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Cw mg/L
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Cuwj (compartment j) mg/L
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phosphate concentration, EPC)

0.30-1.50 cm?/sec(
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EPC

0.72 cm?/sec)
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Recently, the concentrations of total phosphorus (TP) in the Feitsui Reservoir have
increased at a rate sufficient to cause public concern. In addition to the external load of
phosphorus (P) from the watershed, P releases from the sediment of the reservoir was also
considered an important internal source of load to the water body. The knowledge of the
mechanisms and factors influencing sediment P release in the Feitsui Reservoir were needed.

The objective of this study was to evaluate the effect of sediment P on the water quality of
the Feitsui Reservoir. In the first year of this two-year planning, the framework of this study
included: (1) the continued sediment sampling and analysis works at five sampling sites in the
reservoir; (2) the laboratory column studies to ssimulate the P flux; (3) the tracer experiments
onsite to calculate the dispersion coefficient at the sediment-water interface; and (4) building
up a2 BOX-Sediment Phosphorus Transport and Flux Model (2B-SPTFM) at sediment-water
interface to ssimulate the P flux to the overlying water.

By comparing the sampling results of this year with those of the other years, there was not
significant difference between them. It was suggested that no accidental pollution had
occurred in the reservoir this year. The analysis of the fractionation of sediment P at five
sampling sites and watershed soils indicated that Al-bound P was a dominant inorganic
species of Pin the sediments. By using a geo-chemical program, MINEQL", with the input of

the main ion concentrations in the porewater and AIPO, as a fixed entity, the time-varying
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equilibrium phosphate concentration (EPC) was simulated. The ssimulated EPC was mostly
larger than the measured reactive phosphate (RP) in the porewater, indicating the higher
release potential of Pinto the overlying water.

The column studies revealed that the simulated P flux was about 1.0E-1 ug/cm?day. It
compared well with the P flux onsite. According to the investigation of the results monitored
onsite or in the laboratory column experiments, the sediment P model (2B-SPTFM) was built
and would incorporate with the water quality model, W2, to simulate the internal load of P
and quantify the effect of them on the water quality. The technique applied in the tracer test in
the Feitsui Reservoir has been proved feasible. The calculated longitudinal dispersion
coefficient at the sediment -water interface was 0.72 cm?/sec.

Hopefully, future work would give more information about the cycle of P in the reservoir

and provide sound strategies for the improvement of the water quality.
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1997)
pH 5
(2001)
(quartz)
(vermiculite) gibbsite(Al(OH)3)
2.1.2
2.1.3
Carlson
,1998)
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1996 2000 1-2
(2000)
8 Carlson
2.1.4
1994~2001
(S1)
mg/kg

(2001)

S5

(

0.98-2.32 mg/L
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2001)

40 pg/L

(S3)

2001
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120M

(S2)

200-800



mg/L (Hakanson and Jansson, 1983)

2.2

(sedimentation)

( Seibold and Berger, 1982)

1. Lithogenous sediment

2. Hydrogenous sediment

3. Biogenous sediment

(debris)
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(Hietyesand Lijklema 1980 Williams 1976 Golterman 1988)

(Iabile-P) (CaP)(
(Fe, Mn and Al-P)( non-apatite P)
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Pettersson 1998 (2001) Hietyes Lijklema (1980)
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( Hakanson et al., 1983)
24.1
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(saturation index, Sl) (Troup 1974)
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IAP

(hydroxyapatite

Cas(PO4)30H) (fluoroapatite ~ Cas(PQO4)3F)

(Hakanson and Jansson, 1983 )

vivianite (Fe3(PO,)2 8H,0) anapatite (CaFe(PO,4)2 4H,0) variscite (AIPO,)

MnHPO, 2.1
(pH)
(ORP) Moore and Reddy
1994 (Runnélls, 1969)
2.1 (2001) 2000 1 6 9
6 ORP -1749 -231mV

pH (429 489

MINTEQAZ2(Allison, 1991) PHREEQC(Parkhurst, 1995) MINEQL+(Schecher, 1998)

House(2000) PHREEQC
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242

OH

Freundlich  Langmuir isotherm

(House 2000)

19%(0.02~0.08%)( 2001)

