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Simultaneous Estimation of Diffuse Pollution Loads and Model Parameters
for River Water Quality Modeling

HA 4 BF e
Jun, Kyung Soo / Kang, Ju Whan

Abstract

A systematic method using an optimal estimation algorithm is presented for simultaneous estimation
of diffuse pollution distributed along a stream reach and model parameters for a stream water quality
model. It was applied with the QUALZ2E model to the South Han River for optimal estimation of
kinetic constants and diffuse loads along the river. Initial calibration results for Kkinetic constants
selected from a sensitivity analysis reveal that diffuse source inputs for nitrogen and phosphorus are
essential to satisfy the system mass balance. Diffuse loads for total nitrogen and total phosphorus
were estimated solving the expanded inverse problem. Comparison of kinetic constants estimated
simultaneously with diffuse sources to those estimated without diffuse loads, suggests that diffuse
sources must be included in the optimization not only for its own estimation but also for adequate
estimation of the model parameters. Application of optimization method to river water quality modeling
is discussed in terms of the sensitivity coefficient matrix structure.

Keywords . diffuse pollution sources, parameter estimation, river water quality modeling, sensitivity
analysis, South Han River
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1. MZ F-Al(expanded inverse problem)®] 215 2 FAo| T
s cA#eE fsiAe R fYdHE 29 g AEe] FEEY st Mahar®t Datta, 2001
Sahakell digt Frivt daHow a7H sk o4 Wagner, 1992), sbd #ARdH] ojM= ofz71A]
A2 24 A e9d vd 2 Adiffuse load) o= olgj3l Mol Alxd by} ¢l
T2 g Uk v edde A g ¥y 2 oAl AMEE RejEHS QUALE 23
T AAY 2715 LdehliZIZE ol ol upepA (Brown¥} Bamwell, 1987) 0.2 w] 37 HZo
HA 2 Fatde] HrhE Aste] 3914 (Albek, 1999, oste] Jingd, 7hd de deldl A FARY 9
2003), HEE4 2y 9 §9 $ERY 59 77 AA shitolth vl o R3kg o] wigk 2o s)5e
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olgigt WHEL FE AHE Tl EFE FUHE (incremental inflow) 2.2 FFro 24 olgld v)d ¢
g 99 Fatkel Huto] ARgE 5= o) ol e deol sprdel mPAE JgS Zog 4 Q)
WS o5ty ke FEAE AERNE AAHE A QUALZE =¥ ¥ 1 A& &3l FugsiA 71&3
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A LdYe] L= A9o) 8o shEet) e Ztge] A4 (Rauch 5, 1998; Shanahan %, 1998)3
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o 38t AESA pked BHEE rpsES ¥ gEol 71 Ao A wardk Aol o
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28] Hagdid 7172 19909 4€58 1197119 I AEe] A A Fa dheAIGe AEE 9
MY roZA (2] (3)ellA NS = 8) o] 7|7 Tt ¢ g Rt A4S Al g Wl 3 AR wkg
M FEFAL BIRGT o /1 B AP AFE WEAA she, a0 e AR Ee] FE)
SRRl 25 sk FELe £3 TuUEge] = A AxE P @stE A0 2 A(Schnoor, 1996), ©]# &t
BRFATAA00 Ishe] FAH vk vk 5ol & mAHQ Wgw BALe AMAT A 9 v
=2 chl g AT 84E(Organic N, NH-N, = WARSE st naRg FAHA Y SAAEHE
NON, NO:N) 2 A3 24E(Organic P, A = AEE 5= AL BE H4 FH EA9 =
Dissolved P), BOD % DOe|t}. Zt 285 7he] A 9 324 IAA AT = e A gk Fet
We Bge] P2 % WgAEe Bownd Bamwel & 7F5ebA sETh & 209 WAL WAE &
(1987l AAB] 7=l ). AFd BAFHoRE Al w72 23E Ao AZ7AFK)E BF
FF9 9 BF PR L 43 427 AEH 26 o gdAtE 3 n@ste] Owens 5
o Z AHeRREHe /9 F¥9 FE& ZY3lA (1964)9] 215 H&atgom, weps] FAU w7
wskon], 4 oA YHAARE Rolsarh 4 AR oA Ak MPE BHe| T WSAFSL
9 ARLE 27 26 BAEC] vk A FYHHS UHE B AME-E FHEe] W9 (Brownd} Barnwell,
49 9 FdF 2 UEH AEES olf EFA F 1987) 2 HiF x| 9} A E 10 EAHO Aok 2HSA
Mo olste] Fetyon, 43T A BSX 9 ¢ Eo o] e EF 20 CE 7o & 3 Aojuk % 19
4 o9 o 7Y QUAEE ASEU 2R 4 A gRAE AL s8] 10 6 ol ol
Hargd BE AAE W82 0]Z2A(1993)e 71EH o ek e} slgkx| o] 718t BAAE, 2 o]kl A -foll=
o1t} A BEAE 242 e Aolt

