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Abstract

The reservoir in Taiwan almost subjected to the problem of eutrophication because 

of the surplus of nutrient result in the uncontrollable growth of algae. It is the most 

important topic to control the loading of phosphorus, in order to retain the good water 

quality of reservoir. Numerous agricultural activities, especially the production of tea or 

fruit in riparian areas, are conducted in watersheds in the upstream of reservoir. 

Nutrients from such activities, including phosphorus, are typically flushed into rivers 

during high flow period, when over 70 to 90 % of the yearly total amount of 

phosphorous enters reservoirs. Excessive or enhanced soil erosion from rainstorms can 

dramatically increase the river sediment load and the amount of particulate phosphorus 

flushed into rivers, at this time, the particulate phosphorus is the dominant form of 

phosphorus. 

The study area Da-Lin bridge is located at the Daiyujay Creek watershed, which 

feeding the Feitsui Reservoir in Taiwan. First, the kinetic of adsorption/ desorption is 

found that after the water samples preserved over 16 hours the adsorption and 

desorption of the system approached equilibrium. During the high flow rate periods the 

Langmuir isotherm performed the best results of the others in the specific adsorption of 

phosphorus, furthermore, the amounts of TP transported through the river cross section 

during the June 9 rainstorm and Typhoon Bilis during duration T were accounted for 

roughly 0.7% and 28.8% of total TP loading during 2006, respectively. It shows that 

during the high flow rate periods which contributed the most amount of TP loading in a 

year. During high flow rates periods, the sampling data the of the river always regarded 

as the average concentration of the river section, which must be confirm first that the 

nutrient concentration is completely mixed at the sampling section or the estimation of 



vi�

�

the method may make some error. 

Besides, river section are classified into several subsections during typhoon 

Saomai and typhoon Shanshan and the sampling and simulation are excuting by each 

subsection to identified a more efficiency method for more representative data. The 

Chiu’s sediment concentration distribution formula performs the suspended solid 

concentration well. As mention to the dissolved phosphorus, the method is developed 

by the diffusion theory and then dimensionless concentration profile formula is obtained. 

According to the result, assume that the major source of the nutrient occurred at the 

depth of the river with the same opportunities. The results show that as the average 

concentration could easily pump at the depth between 0.4-0.6D. In addition, as mention 

to the particulate phosphorus concentration profile, the results found that the most part 

of the suspended solid could classified as silt or clay, which used to adsorbed more 

particulate phosphorus than any others. The specific adsorption � (=X/m) ranges of 

water samples in the typhoon Saomai and Shanshan are observed as 79-3,065 mg P/kg 

SS and 67-13,329 mg P/kg SS, respectively, which almost at the state of desorption. 

The usage of relation between basic concentration 0C  with adsorption coefficients mK  

and m� , whicn simplified the amount of sampling. So that the cost of sampling should 

be save and further makes the sampling of phosphorus becomes more efficiency and 

economic. To summarized the results of the research, which could found out the effect 

of  management of land use in watershed by estimation of phosphorus loading during 

high flow periods and could also used as the references for the management of land use 

in watershed in future. 

Keywords: high flow periods, total phosphorus, phosphorus loading, adsorption, 

desorption, adsorption isotherm..� �
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Redfield et al. 1963

C/N/P 106:16:1( 41:7.2:1) Redfield ratio

Healey and Hendzel 1980 Hecky et al. 1993 N/P 

7 (limiting factor)

Chapra 1997

N:P 7.2
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equilibrium P concentration, EPC0) �(=C/ EPC0) EPC0

�>1 C>EPC0

�<1 Liu et al. 2002

( )

(PO4-P)

0-10

0-0.5 10.40–56.40 mg/kg

(<63 �m)

26.32 204.08 mg/kg

pH

V pH 7-8

Harter 1968 Williams et al. 1970 Ku et al. 1978

pH
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(Langmuir equilibrium equation) (Freundlich 

equation) pH
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Miller et al. 1982 Dong et al.

1983
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3.1

(Feitsui Reservoir)
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(Daiyujay Creek) (Peishi Creek)
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3.1.1

303

50

17%
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�

3-1   

23.50N

Tropic of Cancer

1210E� TAIWAN 
Daiyujay Creek

Peishi Creek Sampling Station 

(Da-Lin Bridge)

Feitsui Reservoir 
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3,405

 

 

3.1.2

85.9%

6.6% 1.1% 2.6%

 

2006 8,890

3,000-5,000 1,000

 

2006 4

2007 3 (DO) (SS) (TP)

(NH3-N) 7.9 3.39 0.017 0.033 mg/L
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3-1 2006 4 2007 3  

Year� Mon.�
DO�

(mg/L)�

SS�

(mg/L)�

TP�

(mg/L)�

NH3�N�

(mg/L)�

2006� Apr.� 6.3� 3.23� 0.014� 0.050�

� May� 7.0� 2.68� 0.016� 0.035�

� Jun.� 8.0� 7.38� 0.015� 0.033�

� Jul.� 6.9� 3.50� 0.064� 0.040�

� Aug.� 7.9� 2.35� 0.018� 0.038�

� Sep.� 7.9� 6.90� 0.012� 0.033�

� Oct.� 8.5� 2.60� 0.011� 0.042�

� Nov.� 8.4� 3.15� 0.014� 0.035�

� Dec.� 8.9� 2.10� 0.012� 0.024�

2007� Jan.� 8.7� 1.65� 0.012� 0.020�

� Feb.� 8.4� 2.55� 0.010� 0.025�

� Mar.� 8.4� 2.60� 0.011� 0.023�

Average� 7.9� 3.39� 0.017� 0.033�

        

�
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�
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3-5  

(Mid-section method)

nC na nl (3-1)
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nnnnnn qCauCl �����  (3-1) 

 

nl = (g/s)  

nC = (mg/L)  

nu = (m/s)  

na = (m2)  

nq = (m3/s)  

L nl (3-2)  

��
��

���
n

1n
nn

n

1n
n qClL  (3-2) 

 

L= (g/s)  

nl = (g/s)  

nC = (mg/L)  

nq = (m3/s)  

�

d4�

b1� b2� b3� bn�bn�2 bn�1bn�3b4

d2�d1� d3� dn�3� dn�2� dn�1� dn�

� � � � � 5m� � � 5m� � � 5m� � � 5m� � � � � � 5m� � � 5m� � � 5m� � � 5m�

bi (m)�
di (m)�
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3.2.2

pH

pH

(NIEA W102.51C)  

(SS) (TP)

(PP) (DP)

3-2  

�

�

3-2  

  
(mL) 

   

 500 
 
 4  7  

 100 
 1 + 1  

 
 pH < 2

4   

7 

 48 
 

 100 
 1 + 1  

  pH  1.5  
2.0  4 

48  

: ( http://www.niea.gov.tw/) 

�

�

3.3

(SS) (TP) (PP)

(DP)

0.45-�m
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0.45-�m

(Cp) (CT)

(Cd)

3-3  

 

 

3-3  

 
 

 
 

(SS) -103 105  
NIEA W210.56A 

( TP DP 
PP) 

- /  
NIEA W427.53B 

: ( http://www.niea.gov.tw/) 

 

3.3.1

20 mL 3

103 105 1

103 105

(3-3)  

� 	
V

1000DCSS 
�
�  (3-3) 

  

C = � 	g  

D = � 	g  

V = � 	L   
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3.3.2

(ammonium 

molybdate) (antimony potassium tartrate)

- (phosphomolybdic acid) (ascorbic acid)

(molybdenum blue) (spectrophotometer) 880nm

0.00 5.00 10.00 20.00 30.00 50.00 

mL (I)( C=0.5 mg/L) (II)( C=0.05 mg/L)

50.0 mL 880 nm

(absorbance) (�g)-

3-6  

0.45-�m

(3-4)  

dTp CCC �� (3-4) 

 

CT = (mg/L)  

Cp = (mg/L)  

Cd = (mg/L)  

�
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Water samples 

Passing through 
0.45 �m membrane 

Without passing through 
0.45 �m membrane 

filtrate

The samples were 
preserved under 4  and 
control the pH < 2 by 
condensed sulfuric acid 
to prevent the samples 
from reactions

Analysis the content of 
phosphorus by 
Spectrophotometer / 
ascorbic acid

Dissolved Phosphorus 
Cd 

The samples were 
preserved under 4  and 
control the pH < 2 by 
condensed sulfuric acid 
to prevent the samples 
from reactions 

Analysis the content of 
phosphorus by 
Spectrophotometer / 
ascorbic acid 

Total Phosphorus 
CT 

Dry the membrane by heat 
and weigh the samples 
keep by the membrane to 
obtain the weight of 
suspended solids 

Particulate Phosphorus 
Cp = CT – Cd 
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loading) (internal loading) (
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4-1 (Maidment et al.,1993) 

 

4-2  

 

4-2  

Dissolved
Phosphorus

Particulate
Phosphorus

adsorption

desorption

Inflow Outflow
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70-90%

10%

 

(N) (P)

7.2 N/P 7.2

(Chapra, 1997).  

