, - SEDPO) » KSED * exp (~ @ *1) * 55" ™%
4 GN,=(SUN,-SEDNQ) * KSED * exp (~ @ *1) * 055" ®
(50 ABS = ABSO * DOOW/ (KDO+ DOOW)
(6) SETLP = ( Z(SETD » PHD, » C1+SETO * PHO, * C1+SETP » UP,)* (A, —A,+1))/A,
for sediment submodel A (0-4 m)
SETLP = ( £ (SETD ¢« PHD, * C1+SETO * PHO, « C1 +SETP * UP,)* (A, ~A,+1))/Ap
where Ap=0 for sediment submodel B (5-12m)
SETLN = ( 2 (SETD » PHD, * C2+SETQ « PHO, * C2+SETN * UN,)* (A, —A,+,)) /A4
for sediment submodel A (0-4 m)
SETLN = (2 (SETD + PHD, C2+SETO«PHO, * C2+SETN»UN,)+(A,—A,+))/Ap
where Ag=10 for sediment submodel B (5-12m)
8) RELP, =(1+®,)+D, *» (SAP,~APOW) * A,/Z
9 RELN,=(1+@)+D, *(SAN\—ANOW)+A,/2

T
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Table 3 Values of parameter used in the model

Parameter Values Found by Parameter Values Found by
ABSO 204! Cahbration MAX #p 154" References
AS1 015 Calibration MAX 2o 10d7! Calibration
A82 01 Calibration Mp 00547 References
Cco 50 gC chia g' Measurements | Mo 005d7! References
Ci 12~07gP chlag™! Measurements | M, 0104d7! References
Cc2 11 gN chla g™* Measurements | RES 020d™" Cahbration
Cc3 150 g0 chla g~' Calibration SEDNO 0 0035 gN g™ Measurements
DIF 86x107*nf d°* References SEDPO 00013gP g™! Measurements
EXTC 0 25 of chta mg™* Measurements | SEDO 10g0; m™2 4! Measurements
EXTW 003m '’ Measurements | SETD 010~20 md™! Measurements
FILD 02mg'Cd! Calibration SETN 008~16 mad!' Measurements
FILO 20 g 'Cd! Measurements | SETO Omd™! Measurements
FSS 1078 ot dry m™2 47" Measurements | SETP 010~20mad™! Measurements
KDO 20g0; m™* Calibration TO 18°C References
KEXC 10d? Calibration a 10— Calibration
KMN 010 gN m™* References 7 108— References
KMP 0 005 gPm™* References 0 108~ Calibration
Ky o10at Measurements Osep 110— Measurements
Ky 0104d7" Measurements | o 24x10%g dry m™* Measurements
KSED 0077 d7! Calibration o, 096~0 80— Measurements
LO 300 cal m ™% 47! Calibration
KEERHOER ) vOBEICE -
o g8s. . 025, o ges.
TERESYLEIONIEREBOER ;E’ 1979, 5,1 O :E) 1979, T :3) 1979, 724
. . 21 [«*
c ) vicERY 5, BRTERRE (- 10 : 1o 7 ‘o 7
. . = [ s L]
o) BOBBEEE, WHE) ©OF  ~ | . SN f
BiEl, 2hZzh 7.3 - 11.6mgN g™, f ¢ . .
2
- Ny o L
2.04—2.80mgP g ! @ﬁﬁ@’c, itb’k‘:rﬁk LIPS 5 015 20 %o H w15 20 Yo 5 1 15 20
_&Edﬁﬁg (0 1 ) q:m%;gﬁﬁ""i TEMP.(*C) TEMP.(°C) TEMP.CC)
e ~—lcm AR E R,
- E
MERY v OFEMER, ThEFh64 - . g0, . ass. i
: ’ © M ieso.7as T dh ige0. 720 T & 1gp0. 821 T
88mgN g™, 1.66 - 2.15mgP g™ D#i - § 12 ¥ 2 A%y
. i . L 10 % 1o 10 7
BCEB Lk, —F, RESEEOEN o . £ o &
. . . 8
i, WEEER, BEE) v thth 9 F . ! . ]
6.0 -72mgNg™, 1.7-22mgPg™! o 2 {_I 2 1‘£ z []
N 2 e H 10 1s 20 o L] 5 10 15 20 o L] H 10 18 0
DERILH ~To LpL, EAMBEREE ® ’ TEMP.(-C) TEMP.C*C) TEHP. L C)
0-2mH 3V 0-3aTHZDT, 3
. 013, s 938, . 015,
BELGRBO-2ambB30 i 0-3mDE E ;El 981, 4.5 ®_1ge1. 4.28 e % 1901, 5.18 o
HiEE s hiE, FREERAEOREN 0 0 o N ;
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