E 128 ojziei ghEe He 2 HAEXER0 T 715
7] & 49 51313 H=| g5k | b o*
ap chlorophyll a to algae ratio 10 32 100 G
a; nitrogen fraction of algal biomass 0.07 0.08 0.09 A
a phosphorus fraction of algal biomass 0.01 0.015 0.02 A
as oxygen production per unit of algal growth 14 16 1.8 A
a4 oxygen uptake per unit of algae respired 1.6 1.95 2.3 A
as oxygen uptake per unit of ammonia oxidation 30 35 4.0 A
as oxXygen uptake per unit of nitrite oxidation 1.00 1.07 1.14 A
o algal respiration rate [1/day] 0.05 0.16 0.50 G
Lnax maximum algal growth rate [1/day] 1.0 2.0 3.0 A
Px algal preference factor for ammonia 0 0.5 1 A
rate constant for biological oxidation of ammonia
5 to nitrite [1/day] 0.1 1.32 1 G
B rglte constant for biological oxidation of nitrite to 0.2 063 9 G
nitrate {1/day]
By rate coTlstant for hydrolysis of organic-N to 0.02 0.089 04 G
ammonia [1/day]
rate constant for decay of organic-P to
% dissolved-P [1/day] 0.01 0.084 0.7 G
o algal settling rate [m/day] 0.15 052 1.83 G
o benthe% source rate for dissolved phosphorus 0.0004 0026 17 G
[mg/m°/day]
I benthal source rate for ammonia [mg/m*/day] 0.0004 0.027 1.8 G
Uy organic nitrogen settling rate [1/day] 0.001 0.01 0.1 G
05 organic phosphorus settling rate [1/day] 0.001 0.01 0.1 G
K, BOD decay rate [1/day] 0.02 0.26 34 G
Kj BOD settling rate [1/day] -0.36 0 0.36 A
Ky SOD rate [mg/m%/day] 0.07 0.7 7 G
* Al 2k FHd G 718 3
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SAT T 24 (oA NP = 11) njrjige FAYEE oat AF e viERd Fojth Ak &
AL FYsIAY. ARG S HEARE Fge 245 2 Q¥ 24 dE A A AlE Fel
dHAte] AlE ol A GAlA S gholl vlske] 1 chl. ¢, BOD % DOl digt ol ez Al guvt &
% ol TadtA ¢od FTHEIEE Ik WHEA A ackeE 2E & ok ad 48 49 98T
b AL 43] whol] FEETHE 3 ZF). ol¢} o] £ AMEE At F AATN; 4 8 84%
A&3] FEdt A2 % 20 e 93T Al d™e 9 ), F (TP, ¢ «38 8489 §), BOD ¥ DO
TEERY thEa o] olajd 4 vk #H] e o] & AdAE #SH S 8lug Aotk TN TP

Sy 1t N BEQNS AL, Sy (ool @ O TR A FEI AR DA vlste] 47
5 2O Ao o 2 o) EF AL 51 A5k
§71900) WMD) B S, (0ol AT DOS Mmoo S AT SR ING A ol 4y

1) o ’] . . o] @A35] et it TN i #h8-2 (Brownd
0135 ol 215 =2 g7l 1= P
S =t Eoﬂ ""] ‘h\y_ ‘:}1_ fRAS w el ﬁ]Taoﬂ H]o}-O:] UH’T BaI’TIWGH 1987) 1__: O']L\E_ HH7H%'/T:OH EH{SH/ﬂ TN—’]
2} mEA Sy (el i f7)dAae 1R F W7EE 0018 2a6hA] @e wzE BA AnE w
AlE R AR 942 Z1E aEsiteks vigE A W, Sh= Ul TN9| ##& nEFoejof 38 & 4 Uk
F g 7 -8 E(block-diagonal matrix)ol =j-$- = stHos §deEs TNY 28 o3 dvoz §
7t R Al g8y o g floA s EH= &Y 34 Zotop gt} whbA ArbEETt HEA
g 22 FA FAE chl a FE2FE 4, e R 05 of Hjgtel AFBEA A JEE e AMNERSE
FAsks A, 44 o8 SAERNEH 6, 6, B B o] HaF 9101]‘: F7H o4 Rt glofof &
g FAste £A4, Q) <% 24525 E 8 2 o5 AMrleid, SRS wmEr BEE HE 299e] o 3
FAs= A 2 BODSF DOERH K, Kz ¥ Ky gty B 5 9o
FAZE oA T NS B FAHEAR FelE 5 webs o] T B2 27 FARAANA L EA oF
RS owigth e A} el ik v o9 RI(FT RIS WS