(TN) (TP) 20,132  1,720 

kg/ha 12 (TN/TP 12>7.2)

 

 

4.2

(TP)

(orthophosphate)(

DRP(dissolved reactive phosphorus) (ployphosphates)
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) (complex dissolved organic P), 

0.45 

�m (inorganic PP)

(organic PP) (detritus)

(phytoplankton) 4-3

4-4

 

 

 

 
 

4-3 (Thomann et al.,1987) 
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4-4 (Chapra, 1997) 

 

(TP) (PP) (DP) (4-1) (3-4)

  

dpT CCC ��  (4-1) 

4.3

 

 

4.3

(TP) (PP)

- (solid-liquid)

�
�

Nonparticulate�
unavailable�organic�P

�
Particulate�
organic�P

( �
)�

Available�inorganic�P�
(SRP)�

�
Nonparticulate�Unavailable�

Inorganic�P�

�
Particulate�
inorganic�P�

UnavailableAvailable�

Particulate�Nonparticulate�

Organic�

Inorganic�
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(sorption isotherm) ( - - )

(Clark, 2009)

(1)Linear isotherm

(2)Freundlich isotherm (3)Langmuir isotherm  

 

1. Linear isotherm  

Travis Etnier 1981

(Reynolds, 

1992)

 

dd CKv ��  (4-2) 

 

� = m
X = (mg/mg) 

X = (mg/L)  

m= (mg/L)  

dC = (mg/L)  

dK = (L/mg)  

 

2. Langmuir isotherm  
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(Langmuir 1916)

 

���� mk)(mCk
dt
dm

dt
dC

2md1
p ����

 
(4-3) 

 

pC = (mg/L)  

dC = (mg/L)  

m= (mg/L)  

m� = (mg/mg)  

1k =  (L mg -1 t -1)  

2k = (t -1)  

dtdv/ � 	vvC md �

(residual adsorption)

.0/ �dtdv (4-3) (4-4)

 

dm

dm

CK
Cvv
�

�
 

(4-4) 

 

� = (mg/mg)  

X = (mg/L)  

m= (mg/L)  

dC = (mg/L)  

m� = (mg/mg)  

12m kkK � = (mg/L)  

Langmuir 1918 Sposito

(Reynolds, 1992)  

(1)  
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(2)  

(3)  

 

3. (Freundlich isotherm)  

Freundlich 1926 Sposito

(Reynolds, 1992)

kf n  

 



�
�

�
�
�

� n
df Ck

1

�  
(4-5)

 

� = (mg/mg)  

X = (mg/L)  

m= (mg/L)  

fk = (L/mg)  

n =  

dC = (mg/L)  

 

4.4

T dt

T(seconds)

TW (grams) TW T

(4-6)  
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� 	 � 	 � 	

� 	 � 	 � 	 � 	� ��

��
���

��

T

0 d

T

T

0

T

0T

dttCtmttQ     

 dt tC tQ dt tL W

�
 (4-6) 

 

L(t)= t (g/s)  

Q(t) = t (m3/s)  

� 	tCT = t (mg/L)  

� 	t� = t (mg/mg)  

m(t)= t (mg/L)  

� 	tCd = t (mg/L)  

t�

T (seconds) WT 

(grams) (4-6) (4-7)  

� 	 � 	� 	 tCm�Q�tCQW idii

N

0i
iiT

N

0i
iT ��

�

�
�
�

� �����
�

�
�
�

� �� ��
��

  
 

(4-7) 

 

N (= tT � )= ( )  

i= (i=0 N)  

iQ = i (m3/s)  

� 	iCT = i (mg/L)  

� 	i� = i (mg/mg)  

im = i (mg/L)  

� 	iCd = i (mg/L)  

(loading) (discharge)

(4-8)  
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b
ii QaL ��  (4-8) 

a b

( Hilton et al. 2002; Bowes et al. 2008)  

 

4.5

4.1 4.4

(

)

 

 

4.5.1 /

2006

2006 6 9

169 mg/L 6 9

25.6 mg/L 6.6

0.956 mg/L 6 9 0.129 

mg/L 7.41

15

4-5 4-6  

6 9 6 14 16



37�

�

6

9 16

1%  

4 6 8 16 20 36

16

1% 6 9

16

16

4-7  
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4-7 

 

 

 

4.5.2
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4-1  

Model�
Flood�in�June�9,�2006 Typhoon�Bilis�

5�hour� 14�hour 4�hour 16�hour

Linear
Isotherm�

dC0.0026� �� � dC0.0028� �� � dC0.0051� �� � dC0.0056� �� �

R2 0.6951� 0.7156 0.504 0.6014�

Langmuir�
Isotherm� d

d
C0.00942
C0.00212�
��
�

� �
d
d
C0.01082
C0.00217�
��
�

� �
d

d
C0.12911
C0.00245

�
��
�

� �
d

d
C0.10861
C0.00295

�
��
�

� �

R2� 0.543� 0.7108 0.8825 0.6501�

Freundlich�
Isotherm�

4.55581
1

dC0.00138�
�

�� � 3.31236
1

dC0.00114�
�

�� 48274.0
1�

�� dC0.00029� � 0.54259
1

dC0.00036�
�

��

R2� 0.0354� 0.1241 0.7266 0.3928�

�
 

6 9 4-8 4-9

6 9 5 14

5 14 6

9

4-10 4-11

4

16

Cd Km �

4-12

4-13  
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�
4-8 0609 5 14

 

�

�

�

�

�

�

�

�

Preserved for 5 hrs

SS (mg/L)

0 5 10 15 20 25 30

PP
 (m

g/
L)

0.00

0.02

0.04

0.06

0.08

0.10

PP=0.0026SS
R2=0.70

Model: Linear

Preserved for 14 hrs

SS (mg/L)

0 5 10 15 20 25 30

PP
 (m

g/
L)

0.00

0.02

0.04

0.06

0.08

0.10

PP=0.0028SS
R2=0.72

Model: Linear

DP (mg/L)

0.00 0.03 0.06 0.09

D
P/
�

0

10

20

30

40

DP/�=472.07DP-4.45
R2=0.54

Model: Langmuir

DP (mg/L)

0.00 0.03 0.06 0.09

D
P/
�

0

10

20

30

40

DP/�=460.84DP-4.99
R2=0.71

Model: Langmuir

ln(DP)

-5.0 -4.5 -4.0 -3.5 -3.0 -2.5 -2.0

ln
( �
	

-6.5

-6.0

-5.5

-5.0

ln(�)=-0.22ln(DP)-6.59
R2=0.04

Model: Freundlich

ln(DP)

-5.0 -4.5 -4.0 -3.5 -3.0 -2.5 -2.0

ln
( �

)

-6.5

-6.0

-5.5

-5.0

ln(�)=-0.30ln(DP)-6.78
R2=0.12

Model: Freundlich
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4-9 4 16

 

�

�

�

�

�

�

Preserved for 4 hrs

SS (mg/L)

0 50 100 150 200

PP
 (m

g/
L)

0.0

0.2

0.4

0.6

0.8

1.0

PP=0.0051SS
R2=0.50

Model: Linear

Preserved for 16 hrs

SS (mg/L)

0 50 100 150 200

PP
 (m

g/
L)

0.0

0.2

0.4

0.6

0.8

1.0

PP=0.0056SS
R2=0.60

Model: Linear

DP (mg/L)

0.00 0.05 0.10 0.15 0.20 0.25 0.30

D
P/
�

0

20

40

60

80

DP/�=408.44DP-52.73
R2=0.88

Model: Langmuir

DP (mg/L)

0.00 0.05 0.10 0.15 0.20 0.25 0.30

D
P/
�

0

20

40

60

80

DP/�=339.10DP-36.83
R2=0.65

Model: Langmuir

ln(DP)

-2.5 -2.0 -1.5 -1.0

ln
( �
	

-8

-6

-4

-2

0

ln(�)=-2.07ln(DP)-8.16
R2=0.73

Model: Freundlich

ln(DP)