200~400L/kg

24.3
(Bates et
a., 1980; Di Toro and Matystik, 1980)
(Holdren and Armstrong, 1980)
WASP(Water Quality Analysis Simulation Program)
0.0004 day™
2.4.4 (pH) (ORP)
(Moore and
Reddy, 1994) (2001) pH
pH
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pH 4~6

(ORP) (2001) 2001 2
ORP
ORP
pH ORP
2.4.5
Holdren  Armstrong(1980) Starkel (1985)
(1988)
(Ulrich, 1997 Hupfer et a., 2000)

Krom  Berner(1980) 20 3.6E-2 cm?/sec
Freedman Canale(1977) ( 0.8

1.0E-5~2.0E-5 cm?/sec

2.5 -

251 -
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(oxic zone) (anoxic zone) (burial zone)

(Mortimer, 1941)

Goethite (a-FEOOH)

() (1)

Furrer(1996)
Holdren  Armstrong(1980)
Fe/P 18
( 3~4%)
(1994)
1.94 ug/cm’day
0.088 ug/cm?day 20 (2001)
0.7 9 ug/cm’day

0.4~0.6 ug/cm’day



252 -

- (Sechet,1999)

Fick's Law

(Ulrich, 1097 Hupfer et al., 2000) Furrer(1996)

2.6
(Syers, 1973; Bostrom, 1982)
(Hakanson and Janson, 1983)
(Furrer  1996) Di
Toro(2000)
2 mg/L
2 mg/L

Di Toro

Van der Molen(1991)
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WASP(Water Quality Analysis Simulation Program)

EUTRO

CE-QUAL-W2(a

Two-Dimensional, Laterally Averaged, Hydrodynamic and Water Quality Model, Version 2.0)

2.7

1970 (USGS)

(guidelines) SFs sHe

1998 Clark 1996 Pujol, 1999  Adler(1999)

2.8
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2001 WA SP5
WASP5
(heat balance) w2
WASP5
WASP5
31

w2

(1994)  WASP5

WASP5

(2001) WASP
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WASP5

S5
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(S-3) (S2) (S1)

31
( )
(
)
3.2
5
10
20 31
NIEA
S321.61C  W306.50A NIEAW S NIEA
(Standard Methods) (Soil Analysis Methods)
3.2
3.2

321
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MINEQL +(Schecher,

1998) (equilibrium phosphate concentration,

EPC)

curve fitting

Hietyes and Lijklema(1980)

3.3

NH,Cl (Iabile-P) HCl (CaP)  CDB(0.3M

NagCsHs07-2H,0, 0.IMNaHCO;3, 0.005M N&S0s) NaOH

(Fe, Mnand Al-P) NaOH HCI (organic-P) (residua-P)(
) CDB
NaOH
10 2
31

322

69



(A)

(B) ©)
(S5)
323
Fischer(1968) "methods of
moments’
— O-t?j _O-ti
2% (ty —t,)
1)

2 .
Ot (variance)

2 .
O (variance)
b (mean time of travel)
L (mean time of travel)

70



Ex (isotropic) (homogeneous)

plume (1) ol

(variance) E

34

324

WASP  CE-QUAL-W2

4.1
5 27 41 43 8 28

44 4.6

128 (S1) (33
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411
(1) pH
pH
5.2-6.5 8
(S1) (S5
-55~ -124 mV
(2
5 5

39~61%

pH

145

4.1

(ORP)

(ORP)

5.8-6.6

pH

50~57%
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4.2

pH

pH

ORP -58~-138 mV

ORP

37~55%

pH



(S5

3
5 19 31% (S1) (S3) 8
1.9~4.9% (S1) (S5)
(4)
5 203~488 mg/kg 8 270~389 mg/kg
(S3) (S5
0.21 0.66 mg/L ( ) 0.08 0.23mg/L
1.45~2.32 mg/L 0.31~1.36 mg/L
pH (ORP)
pH (ORP)
©)
934~1750mg/kg 1308
1960mg/kg 81~85 1540 mg/kg (

,1999)
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(6)

5 006 023mglL 8 0.16 0.46 mg/L

8 5
(7)
(0.1
5mg/L) APHA  Standard Method
(IC) ( )
IC IC
IC
IC
5 0.009-~0.015 mg/L 8
0.019-~0.042 mg/L
4.1.2
4.3 4.4 106um 50%