E 3 H|IE 2yeg ZESHA| 22 Fdee oo FHof mE fFX X HEE
vhEARE | F o) Td e e ARy
) A chl. a Org. N | NHs-N | NO>-N | Org. P Dis. P BOD DO
1 14.73 0.35 3.73 2.86 2.54 2.66 1.67 0.81 0.103
2 14.39 0.29 3.66 2.71 2.53 2.66 1.67 0.77 0.102
3 13.02 0.22 3.58 2.38 2.53 2.00 1.57 0.65 0.096
4 12.93 0.07 3.62 2.43 2.53 2.00 1.57 0.60 0.097
BOD DO
20 —t 2 1 A ] N 1 n 15 1 1 A ] " ] 2
} o 3
— 1.6 - - =12 -
— A —_—
=) [>) ] !
:t-; 1.2 4 - ;’ 97 AL A =
£ S -
] ©
3 0.8 - A . 3 6+ -
Q L
S 8] '
0.4 - 3 -
} ] |
0.0 ¥———T——"T—"—T7T—7 0 7 T I 17 7
0.0 0.4 0.8 1.2 1.6 2.0 0 3 6 9 12 15
Measured (mg/l) Measured (mg/l)
(a) BOD (b) DO

F3TE GT125% 200491 12H

1015



TP

Measured (mg/l)
d TP

0.00 0.03 0.06 0.09 012 0.15

0.15
0.00
.I

h=1}
=

(1/6w) payenojen

TN
———T
10 15 20 25 3.0
Measured (mg/i)
{c) TN

o

0.0 05

3.0

(1/6w) pajenojen

[eXez]
T

RlE:

<

ol

=

=

3} ol

=

=

F 849 2 374 kg/day/km7} Bt
BS99 FHX

774 vk

SATEHA (Dol NP =7) TN 2 TP 27 43

[+

Ky

=1
=

B 01, thax, £, 05, K1, Ks

st} ol we} chl. g, TN, TP, BOD ¥ DO

=)

23

o]

2 4

A~
e

=
=

Hr

3}

1

Ol
o

29]

x

E7K
Aotk ol

1

4

1

hu
e

Els
-
=

o} Gl o
o

= =

= ey
AertA 7t &

oA AuEH, o

o

b

)

1

k<]
i

al

%4

2E

270 2 1.060014 oA

4, TN} TPell tf

o] Wl 39 59 A2 Jehid

o} chl. @, BOD 3t DO°ll thgh Addjeal Al &2 H]

Fol Al g2

ol vl e gFst F=(4 (34 ND
gkA, TN TP 7%

ol
Il
o
ol
il
&)

-
o

<R
T

DO
0.102
0.101
0.102
0.102
0.100
0.100
0.095
0.098

BEKARBERHLE

BOD
0.811
0.792
0.792
0.788
0.765
0.753
0.627
0.609

FERHE
3

=

F FAE

0.847
0.847
0.761
0.761
0.761
0.761
0.761
0.761

358 oA A
TP

J

TN
2057
2.057
2.057
2.057
2.060
2.060
2.070
2.061

0.322
0.299
0.289
0.259
0.237
0.027
0.027

A, 2 5ol o
0.345

bt TN} TP Al w=7F ¥ 49 7ol w]siA

<

L

4.163
4.119
4.011
3.997
3.945
3.910
3.581
3.556

1016




TP

A | i i 1 2
< I
- < | =
J < << R
) I ] M '
w N N «© (e} [~
e - S < = e
o o o o (=] o
(/6w) pajenojed
] A ] ] a, A 1
— A o
J < v I
J < R
<
1 I v I v 1 v L]
e w o v o n 9o
(3] N N - - o o

(y6w) pajenojes

0.00 003 0.06 0.09 012 0.5

1.6 20 25 3.0

1.0
Measured (mg/l)

0.0 0.5

Measured (mgl/l)

b) TP

(@ TN

iy

el

0.05
1.00
0.150
NA
NA
NA
NA

98.3

433
0.100

0.532

-0.176
0.117

0.16
1.25
0.150
0.544
0.632

0.057

0.177

NA

NA

0.034

0.688
-0.320

0.070

p [1/day]
Hmax [l/day]

o1 [m/day]
61 [1/day]
B> [1/day]
B [1/day]
51 [1/day]
CLI [mg/l]*
C 12 [mg/l]**

o5 [1/dayl

K, [1/day]