-2.5 -2.0 -1.5 -1.0

ln
( �

)

-8

-6

-4

-2

0

ln(�)=-1.84ln(DP)-7.94
R2=0.39

Model: Freundlich
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4-10 0609  

�

�

�

�

Preserved for 5 hrs

0.00 0.02 0.04 0.06 0.08 0.10
0.00

0.02

0.04

0.06

0.08

0.10
Model: Linear

Preserved for 14 hrs

0.00 0.02 0.04 0.06 0.08 0.10
0.00

0.02

0.04

0.06

0.08

0.10

0.00 0.02 0.04 0.06 0.08 0.10

PP
si

m
 (m

g/
L)

0.00

0.02

0.04

0.06

0.08

0.10

Model: Linear

0.00 0.02 0.04 0.06 0.08 0.10
0.00

0.02

0.04

0.06

0.08

0.10
Model: Langmuir Model: Langmuir

PPobs (mg/L)

0.00 0.02 0.04 0.06 0.08 0.10
0.00

0.02

0.04

0.06

0.08

0.10

0.00 0.02 0.04 0.06 0.08 0.10
0.00

0.02

0.04

0.06

0.08

0.10
Model: Freundlich Model: Freundlich
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4-11 0609  

�

�

�

�

Preserved for 5 hrs

0.00 0.03 0.06 0.09 0.12 0.15 0.18
0.00

0.03

0.06

0.09

0.12

0.15

0.18
Model: Linear

Preserved for 14 hrs

0.00 0.03 0.06 0.09 0.12 0.15 0.18
0.00

0.03

0.06

0.09

0.12

0.15

0.18

0.00 0.03 0.06 0.09 0.12 0.15 0.18

TP
si

m
 (m

g/
L)

0.00

0.03

0.06

0.09

0.12

0.15

0.18

Model: Linear

0.00 0.03 0.06 0.09 0.12 0.15 0.18
0.00

0.03

0.06

0.09

0.12

0.15

0.18
Model: Langmuir Model: Langmuir

TPobs (mg/L)

0.00 0.03 0.06 0.09 0.12 0.15 0.18
0.00

0.03

0.06

0.09

0.12

0.15

0.18

0.00 0.03 0.06 0.09 0.12 0.15 0.18
0.00

0.03

0.06

0.09

0.12

0.15

0.18
Model: Freundlich Model: Freundlich
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4-12 

 

�

 

Preserved for 4 hrs

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0
Model: Linear

Preserved for 16 hrs

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

0.0 0.5 1.0 1.5 2.0

PP
si

m
 (m

g/
L)

0.0

0.5

1.0

1.5

2.0

Model: Linear

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0
Model: Langmuir Model: Langmuir

PPobs (mg/L)

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0
Model: Freundlich Model: Freundlich
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4-13  

� �

Preserved for 4 hrs

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0
Model: Linear

Preserved for 16 hrs

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

0.0 0.5 1.0 1.5 2.0

TP
si

m
 (m

g/
L)

0.0

0.5

1.0

1.5

2.0

Model: Linear

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0
Model: Langmuir Model: Langmuir

TPobs (mg/L)

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0
Model: Freundlich Model: Freundlich
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4-14 X-  Y-

6 9 5 14

�=0.026

�=0.028 4-14(a) (b) 4 16

4-14(c) (d)

(House et al. 1995; Pan et al. 2002)

 

�
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4-14  

�

4.5.3

2001 9 9

(Nari)

600 mm/day 2001 2011 347 mm/day

6 9 75 

mm/day 142 mm/day

 

6 9

6 9

6 9

3.9 13.9

6.1 35.9

6 9 40%

0.000 

0.001 

0.002 

0.003 

0.004 

0.005 

0.006 

0.007 

0.00 0.02 0.04 0.06 0.08 0.10 0.12

X/m

DP (mg/L)

Observed data
Langmuir
Freundlich
Linear

Flood of June 9, 2006
Preserved for 5 hrs

(a)

0.000 

0.005 

0.010 

0.015 

0.020 

0.025 

0.030 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 

X/m

DP (mg/L)

Observed data
Langmuir
Freundlich
Linear

Tyhpoon Bilis
Preserved for 4 hrs

(c)

0.000 

0.001 

0.002 

0.003 

0.004 

0.005 

0.006 

0.007 

0.00 0.02 0.04 0.06 0.08 0.10 0.12 

X/m

DP (mg/L)

Flood of June 9, 2006
Preserved for 14 hrs Observed data

Langmuir
Freundlich
Linear

(b)

0.000 

0.005 

0.010 

0.015 

0.020 

0.025 

0.030 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 

X/m

DP (mg/L)

Observed data
Langmuir
Freundlich
Linear

Tyhpoon Bilis
Preserved for 16 hrs

(d)
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61%

4-2

 

6 9 4-14

(specific adsorption)(y-axis) (DP)(x-axis)

4-14

 

4-2  

Pollutant�concentration�during�rainstorm 

Storm�events� Q(m3/s)� SS�(mg/L)� TP(mg/L)� DP(mg/L)� PP(mg/L)�

(1)Flood�in�June�9,2006� 49.12a� 12.82� � 0.085�
0.051�

(60%)�

0.034�

(40%)�

(2)Typhoon�Bilis� 96.17a� 45.31� � 0.494� �
0.193�

(39%)�

0.301�

(61%)�

(3)Normal�water�stages� 7.4� 3.271� � 0.014� � ��� ���

Ratio�Ib (1)/(3)� ��� 3.9� � 6.1� � ��� ���

Ratio�IIb (2)/(3)� ��� 13.9� � 35.9� � ��� ���

a:
b:

The�peak�flow�Q�of�the�two�storm�events.�
In�order�to�explain�conveniently,�the�ratio�is�taken�by�storm�event�over�the�situations�at�normal�water�
stages.�
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4.5.4

6 9 5 2

10

6 9

10.26 mg/L 14.78 mg/L 7.3

6

9 5

6 9

4-3 4-15  

4-14
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4-3  

 Crest segment 

Item PP(mg/L) DP(mg/L) SS(mg/L) �(mg/mg) 

Storm of 

June 9, 2006 
0.042 0.056 15.90 0.0027 

Typhoon 

Bilis 
0.437 0.231 84.57 0.0055 

 Recession limb 

Item PP(mg/L) DP(mg/L) SS(mg/L) �(mg/mg) 

Storm of 

June 9, 2006 
0.027 0.046 10.26 0.0027 

Typhoon 

Bilis 
0.196 0.163 14.78 0.0137 

�

�

�

�

�
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4-15 

 

 

4.5.5

(4-8) R2 0.84 0.96 0.16

(4-8)
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4-16  

 

 

    (a)    (b) 

 
   (c) 

 

4-16  

(a) (b) (c)

 

 

 

6 9 15 1

All data

ln (Q)
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Ln
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Observed datra
ln(L)=1.63ln(Q)-4.83
R2=0.84

Normal water stage

ln(Q)
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ln(Q)
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(L

)
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Observed data
ln(L)=1.38ln(Q)-3.68
R2=0.16
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(4-7) 6 9

4-4

6 9

�0.5% �0.32%

0.06 %

15

�7.03% 18.89% 24.92 

% (4-8) 4-16(a)

6 9 5.86%

-79.61% 6 9

T

0.077 3.397

T 4-5  
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4-4  

Comparison�of�Estimating�TP�Loading�by�Different�Methods�

Storm�Events�&�Estimating�Methods�

Flood�in�June�9,�2006� Typhoon�Bilis�

Loading�of�TP�

(kg)�

Rate�of�

Errora(%)�

Loading�of�TP�

(kg)�

Rate�of�

Errora(%)�

Estimated�by�Samplingb� 76.88� �� 1852.12� ��

Estimated�by�Linear�Interpolationc� 81.39� 5.86%� 377.65� �79.61%�

Estimated�by�Linear�Isotherm� 76.50� �0.50%� 1721.86� �7.03%�

Estimated�by�Langmuir�Isotherm� 76.63� �0.32%� 2201.93� 18.89%�

Estimated�by�Freundlich�Isotherm� 76.92� 0.06%� 2313.71� 24.92%�

 a: 
 b: 

 
  c:�

Based�on�field�data�
The�estimation�is�taken�from�the�loading�calculated�by�sampling�multiply�by�each�time�step,�also�for�the�TP�
estimated�by�all�kinds�of�isotherm.�
Estimation�is�taken�by�linear�interpolating� � from�the�relationship�between�discharge�Qi�[m