38um 5 55~84% 8 39~92%
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4.1.3

1.
45 4.6
(S-5) 3000 mg/L

300-1000mg/L 5 1614

mg/L 8 818mg/L
89 5
( ) 90 1 21 ( )
2.
45 4.6
5 (S-3) 8 (S1)

(S-2) (S2) (51
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MINEQL +

4.2

4.2.1

4.2

(oxic zone) (anoxic zone) (burial zone)

(BOX-1) (BOX-2)

(2 BOX-Sediment Phosphorus Transport

and Flux Model  2B-SPTFM) 4.2
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(@H)] - (compaction)

(consolidation)

(2 (resuspension) (bed load transport)
(settling)

©)

(4)

©)

(6)

MINEQL +(Schecher, 1998)

(equilibrium phosphate concentration, EPC)

(source) (sink) EPC

(7)
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4.2.2

(Cw) (Cwa)

(Cs1) (Cs2)

oG _0 nsz& + f (reaction —terms)
ot oz oZ
2

C,=nC,+ p,Cs =n(C,, +C,,)+ p,(Cg +Cs,)

Cs=C4q+Cs,
Cw =Cu + Gy

1. (Cwa)

n acc’i::vl = pok, 0 TCgq —nk,07C,,
(4)
(Cs1)

(Cw2)

2. (Cw2)
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oCy»

n—r = nk,0T2C,,, + na(C,, — Cy,)
(5)
(Cwa) (Cwo2) (Ce)
5) EPC (Cy,)
(Cwo) (o)
(sink)
(o)
(6)
L des  Oso Dm
EPC (G, )
MINEQL+
(BOX-1)
Goethite
(a-FeOOH)
(BOX-1) (BOX-2) EPC

4.2.3
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(BOX-2)

(Newmann boundary condition)

8C:t (ZZ ’t) — O
0Z
2.
- (Z=0)
DH
q= noL_(szo _Cw)
0
(10)
n, -
Dn -
Cw2o (compartment j)
Cw (compartment i)
Lo
3. (BOX-1)
(SOD) Roz
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(12) BOX-1 2z,

82COZ

Dor 527 ~Re2 =0

(11)
Z=0; C=C,(0)
0C
222y, —#=0  Cg, =0
7=7,1= ROZ
(12)
curve fitting
FORTRAN
4.3
EPC MINEQL+
(2001)

(residual-P)

(Fe, Mn or Al-P)
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431

4.3

(FeMn-P)

AlIPO,4

(CaP)

23.9%

NaOH

1.1-1.6%

(Iabile-P) 0.02 0.08%
5
26.2%
(Al-P) 10-16%
(CaP) 0.5-0.6% (Soil-2)
(Soil-1) (47

1 (Species) MINEQL +
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( 47

432
@ 5 27 )
4.4
mg/kg) 13cm
(Al-P)
(13~51 mg/kg)
mg/kg)

4.5

(Al-P)

38um 55-83%
(S3) (S5
(S5) 2cm
( 50~290
13~20cm
(Fe,Mn-P) (Ca-P)
(7~22 mg/kg) (1~9
2~5 mg/kg
(S-2) (S5)
3cm
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4.6 ( Cs1) ( Cs2)

4.4
(A) (B)
©
4.6
4.8 (A) (B)
(A) 0.05~0.15 ug/cm’day (B)0.01~0.39
ug/cm’day
47 ()
( )
7~9 ug/cm’day 1-2
4.8 ©) 0.04~0.13



ug/cm’day 0.02~0.09 ug/cm?day (©)

2.72 mg/L ©

0.09~0.14 ug/cm’day( (A) (B)

) 1.0E-1 ug/cm’day 1 -9
( 4.8 ( 2001)
0.006~0.026 ug/cm’day 1.0E-3~1.0E-2 ug/cm’day

0.01-0.1 ug/cm?day
10.24 km? 500-3800 kg/yr
4.5

91 11 28 42 44 46 (

42 :18m 44 :16m 46 :10m

10-15 cm/sec
plume

Photoshop plume
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3.2.3 1 o2

E 0.30-1.50 cm?/sec(

(isotropic)( X, Y, Z

Thomann (1987)
4.6
(2B-SPTFM)
MINEQL +
MINEQL +
EPC
4.7

Dy

(variance) At 46
0.72 cm?/sec)
) (homogeneous)