Ks [1/day]
Ka [mg/m*/day]

o 747

1]

|

of

J
——
o
o

oF

o
&
~L
o

ol

23e @

.
L

%

& A4

87} 9

)
=

1217] wiio}”) % &t
o] chl. @, A4 2 <19] %

f
e

i
oF

1

3} A7) o

14

AZ

s

1

N CL

B Qo) Ae] 35k

1017

12H

20044~

"
%

T3 F12



Fol A8 & ASL BolFT gtk B AN A
orel WE % FHPAE QUALE B9t FARE 7]
5 7 e 3Y 54 239 ASE Hgo] 7
3t

THIEATY (1990). 2 =@ 25 S

993). A Folisx 5 oA e =AL
=

(=]
2 JEAE: WS $RTAL Y @I Aest

Albek, E. (1999). "Identification of different sources of
chlorides in streams by regression analysis using
chloride discharge relationship.” Water Environ
Res., Vol. 71, No. 7, pp. 1310-1319.

Albek, E. (2003). "Estimation of point and diffuse
contaminant loads to streams by non—parametric
regression analysis of monitoring data.” Water,
Air, & Soil Pollut., Vol. 27, pp. 229-243.

Brown, L.C. and Bamwell T.O. (1987). “The
enhanced stream water quality models QUALZE
and QUALZE-UNCAS: Documentation and user
manual.” EPA/GX/3-87-007, US. EPA, Athens,
GA, USA

Doherty, J. (2000). Visual PEST: Model-independent
parameter estimation. Watermark Computing &
Waterloo Hydrogeologic, Waterloo, Ontario, Canada.

Donigian, A.S., Jr. and Huber, W.C. (1991). “Modeling
nonpoint source water quality in urban and
non-urban areas.” EPA/600/3-91-039, U.S. EPA,
Athens, GA, USA.

Hill, MC. (1992). “A computer program (MOD-
FLOWP) for estimating parameters of a transient,
three-dimensional, ground-water flow model
using nonlinear regression.” Open-File Report
91-48%4, US. Geological Survey, Denver, CO,
USA.

Hill, MC. (199). “Methods and guidelines for
effective model calibration.” Open-File Report
98-4005, U.S. Geological Survey, Denver, CO,
USA.

Jun, KS. and Lee, KS. (199). “Calibration of a

1018

water quality model using an influence coefficient
algorithm.” Proc. North American Water and
Environment Congress & Destructive Water,
Anaheim, CA, USA, pp. 4010-4015.

Karadurmus, E. and Berber, R, (2004). "Dynamic
simulation and parameter estimation in river
streams.” Environ. Technol., Vol. 25, pp. 471-479.

Mahar, P.S. and Datta, B. (2001). “Optimal
identification of ground-water pollution sources
and parameter estimation.” Water Resour. Plng
and Mgmt., ASCE, Vol. 127, No. 1, pp. 20-29.

Marquardt, D.W. (1963). “An algorithm for least-
square estimation of nonlinear parameters.” J.
Soc. of Ind and Appl. Math, Vol. 11, No. 2, pp.
431-441.

Owens, M., Edwards, RW. and Gibbs, JW. (1964).
"Some reaeration studies in streams.”, Int J o
Air and Water Pollut., Vol. 8, No. 8, pp. 469-486.

Rauch, W, Henze, M., Koncsos, L. Reichert, P,
Shanahan, P., Somlyody, L. and Vanrolleghem, P.
(1998). “River water quality modeling: 1. State of
the art.” Water Sci. Technol., Vol. 38, No. 11, pp.
237-244.

Schnoor, JL. (1996). Environmental modeling: Fate
and transport of pollutants in water, air, and soil.
Wiley, New York, NY, USA.

Shanahan, P., Henze, M. Koncsos, L., Rauch, W,
Reichert, P., Somlyody, L. and Vanrolleghem, P.
(1998). “River water quality modeling: 2.
Problems of the art.” Water Sci. Technol,. Vol. 38
No. 11, pp. 245-252.

Somlyody, L., Henze, M. Koncsos, L., Rauch, W,
Reichert, P., Shanahan, P. and Vanrolleghem, P.
(199%). “River water quality modeling: 3. Future
of the art” Water Sci. Technol., Vol. 38, No. 11,
pp. 253-260.

Wagner, B.J. (1992). “Simultaneous parameter esti-
mation and contaminant source characterization
for coupled groundwater flow and contaminant
transport modelling.” J. Hydrol, Vol. 15, pp.
275-303.

(=R 5:04-94/85:2004.10.07/ 414 5:2004.11.09)

BEKERREWE