3/s]�and�nutrient�
loading�Li�[g/s].�

 

4-5 T  

�

TP�loading�at�the�Da�Lin�Bridge�

Storm�events�&�

percentage�
PP(ton)� DP(ton)� TP(ton)�

Loading� from� January�

to�Octoberb�(ton)�

Loading� from� January�

to�Decemberc�(ton)�

June�9�storm� 0.031� 0.046� 0.077�

10.49�

(94.6%)�

11.803(a)�

3.325(b)�

Percentagea� 0.3%� 0.4%� 0.7%�

Typhoon�Bilis� 2.152� 1.245� 3.397�

Percentagea� 18.2%� 10.6%� 28.8%�

a:�
b:�

�
c:�

The�percentage�is�taken�from�the�loading�of�each�event�to�the�loading�from�Jan.�to�Dec.�at�2006,�as�Fig.4�16(a).�
Loading�of�TP�through�Da�Lin�Bridge�Cross�Section�from�Jan.�to�Oct.�at�2006�(Taipei�Water�Management�Office,� �
WRA.�2006).�
Loading�of�TP�through�Daiyujay�Creek�calculate�by�linear�interpolating�from�the�relationship�between�discharge� �
Qi [m

3/s]�and�nutrient�loading�Li�[g/s]�,�as�Fig.16(a)�&�Fig.4�16(b)�

�
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4.5.6

2006 CE-QUAL-RIV1 2006 1 10

1 10 10.49 (

) 4-16(a) (

) 4-16(b) (4-8)

11.803 3.325 4-5

4-16(a)

28.8% 18.2%

10.6 %

29.5%

 

�

4.5.7

(4-9)

 

huv *067.0��  (4-9) 
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v� = (m2/s)  

*u = (m/s)  

h= (m) 

(4-10)  

hut *6.0��  (4-10) 

 

t� = (m2/s)  

*u = (m/s)  

h= (m)  

600
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5.1

Chiu et al. 2000

 

5.1.1

(total sediment load)

(suspend load) (bed load)

(wash load) (suspended bed material load)
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(bed material load)

5-1  

 
5-1  

 

(silt)

(clay)

 

 

Suspended 
Bed material 
load

Wash 
load 

Bed  
Material 
 load 

Total load = Bed load + Suspended load 
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(5-1)  

ss
s

s C
dy

dC �� ��  (5-1) 

 

y =  

sC = y  

s� =  

s� =  

(5-1)

s� m��  m� �

 ( Schmidt ��1 �

<1) m� (5-2)  

1

0

2
*

1

m dy
duu

dy
du

��




�

�
��
�

�
�



�

�
��
�

�
�

�
�

 
��

 
(5-2) 

 

� = y  

0� = y=0.  

dydu = x  

 =  

*u =  

(5-1) (5-2) (5-3)  

�
�
�

�

�
�
�

�



�

�
��
�

�
�� �

�

dy
dy
du

uC
C yss

0

1

0
2

*0

exp
�
�

�
�

 (5-3) 

0C y=0.  

(5-3)
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Rouse  

z

a

s

aD
a

y
yD

C
C




�

�
��
�

�
�

�
�  (5-4) 

 

aC = y=a y z (5-5)  

*

s

uk
vz

�
�

 
(5-5) 

(5-5) von Kármán Rouse Prandtl-von Kármán

 

ky
u

dy
du *�

 
(5-6) 

 



�

�
�
�

� ��
D
y10��

 
(5-7) 

(5-7) Prandtl-von Kármán

Rouse (secondary flow)

(5-6) Rouse

Prandtl-von Kármán

Rouse

Prandtl-von Kármán

(Coleman 1981)

Rouse

 

 

5.1.2

! (5-8)

! u  
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hD
y

hD
y 1exp!  (5-8) 

(5-8) h 0h " (5-8)

0

( y D h� � ) du dy � 0 h# 0 h � 0

! y D  

hDy �� ( h

0"h ) hDy ��

� 	 DyhD ##� (5-7)

Chiu et al. 1986

(5-9) 5-2  

� 	 � 	2
max2max10 !!$!!$$� �����  (5-9) 

(5-9) ! � 	hDy � 0$ 1$ 2$

(1) Dy � 0�� (2) hDy ��

0�� (3) 0�y 0�� �  

2

0
111 
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5-3 (Chiu et al., 2000) 

 

Chiu et al. 2000

 

�
�

�
�
�

�


�

�
�
�

������ M;
D
h;

D
yI)M(Gexpmm %

 
(5-11) 

 

m = y  

m  

(5-11) %  

u 8
vf

u 
uv s

2
*

s

�
�

��
��

%
 

(5-12) 

�&�'
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u  

*u sDg ��  

s  

f �=  
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5-4 M-�  

(5-11) 

�
�

�
�
� M

D
h

D
yI ,;  

dy)1e(1heM,
D
h;

D
yI

y  

 0 

1

0max

M

max

M

�
�

/0

/
1
2

/3

/
4
5

�
�

�
�
�

�
���


�
�

�
�
�

�
�

!
!

! !

 
(5-15) 

 
1

hD
y1

yd
dyh

�

�
�

�
�
�

�


�
�

�
�
�

�
���

!
!!

 

0�
� (5-10)  



�
�

�
�
�

�
��

�
�

hD
y1exp

hD
y!  ( ! )  

max! maxu !  

�

5.2
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5.2.1

( )

(Molecular 

diffusion)

(Turbulent diffusion)  

(Adolph Fick) 1855 (Fick’s 

Law)

(5-16)  

x
CDq
6
6
���  (5-16) 

 

q= [M/L2 T]  

D= [L2/T]  

C= [M/L3]  

x= [L] 

(5-17)  

CD
t
C 27��
6
6

 
(5-17) 

(Cartesian coordinates) (5-18)

(Fick’s second law)  




�

�
��
�

�
6
6

�
6
6

�
6
6

��
6
6

2

2

2

2

2

2

z
C

y
C

x
CD

t
C

 
(5-18) 

.0t �
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M !�x (5-19)  

� 	 )(0, 89 �� xMxC  (5-19) 

(1) x

.0C : (2)

(5-20)  

� 	�
(

(�
�MdxxC  (5-20) 

(5-21)  

� 	 � 	
�
�

�
�
�

� ��
�

Dt
x

Dt
MtxC

4
exp

4
,

28
;

 (5-21) 

(5-21) 0.1M � .0�8 Dt2�� (5-22)  

� 	 �
�

�
�
�

��
�

� 2

2

2
xexp

2
1xC

��;  
(5-22) 

(Gaussian function)

(Normal Distribution) �

5.0t

5-5

68.3% �< 95.4%

�2< 99.7% �3< 5-1  
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�

 

5-5  

     

 

 

 

5-1  

�
xt �  � 	�xf  

� 	
� 	.0f
xf �

 

Included percentage  

of total mass between 

��<� tx  

0.0 0.400 100.0% - 

1.0 0.244 61.0% 68.3% 

1.18 0.200 50.0% 76.2% 

2.0 0.054 13.5% 95.4% 

2.15 0.040 10.0% 96.8% 

3.0 0.004 1.1% 99.7% 

� 0 0.0% 100.0% 

�

�

� �

C(x) 

x 

222 tD2��

�

111 tD2��

333 tD2��

�

(1) if  D3=D2=D1 

then t3>t2>t1 

 

(2) if  t3=t2=t1 

then D3>D2>D1 

x=0. 
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5.2.2

x

x x�±�

)0,0,U(U �
�

t=0 M

(x,y,z)=(0,0,0) x y z

zyx DDD == x y z

(5-18) (5-23)  

2

2

2

2

2

2

z
CD

y
CD

x
CD

x
CU

t
C

zyx 6
6

�
6
6

�
6
6

�
6
6

�
6
6  (5-23) 

xD yD zD x y z (5-23)

(5-24)  

� 	
� 	 � 	

� 	
�
�
�

�

�
�
�

�





�

�
�
�
�

�
��

�
��

tD4
z

tD4
y

tD4
Utxexp

DDDt4
Mt,z,y,xC

z

2

y

2

x

2

21
zyx

23;
 (5-24) 

    DE ""

)0,0,U(U �
�

(5-25)  

� 	
� 	 � 	

� 	
�
�

�

�

�
�

�

�






�

�

�
�

�

�
��

�
��

tE4
z

tE4
y

tE4
tUxexp

EEEt4
Mt,z,y,xC

z

2

y

2

x

2

21
zyx

23;
 

(5-25) 

Tzyx EEEE ��� (5-26)  

� 	 � 	
� 	

�
�

�

�

�
�

�

�






�

�

�
�

�

� ���
��

tE4
zytUxexp

tE4
Mt,z,y,xC

T

222

23
T;

 
(5-26) 

 

( 2003)  

1.
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(Near Field)

 

2.