0.05-20 cm?/sec

4.9

EPC

411

WASP5
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Experimental Station, U.S. Army Corps of Engineers) CE-QUAL-W2( W2)

X 2 (2001 ( a )
W2
W2 4.12
48
(2002)
6 (2002)

2001
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71050030025018015010686
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50. G-0-0
_40.000
8
T 30.000

20. 000
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>850 850-710 710-500 500-300 300-250 250641680 168 00-
( 1)
S-5

50. G066
S 40.000

30.000

20. 0600

10. 600

0. 0lp®

>850 8B300500300250180450-06-38 38-16 1
710500300250180150106
(10°°m)
4.1-A @1 5 )( )

150 150-
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( %)

>850 &5056-01-0®-50-80-50-063816-6 6-0
71060B0®R5080500638 16
(pm)
S-2

. 50.10
X
S 40.70

30.(0

20.10

10.10

0. Go——oe—o——¢

>850 875L005-0 03-0 02-5 01-8 01-501-0638-16-6 6-0
71050030®@501801500638 16
(um)
S-3

~ 50.70
X
_ 40.[0

30.10

20.10

10.10

0 0—4 ——4 . . *

>850 875L006-0 03-0 ®-501-8 01-501-0638-16-6 6-0

710500B00250801500638 16

(pm)

4.1-B 9L 8 )
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( %)

50.
40 .
30.
20.

S & & o

(@)

o

. —————t——o——o—
>850 §5a@B-O0OB-O®5A-8A-50-063816-6 6-0
71060B0®50@80@500638 16

(pm)

( %)

50.
4 0.
30.
20.
10.

S5

>850 F§9@-0B-O®R-50-8A-500-063816-6 6-0

71060B0@®5080500638 16

(pm)

4.1-B
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OVERLYING
WATER
Dliffusion (2)
Sediment +
Chermical Microbial
- Sulioria process
B —_——
(3 4
BOX-1 |
Dliffusion
BOX-2 Y

Boundany condition

Chemical equilibrium (ksp, pH, Eh, ligand iors)

(ot
(2y:Diffusion (Ds)
3

(4 Microbial process (Kb, rabe const)

4.2
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P, mg/kg

*°Orgahic-P° *°°
CP
DP
EP

————— FP

|

Depth, cm

11.

13.

15.

17.

19.

44 (S5
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Depth(cm)

Depth(cm)

Di s s orgenic€d mg / L)

D

Dissolved reactive P (mg/L)

00 0.

10 0.20
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0. @
2.
4.
6.
8.
10.

0.
0. ¢
2.0
4.0
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10.

D
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——S - 2

=S - 5

4.5
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0 50 100 150
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0 6.0
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0 10 20
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- (A) NaHSO3
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(@)
-}
100 .
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= 5o0f
L 4
¢ L 2
O Il
0 10 20 30 40 50
ti me, day
(B) NaHSO3
-
~ 15J
(@]
> L 4
100
o
= 50t .
0’ ¢
0
0 5 10 15
ti me, day
4.6 (A) (B)
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~ 50
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0
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time, day
47 (© (TP) (RP)
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21

Reaction pK Source
Fey(PO,), 8H,0=3Fe*"+2P0, * + 8H,0 36.0 Holdren and Armstrong(1986)
CaFe(PO,), 4H,0 = 2C&* + Fe** + 2PO,* +4 H,0 34.2 Holdren and Armstrong(1986)
Ca(PO,), = 3Ca&"+ 2P0, 285 Holdren and Armstrong(1986)
CaH(PO,); = 4Ca* + H" + 3PO,* 46.9 Holdren and Armstrong(1986)
Cas(PO,)30H = 5Ca* + 3PO,> + OH" 57.8 Holdren and Armstrong(1986)
Ca,0H PO, = 2C&%* + PO,> + OH" 254 MINEQL*(1998)

Mny(PO,), 3H,0 = 3Mn*" + 2PO,> + 3H,0 31.8 Holdren and Armstrong(1986)
FePO, 2H,0 = Fe** + PO,* + 2H,0 26 Stumm and M organ(1996)
AlIPO, 2H,0 = AI*" + PO,* + 2H,0 21 Stumm and M organ(1996)
MnHPO, 2H,0 = Mn?* + HPO,* 25.4 MINEQL*(1998)