 

3.

 

600

x z y

H

t (5-26)

(5-27) 5-6  

� 	 � 	
� 	

�
�
�

�

�
�
�

�




�

�
�
�
�

� �
��

tE4
Hyexp

tE4
Mt,yC

T

2

21
T;

 (5-27) 

tE2 TT ����  

�

�

�
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�

�

�

�

�

�

�

�

�

�

�

�

�

5-6  

�

�

5.2.3

5.2.2

y

Robin, V. G. (Robin boundary condition)

( Neumann

) ( Dirichlet )

(5-28)  

� 	txfCk
n
Ck ,21 ��
6
6

 (5-28) 

M 
H 

D-H 

x 
y 

z 

Transportation

Elapsed time t

Flow�

Riverbed�

Water�Level y = D 

y = 0. 

River�Section

River�Section

C0 
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1k 2k =  

n
C
6
6

=  

C =  

� 	t,xf =  

M H

( y=0 dC/dy=0)

H

M’

M’=M

(Mirror effect)

5-7 (5-29)  

� 	 � 	
� 	 � 	

/0

/
1
2

/3

/
4
5

�
�
�

�

�
�
�

�




�

�
�
�
�

� �
��

�
�
�

�

�
�
�

�




�

�
�
�
�

� �
��

tE4
Hyexp

tE4
Hyexp

tE4
Mt,yC

T

2

T

2

23
T;

 (5-29) 

�

(Charpa, 1997)  

1.

 

2.

 

3.
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�

�
5-7  

�

�

(Meyer, 1979; Reddy et al., 1996)

 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

C(y) 

y = 0. Boundary�

M 

M’�

H 

H 
x 

y 
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1. 2 m/s 6 m/s

 

2.

 

3.

M t  

5-6

M H (

y=0.) M’ -H

M” 2D-H

M’ M” M

M=M’=M” M M’ M” ET

t
� 	 � 	 � 	 21

T
21

T
21

T tE4

M

tE4

M

tE4

MC
;;;

��
�

�
���

tE2 TT ����

(5-30)  

� 	 � 	 � 	 � 	
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� �
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�
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�
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�
�
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�

�

�
�

�

� �
����

2

2

2

2

2

2 2expexpexp
TTT

HDyHyHyCyC
���

 (5-30) 

0C (5-30) (5-31)  

� 	 � 	 � 	 � 	
/0

/
1
2

/3

/
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�
�

�

�
�
�

�






�

�

�
�

�

� ��
��

�
�
�

�

�
�
�
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�

�

�
�

�

� �
��

�
�
�

�

�
�
�

�






�

�

�
�

�

� �
�����

2

2

2

2

2

2

0
2expexpexp

TTT

HDyHyHyCCyC
���

 (5-31) 

0CkC ��� k

(5-31) (5-32)

5-8  
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� 	 � 	 � 	 � 	
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�

�

�
�

�

� �
����

2

2

2

2

2

2

0
2expexpexp1

TTT

HDyHyHykCyC
���

 (5-32) 

(5-32) (5-33)  

D
T�� ��

D
yy ��

D
HH ��  (5-33) 

(5-32) (5-34)  

� 	 � 	 � 	
/0

/
1
2

/3

/
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�
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�
�
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�





�

�
�
�
�

�

�

����
��

�
�
�

�

�
�
�

�





�

�
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�

�
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���
��

�
�
�

�
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�
�

�





�

�
�
�
�

�

�

���
����

2

2

2

2

2

2

0

H2yexpHyexpHyexpk1
C
C

���
 (5-34) 

�
�

5-8  

�

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

River�Section�

River�Section�

Flow

Water�Level� y = D 

Riverbed�x 
y 

z y = 0. 
H 

H 

D-H 

D-H 

M”�

M 

M’�

Transportation�

Elapsed�time� t �

C(y)�C0 
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Hy �� Dy � H2)HD(Dy ����

H2)HD(Dy ���� .0y �

)HD(2H3y ����

)HD(Dy ��� 5-9

(5-35) 3

(Logan, 1999)  

�

�

�
 

5-9 

 

�

� 	 � 	
/0

/
1
2

/3

/
4
5

/0

/
1
2

/3

/
4
5

��
�
�
�

�

�
�
�

� �
���� BAHyexpk1CyC 2

T

2

0
�  

(5-35) 

 

� �> ?�
(

�(� �
�
�

�

�
�
�

� ����
��

n
2

T

2)HD(n2H)1n2(yexpA
�

 (5-35a) 

D-H D-H 

y=-H-2(D-H) y=0 y=D+(D-H)+2H y=D 

H D-H D-H H H H 

C 

Water�Surface
Boundary�

Riverbed
Boundary�

Image�
Source�

Image
Source

H H 

Image�
Source�

Real
Source�

Image
Source�

Image�
Source�

C(y) 

y 

y=D+(D-H) y=-H y=-3H-2(D-H) y=H 
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� 	 � 	� � � 	� �> ?

�
�
�
�
�
�
�

�

�

�
�
�
�
�
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�






�

�

�
�

�

�

�
�
�

�

�
�
�

�





�

�
�
�
�

�
���������

��

�
� �

��

(

�
2

T

2
n

0m

1mm1n

0n

)HD(11H11H1y

expB
�

 (5-35b) 

(5-35) (5-36)  

� 	
/0

/
1
2

/3

/
4
5

����
�
�
�

�

�
�
�

�

�
���

���� BAHyexpk1
C
C

2

2

0 �  
(5-36) 

 

� �� 	
�
�
�

�

�
�
�

�

�
�������

��� �
(

�(�
2

2

n

)H1(n2H)1n2(yexpA
�

 (5-36a) 

� 	 � 	� � � 	� �> ?

�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�

�

�

�
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�
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�

�
�
�
�

�
�������������

���
�

� �

��

(

�
2

2
n

0m

1mm1n

0n

)H1(11H11H1y

expB
�

 (5-36b) 

 

5.3

 

 

5.3.1

4.3

(4-4) (5-35)

� y )y(� (5-37)  

)(
)()(
yCK

yCy
dm

dm

�
�

�
��  (5-37) 

(5-37) (5-11)

y (5-38)  
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� 	 � 	 � 	yymyCp ���  (5-38) 

 

)(yCp y  

)(ym y  

)(y� (mg/mg) y  

 

5.4

 

(flux)  

A
WF �

 
(5-39) 

 

F= (g/m2)  

W = (g)  

A= (m2) 

(loading) (5-40)

 

Ta CQL ��  (5-40) 

 

aL = (g/s)  

Q = (m3/s)  

TC = (g/m3) 

(5-40) (5-41)  

nutrientt CuFL ��� �  (5-41) 
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L= (g/m2 sec)  

tF� = (g/m2 sec)  

u= (m/sec)  

nutrientC = (g/m3) 

u(y) � 	yCnutrient

 

� 	 � 	dyyCyu
D

L nutrient

D
��� �0

1
 (5-42) 

 

L = (g/m2 sec)  

D = (m)  

� 	yCnutrient = y (g/m3)  

5.2 y � 	yCd

5.3 y � 	yCp

y

(5-43)  

)()()( yCyCyC pdT ��  (5-43) 

 

� 	yCT = y  

� 	yCd = y  

� 	yCp = y  

y (5-42)

(5-44) (5-45) (5-46)

 

� 	 � 	dyyCyu
D

L d

D

d ��� �0

1
 (5-44) 
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� 	 � 	dyyCyu
D

L p

D

p ��� �0

1
 (5-45) 

� 	 � 	dyyCyu
D

L T

D

T ��� �0

1
 (5-46) 

 

dL = (g/m2 sec)  

pL = (g/m2 sec)  

TL = (g/m2 sec) 

A TL  

ALdALL TTAT ��� �  (5-47) 

 

TL = (g/sec)  

A = (m2) 

(5-47)  

pdT LLL ��  (5-48) 

T

dt T(seconds)

WT (grams) WT T

(5-49)  

� 	 � 	 � 	� �
� 	 � 	 � 	� �
� 	 � 	 � 	 � 	� ��

�

��

���

��

���

T

0 d

pd

T

0

T

0 pd

T

0 TT

dttCtmttQ

dt tLtL tQ      

 dt tLtL dttL W

�

 (5-49) 

t�

T(seconds)

WT (grams) (5-50)  
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� 	 � 	� 	 t Cm�Q�t CQW idii

N

0i
iiT

N

0i
iT �

�
�
�

�

�
�
�

�
����

�
�
�

�

�
�
�

�
�� ��

��  
(5-50) 

 

N (= tT � )= [ ]  

i= (i=0 N)  

iQ = i (m3/s)  

(i)TC = i (mg/L)  

im = i (mg/L)  

(i)dC = i (mg/L)  

�

5.5

2006

7 (SAOMAI)

(SHANSHAN) 5.1 5.3

 

 

5.5.1

2006

 

 

( ) (SAOMAI) 

 

2006 8 5

8 7

8 10 2006 9

9 2 30 2006 8 9 11 30

2006 8 10 23 30
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5 5 10 15

20 25 30  

 

( ) (SHANSHAN) 

 

2006 9 10 9

12 9 15

9 16

2006 9 14 14 30

2006 9 16 14 30

5

10 15 20 25 30 35

40 45  

1 5

3.2 pH 4

24

(SS) (DP) (PP) (PP)  

15 20 25 30
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15 20 25 30 35 40

 

 

5.5.2

2006

15 20 25 30 5-10

25m

5-30 mg/L 20m 30m

 

 

 

�
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5-10  

 

 

2006 15 20 25 30 35

40 5-11

15 25m

 

  

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

0 10 20 30 40

y(m)

15m

Observed SS
Simulated SS

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

0 20 40 60 80 100 120

20m

Observed SS
Simulated SS

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

0 5 10 15 20 25 30

y(m)

SS(mg/L

25m

Observed SS

Simulated SS

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

0 10 20 30 40 50 60
SS(mg/L

30m

Observed SS
Simulated SS
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5-11  

� �

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
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1.4 
1.6 

0 10 20 30 40 50
SS(mg/L

40m

Observed SS
Simulated SS
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0.2 
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0.8 
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1.4 

0 10 20 30 40 50

y(m)

SS(mg/L

35m

Observed SS
Simulated SS
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1.4 
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30m
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Simulated SS
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25m
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20m

Observed SS
Simulated SS

0.0 

0.2 

0.4 

0.6 

0.8 
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0 2 4 6 8 10

y(m

15m
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5.5.3

1998 1999

2000

5

2006 5-12

15 20 25 30

4  

 

 
 

5-12  
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5-2

k 25m

k 25m

DT�

D/H 25m

 

 

5-2  
Distance 

(m)   

Parameter 
15 20 25 30 

k 0.43 0.23 1.48 0.5 
T� 0.14 0.22 0.22 0.21 
DT�  0.14 0.22 0.18 0.15 
D/H  0.86 0.00 0.37 0.79 

 

 

2006 5-13

15 20 25 30 35 40

6

5-3 k

15m

k

DT�

D/H D/H 0.35  
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5-13  

�

 

5-3  
Distance 

(m)   

Parameter 

15 20 25 30 35 40 

k  1.02 0.6 0.91 0.89 0.067 0.3 
T�  0.66 0.56 0.16 0.10 0.25 0.24 
DT�  0.55 0.40 0.12 0.07 0.21 0.15 
D/H  0.44 0.27 0.34 0.64 0.33 0.23 

�
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(5-36) k

k

� � =0.3

k

5-14  

k

k=0.5

� �

5-15

� � >0.5

 

k � �

1.0
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5-14 � � =0.3 k

 

 

DHH �� k

D�� �� � � =0.1 0.2 … 1.0

� �

H �=0.0 0.5

5-16 H �=0.5 1.0 5-17 5-16 5-17

� � H � � � 0.8

Dy =0.5 @�� 1.0

H � H �=0.0 0.5 H �=0.5 1.0
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H �

k � � quad

5-18 x � �

k quad

5-4 H �=0.5 5-5

(5-36)

(5-51)

5-19      

� 	 ydBAHyexpyd
k

1
C
C

dqua
1

0 2

21

0
0 �

/0

/
1
2

/3

/
4
5

����
�
�
�

�

�
�
�

�

�
���

���
�

�� �� �
 (5-51) 

 

� �� 	
�
�
�

�

�
�
�

�

�
�������

��� �
(

�(�
2

2

n

)H1(n2H)1n2(yexpA
�

 (5-51a) 

� 	 � 	� � � 	� �> ?

�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�

�

�

�






�

�

�
�

�

�

�
�
�

�

�
�
�

�





�

�
�
�
�

�
�������������

���
�

� �

��

(

�
2

2
n

0m

1mm1n

0n

)H1(11H11H1y

expB
�

 (5-51b) 

w D u

� �

(5-52)  
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5-18 k  

 

5-4 k  

�

k 

0.1 quad = 0.1765� � + 1.0003 

0.2 quad = 0.3531� � + 1.0007 

0.3 quad = 0.5297� � + 1.0009 

0.4 quad = 0.7062� � + 1.0013 

0.5 quad = 0.8827� � + 1.0016 

0.6 quad = 1.0593� � + 1.0019 

0.7 quad = 1.2358� � + 1.0023 

0.8 quad = 1.4123� � + 1.0026 

0.9 quad = 1.5889� � + 1.003 

1.0 quad = 1.7654� � + 1.0033 

1.1 quad = 1.942� � + 1.0036 

1.2 quad = 2.1185� � + 1.004 

1.3 quad = 2.295� � + 1.0043 

1.4 quad = 2.4716� � + 1.0046 

1.5 quad = 2.6481� � + 1.0049 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

0.0 0.5 1.0 1.5 

qu
ad

�'

k=0.1
k=0.3
k=0.5
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k=0.9
k=1.1
k=1.3
k=1.5
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( )

mK m�

m�

Reddy et al. 1998

(Phosphorus Sorption Capacities) (24

) ( 100 mg P/L KH2PO4 ) 0.01M (KCl)

Dry 

Lake Stream Smax 78 610 

mg P/kg SS Rucks site Smax 8 173 mg P/kg Dry Lake 

Stream Smax -45 144 mg P/kg Rucks site Smax

3 144 mg P/kg SS Ige et al. 2005 Manitoba

150 P mg/L 400 P mg/L 150 mg P/L

Smax 88 891 mg P/ kg 400 mg P/L

Smax 100 1250 mg P/kg Idris and 

Ahmed 2012

Smax 917 mg P/kg

� 79 3065 mg P/kg SS

� 67 13329 mg P/kg SS



99�

�

d50 20 70�m

(clay) (silt) 5-6

(loam)

(clay) (silt) (sand)

Moazed et al. 2010

 

 

5-6 (USDA)  

Name of soil separate 
Diameter limits (mm) 

(USDA classification) 

Diameter limits (�m) 

(USDA classification) 

Clay <  0.002 <  2  

Silt 0.002–0.05 2–50 

Very fine sand 0.05–0.10 50–100 

Fine sand 0.10–0.25 100–250 

Medium sand 0.25–0.50 250–500 

Coarse sand 0.50–1.00 500–1000 

Very coarse sand 1.00–2.00 1000–2000 

 

Edzwald et al. 1976

(Fe) (Ca)

(extractable iron)

> >

2.51 mg P/g 0.746 mg P/g  0.091 mg P/g

2000

pH pH

OH H +

pH pH OH H +
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pH OH

OH - H + (amphoteric colloid)

Edzwald et al.

OH - (PO4
3-)

pH 6.83 7.13 pH

6.96 7.23 840 mg P/kg SS

2,741 mg P/kg SS  

 

0.05mg/L

 

2006 15 20

25 30 5-20 5.3.2

15m

3
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5-20  

�

�

 

2006

15 20 25 30 35 40 5-21

15m 20m

4
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5-21  

�

4.5.2

 (5-53)  

� � � � � � BXAYKC1C

m

m
d

m

d ���A�����

�
��

�
���  

(5-53) 

 

� � ��
�

��
�A
�

dCY =  

� � � �dCX A =  
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m

1A
�

A = ( Langmuir isotherm )  

m

mKB
�

A =  

mK m�

mK (4-4)

mK md KC : md KC B �

mK m�

pC  

mK 0C

�

0C mK R2=0.8942 5-22

mK

mK

mK m� R2=0.6119

5-22 0C mK mK m�

 

�  
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5-22 0C mK  

 

 

�
5-23 mK m�  

�

�

�

y = 0.8223x + 0.0023
R² = 0.8942

0.00 

0.01 
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0.03 

0.04 

0.05 

0.00 0.01 0.02 0.03 0.04 0.05 

Km

C0

0.03 

0.01 

Typhoon Saomai

Typhoon Shanshan

y = 0.0012e-115x

R² = 0.6119

0.0000 

0.0002 

0.0004 

0.0006 

0.0008 

0.0010 

0 0.01 0.02 0.03 0.04 0.05

�m

Km

0.03

0.01

Typhoon Saomai

Typhoon Shanshan
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5.5.5

2006 15 20 25

30 5-24

(5-43)

30m 3
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5.5.6

y

D 5-7 5-8

(3-1) (3-2)

5-9 5-10

0.855

1.097 g/s

T  

 

5-7  

 
 

(m) 

nu   

(m/s) 

na

(m2) 

m

(mg/L)
dC  

(mg/L)

pC  

(mg/L) 

TC  

(mg/L) 

(a) 5 1.46 4.0 10.50 0.029 0.004 0.033 

(b) 10 0.36 4.0 10.00 0.032 0.011 0.043 

(c) 15 0.24 5.0 17.08 0.035 0.014 0.049 

(d) 20 0.37 6.0 23.74 0.025 0.022 0.047 

(e) 25 0.43 6.0 14.14 0.028 0.014 0.042 

(f) 30 1.02 7.0 20.54 0.035 0.011 0.046 

Average Concentration (mg/L) 16.00 0.031 0.013 0.043 

�

� �
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5-8  

 
 

(m) 

nu   

(m/s) 

na

(m2) 

m

(mg/L)
dC  

(mg/L)

pC  

(mg/L) 

TC  

(mg/L) 

(a) 10 0.26 1.3 21.00 0.061 0.002 0.063 

(b) 15 1.14 6.4 3.53 0.016 0.009 0.025 

(c) 20 0.54 7.0 19.10 0.022 0.023 0.045 

(d) 25 0.83 7.0 11.50 0.025 0.014 0.039 

(e) 30 1.07 7.0 4.53 0.019 0.013 0.032 

(f) 35 0.23 6.0 7.25 0.016 0.009 0.025 

(g) 40 0.87 8.4 10.67 0.015 0.007 0.022 

(h) 45 0.57 4.5 19.50 0.018 0.006 0.024 

Average Concentration (mg/L) 12.14 0.024 0.010 0.034 

�

�

5-9  

 
 

(m) 

nq  

(m3/s)
sL  

(g/s) 

dL  

(g/s) 

pL

(g/s) 

TL  

(g/s) 

(a) 5 5.84 61.32 0.169 0.023 0.193 

(b) 10 1.44 14.40 0.046 0.016 0.062 

(c) 15 1.20 20.50 0.042 0.017 0.059 

(d) 20 2.22 52.70 0.056 0.049 0.104 

(e) 25 2.58 36.48 0.072 0.036 0.108 

(f) 30 7.14 146.66 0.250 0.079 0.328 

Loading (g/s) 332.06 0.635 0.220 0.855 

�

�

� �



109�

�

�

5-10  

 
 

(m) 

nq  

(m3/s)
sL  

(g/s) 

dL  

(g/s) 

pL

(g/s) 

TL  

(g/s) 

(a) 10 0.34 7.10 0.021 0.001 0.021 

(b) 15 7.30 25.75 0.117 0.066 0.182 

(c) 20 3.78 72.20 0.083 0.087 0.170 

(d) 25 5.81 66.82 0.145 0.081 0.227 

(e) 30 7.49 33.93 0.142 0.097 0.240 

(f) 35 1.38 10.01 0.022 0.012 0.035 

(g) 40 7.31 77.98 0.110 0.051 0.161 

(h) 45 2.57 50.02 0.046 0.015 0.062 

Loadings (g/s) 343.79 0.686 0.411 1.097 

�

�

5.5.6

2006 4 2006 6 9

4

4 3

61% 3

30 40% 5-11
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�

5-11  

 
Analysis 
Method 

 

Storm Event SS (mg/L) TP (mg/L) DP (mg/L) PP (mg/L)

Process 
Analysis 

June 9 storm 12.82 0.085 0.051 
(60%)a 

0.034 
(40%) 

Bilis Tyhpoon 45.31 0.494 0.193 
(39%) 

0.301 
(61%) 

River Section 
Analysis 

Saomai Typhoon 16.00 0.044 0.031 
(70%) 

0.013 
(30%) 

Shanshan Typhoon 12.14 0.034 0.024 
(70%) 

0.010 
(30%) 

a: In side the parenthesis means the percentage of the DP or PP from TP 

 

5-12  

 
Analysis 
Method 

 

 

Storm Event 

 

Specific adsorption (�=X/m)  unit:mg/kg

min. Max. Average 

Process 
Analysis 

June 9 storm 1,833 3,504 2,694

Bilis Tyhpoon 4,150 17,730 10,137

River Section 
Analysis 

Saomai Typhoon 79 3,065 840

Shanshan Typhoon 67 13,329 2,741
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( )

(Al3+) (Fe3+)

(TOC) (Reddy et al.,1998; Liu et al., 

2002) pH

mK m�

 

5-16 5-17 5-26

� � 0.5 1.0

0.4D

0.6D 80% � � 0.8 1.0

0.5D 100%

0.4 0.6D
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2008

23% 207%

2010

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 

y'

�'

H/D=0.0

H/D=0.1

H/D=0.2

H/D=0.3

H/D=0.4

H/D=0.5

H/D=0.5'

H/D=0.6

H/D=0.7

H/D=0.8

H/D=0.9

H/D=1.0



113�

�

( )

2008

(HSPF

) (CE-QUAL-W2 )

BMPs

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



114�

�

 

 

 

  



115�

�

6.1

�

1.

24

16

 

2.

 

3.



116�

�

 

4.

 

5.

� � 0.5 1.0 0.4

0.6D

� �

 

6.

 

� �



117�

�

6.2

�

1.

 

2.

 

3. mK m�

 

4.



118�

�

 

5.

?

 

�

�

�

� �



119�

�

Abrams, M. M., and Jarrell, W. M. (1995). Soil phosphorus as a potential nonpoint 

source for elevated stream phosphorus levels. J. Environ. Qual.; 24:132–138. 

Beauchemin, S., Simard, R. R., and Cluis, D. (1996). Phosphorus sorption-desorption 

kinetics of soil under contrasting land uses. J. Environ. Qual., 25(6), 1317-1325. 

Bowes, M. J., House, W. A., Hodgkinson, R. A., and Leach, D. V. (2005). 

Phosphorus–discharge hysteresis during storm events along a river catchment: the 

River Swale, UK. Water Res., 39(5), 751-762. 

Bowes, M. J., Smith, J. T., Jarvie, H. P., and Neal, C. (2008). Modelling of phosphorus 

inputs to rivers from diffuse and point sources. Sci. Total Environ., 395(2-3),  

125-138. 

Chapra ,S. C. (1997). Surface Water - Quality Modeling. McGraw-Hill, New York, 844 

pp. 

Chen, Y. C., Liu, J. H., Kuo, J. T. and Lin, C. F. (2013). Estimation of phosphorus flux 

in rivers during flooding. Environmental Monitoring and Assessment, 185, 

5653-5672. 

Clark, M. M. (2009). Transport Modeling for Environmental Engineers and Scientists, 

John Wiley & Sons, Inc., Hoboken, New Jersey, 630 pp. 

Correll, D. L. (1998). The role of phosphorus in the eutrophication of receiving waters: 

a review. J. Environ. Qual., 27(2), 261-266. 

Di Toro, D. M., O’Connor, D. J., Thomann, R. V., and John, J. P. St. (1982). Simplified 

Model of the Fate of Partitioning Chemicals in Lakes and Streams, In Modeling the 

Fate of Chemicals in the Aquatic Environment, 165-190, Dickson, K. L., Maki, A. 

W. and Jr, J. C. (eds.), Ann Arbor Science, Ann Arbor, Michigan, 413 pp. 

Dong, A., Simsiman, G. V., and Chesters, G. (1983). Particle-size distribution and 

phosphorus levels in soil, sediment, and urban dust and dirt samples from the 

Menomonee River Watershed, Wisconsin, USA. Wat. Res., 17, 569-577. 



120�

�

Edzwald, J. K., Toensing, D. C., and Leung, M. C.-Y. (1976). Phosphate Adsorption 

Reactions with Clay Minerals. Environ. Sci. Technol., 10(5),485-490. 

Fischer, H. B., List, E. J., and Koh, R. C. Y., Imberger, J., and Brooks, N. H. (1979). 

Mixing in Inland and Coastal Waters. Academic Press, New York, 483 pp. 

Fulweiler, R. W., and Nixon, S. W. (2005). Export of nitrogen, phosphorus, and 

suspended solids from a southern New England watershed to Little Narragansett 

Bay. Biogeochemistry, 76, 567-593. 

Furumai, H., and Ohgaki. S. (1989). Adsorption-desorption of phosphorus by lake 

sediments under anaerobic conditions. Water Res., 23(6), 677-683. 

Gainswin, B. E., House, W. A., Leadbeater, B. S. C., and Armitage, P. D. (2006). 

Kinetics of phosphorus release from a natural mixed grain-size sediment with 

associated algal biofilms. Sci. Total Environ., 360(1-3), 127– 141. 

Gale, P. M., Reddy, K. R., and Graetz, D. A. (1994). Phosphorus retention by wetland 

soils used for wastewater disposal. J. Environ. Qual., 23(2), 370-377. 

Gikas, G. D., Yiannakopoulou, T., and Tsihrintzis, V. A. (2006). Modeling of non-point 

source pollution in a Mediterranean drainage basin, Environmental Modeling and 

Assessment, 11, 219-233. 

Green, D. B., Logan, T. J., and Smeck, N. E. (1978). Phosphate adsorption-desorption 

charactcristics of suspended sediments in the Maumee River Basin of Ohio, J. 

Environ. Qual., 7(2), 208- 212. 

Harter, C. D. (1968). Adsorption of phosphorus by lake sediment. Soil Sci. Soc. Am. 

Proc., 32(4), 514-518. 

Hatch, L. K., Reuter, J. E., and Goldman, C. R. (1999). Daily phosphorus variation in a 

mountain stream. Water Resour. Res., 35(12), 3783-3791. 

Healy, F. P., and Hendzel, L. L. (1980). Physiological indicators of nutrient deficiency in 

lake phytoplankton, Can. J. Fish. Aquat. Sci., 37, 442-453. 

Hilton, J. Buckland, P., and Irons, G. P. (2002). An assessment of a simple method for 

estimating the relative contributions of point and diffuse source phosphorus to 



121�

�

in-river phosphorus loads. Hydrobiologia, 472(1-3), 77–83. 

House, W. A., Denison, F. H., Smith, J. T., and Armitage, P. D. (1995). An investigation 

of the effects of water velocity on inorganic phosphorus influx to a sediment.  

Environ. Pollut., 89(3), 263-271. 

Idris, O. A. A. and Ahmed, H. S. (2012). Phosphorus sorption capacity as 

a guide for phosphorus availability of selected Sudanese soil series, Afr. Crop Sci. 

J., 20, Suppl. s1, 59-65. 

Ige, D. V., Akinremi, O. O., Flaten, D. N., Ajiboye, B., and Kashem, M. A. (2005). 

Phosphorus sorption capacity of alkaline Manitoba soils and its relationship to soil 

properties, Can. J. Soil. Sci., 85(3), 417-426. 

Karickhoff, S. W., and Brown, D. S. (1978). Paraquat Sorption as a Function of Partical 

Size in Natural Sediments. J. Enviro. Qual., 7(2), 246-252.  

Kronvang, B. (1992). The export of particulate matter, particulate phosphorus and 

dissolved phosphorus and dissolved phosphorus from two agriculture river basins: 

implications on estimating the non-point phosphorus load. Water Res., 26(10), 

1347-1358. 

Ku, W. C., DiGiano, F. A., and Feng, T. H. (1978). Factors affecting phosphate 

adsorption equilibria in lake sediments. Water Res., 12(12), 1069-1074. 

Langmuir, I. (1916). The constitution and fundamental properties of solids and liquids. 

Part I. Solids. J. Am. Chem. Soc., 38(11), 2221-2295. 

Lesack, L. F. W., Hecky, R. E., and Melack, J. M. (1984). Transport of carbon, nitrogen, 

phosphorus, and major solutes in the Gambia River, West Africa. Limnol. 

Oceanogr., 29(4),816-830. 

Liu, M., Hou, L., Xu, S., Ou, D., Yang, Y., Zhang, B., and Liu, Q. (2002). Adsorption of 

phosphate on tidal flat surface sediments from the Yangtze Estuary. Environmental 

Geology, 42,657–665. 

Logan, B. E. (1999). Environmental Transport Processes. John Wiley & Sons, Inc., 654 

pp. 



122�

�

Maidment, D. R., editor in chief. (1993). Handbook of Hydrology, McGraw-Hill, Inc. 

Meyer, J. L. (1979). The role of sediments and bryophytes in phosphorus dynamics in a 

headwater stream ecosystem. Limnol. Oceanogr., 24(2), 365-375. 

Miller, M. H., Robinson, J. B., Coote, D. R., Spires, A. C., and Draper, D. W. (1982). 

Agriculture and water quality in the Canadian Great Lake Basin: III. Phosphorus. J. 

Environ. Qual., 11(3), 487-493. 

Moazed, H., Hoseini, Y., Naseri, A. A., and Abbasi, F. (2010). Determining Phosphorus 

Adsorption Isotherm in Soil and its Relation to Soil Characteristics. Int. J. Soil Sci., 

5(3), 131-139. 

Morrissey, F. A., and Grismer, M. K. (1999). Kinetics of Volatile Organic Compound 

Sorption/ Desorption on Clay Minerals. J. of Contaminant Hydrology, 36, 291-312. 

Nash, D. M., and Halliwell, D. J. (2000). Tracing phosphorus transferred from grazing 

land to water. Water Res., 34(7), 1975-1985. 

Pan, G., Krom, M. D., and Herut, B. (2002). Adsorption - desorption of phosphate on 

airborne dust and riverborne particulates in East Mediterranean Seawater. Environ. 

Sci. Technol., 36(16), 3519-3524. 

Pionke, H. B., Gburek, A. N., Sharpley, A. N., and Schnabel, R. R. (1996). Flow and 

nutrient export patterns for an agricultural hill-land watershed. Water Resour. Res., 

32(6), 1795-1804. 

Reddy, K. R., Flaig, E., Scinto, L. J., Diaz, O., and DeBusk, T. A. (1996). Phosphorus 

assimilation in a stream system of the Lake Okeechobee basin. Water Resour. Bull., 

32(5), 901-915. 

Reddy, K. R., Conner, G. A. O., and Gale P. M. (1998). Phosphorus Sorption Capacities 

of Wetland Soils and Stream Sediments Impacted by Dairy Effluent, J. Enviro. 

Qual., 27(2), 438-447. 

Redfield, A. C., Ketchum, B. H., and Richards, F. A. (1963). The influence of organisms 

on the composition of seawater. In: Hill,M.N. (Ed.). The Sea, Vol. 2. Interscience, 

New York, 26-77. 



123�

�

Savenko, V. S. (1999). Phosphorus discharge with suspended load. Wat. Res., 26(1), 

41-47. 

Sharpley, A. N., and Syers, J. K. (1979). Phosphorus inputs into a stream draining an 

agricultural watershed, , amounts contributed and relative significance of runoff 

types. Water Air Soil Pollut., 11(4), 417-428. 

Thomann, R. V., and Mueller, J. A., (1987). Principles of Surface Water Quality 

Modeling and Control. Harper & Row, New York, 644 pp. 

Unsitalo, R., Yli-Halla, M., and Turtola, E. (2000). Suspended solid as a source of 

potentially bioavailable phosphorus in surface runoff waters from clay soils. Water 

Res., 34(9), 2477-2482. 

Williams, J. D. H., Syers, J. K., Harris, R. F., and Armstrong, D. E. (1970). Adsorption 

and desorption of inorganic phosphorus by lake sediments in a 0.1M NaCl system. 

Environ. Sci. Technol., 4(6), 517-519. 

Wang H., Appan, A., and Gulliver, J. S. (2003), Modeling of phosphorus dynamics in 

aquatic sediments: I—model development, Water Research; 37: 3928-3938 

Warwick, J. J., Cockrum, D., and Horvath, M. (1997). Estimating Non-point Source 

Loads and Associated Water Quality Impacts. J. Water Resour. Plann. Manage., 

ASCE, 123(5), 302-310. 

(BMPs)

2004  

2003 5  

1996  

1992

7  



124�

�

2008 12  

2010 12  

2006  

2000 2  

1997

 

( ) ( )

(1998-2000)  

- (1/2)

2006 12  

2006

12  

1998  



125�

�

2004  

2005  

2009 12  

2006 7  

2000  

1999  

 

 

 

 

 

 

 

 

 

 

 