CaHPO, = Ca?* + HPO,* 6.6 Stumm and M organ(1996)
Cayo(POy)e(F), = 10Ca%" + 6PO,> + 2F 118 Stumm and Morgan (1996)
CaFPO, =2 Ca®* + POZ + F 18.7 MINEQL*(1998)
CaHAI(PO,), = C&®* + AI*" + H" + 2HPO,* 39 Stumm and Morgan (1996)
FeS=Fe* + S 16.9 Holdren and Armstrong(1986)
FeCO; = Fe?* +CO5> 10.68 Holdren and Armstrong(1986)
Al(OH)3=Al*"+3H,0-3H" -8.77 MINEQL"(1998)
MnCO3;=Mn?"+CO5* 10.41 MINEQL*(1998)
CaCO4=Ca*+CO4* 8.48 MINEQL*(1998)
Al(OH)O,=AI*+2H,0-3H" -6.87 MINEQL*(1998)

25
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1 NIEA S321.61C
2 NIEA S321.61C
3 NIEA S321.61C
4 NIEA S321.61C
5 NIEA S321.61C
6 NIEAS310.61C
7 NIEAM317.00C
8

9

10

11

12

13 (S*) |NIEAWA433.50A
14 (F) |NIEAWA413.50A
15 pH NIEAS410.60T
16 ORP

17 Method of Soil Analysis 1129-3,-4
18 NIEA S280.61C
19

20 (TKN) ASTM 4500-N
21 (TP) ASTM 4500-P
22 (SP) NIEAW427.51B
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1 20% 80~120% 100%  |0.018mg/kg
2 20% 80~120% 100%  |0.005 mg/kg
3 20% 80~120% 100%  |0.005 mg/kg
4 20% 80~120% 100%  |0.043 mg/kg
5 20% 80~120% 100%  |0.013 mg/kg
6 20% 80~120% 100% |-
7 20% 80~120% 100%  |0.23 mg/kg
8 20% 80~120% 100%  [3.3E-4 mg/L
9 20% 80~120% 100%  |1.6E-5mg/L
10 20% 80~120% 100%  |7.4E-7 mg/L
11 20% 80~120% 100%  |1.3E-4 mg/L
12 20% 80~120% 100%  |8.1E-6 mg/L
13 () | 20% 80~120% 100%  |0.01mg/L
14 F) | 20% 80~120% 100%  |0.003 mg/L
15 |pH — 100% |-
16 (ORP) — 100% |-
17 20% 80~120% 100% |-
18 20% — 100% |-
19 (TKN) 20% 80~120% 100%  |0.173 mg/kg
20 (TP) 20% 80~120% 100%  |8.73 mg/kg
21 (SP) 20% 80~120% 100%  |0.007 mg/L
41 91 5 )

112




S5 S4 S3 S2 S1
ORP(MV) -21.5 92.0 43.8 45 41.3
-138.0 -68.0 -89.7 -115.9 -58.8
pH 5.2 5.6 6.1 6.2 6.5
(%) 57.7 56.1 50.9 50.3 524
(%) 2.8 22 31 2.2 19
(mg/kg) 1713 1731 1657 1430 1736
(mg/kg) 488.5 2034 242.7 229.8 242.7
(mg/L) 0.54 0.38 0.55 0.54 0.21
(mg/L) 0.23 0.12 0.08 0.21 0.12
(mg/L) 0.07 0.10 0.23 0.06 0.07
(mg/L)? 0.029 0.031 0.032 0.036 0.045
(mg/L)b 0.009 0.009 0.015 0.013 0.011
a b (1C)
42 91 8 )
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S5 S4 S3 S2 S1

ORP(MV) -36.0 14.4 47.0 -8.8 185
-110.5 -124.3 -112.8 -55.5 -72.1

pH 6.1 5.8 6.1 6.4 6.6
(%) 61.3 55.1 50.4 43.2 39.4

(%) 49 34 2.0 2.3 19
(mg/kg) 1666 1267 1212 1093 934

(mg/kg) 341 213 389 334 270

(mg/L) 0.35 0.35 0.50 0.14 0.66

(mg/L) 0.06 0.12 0.29 0.06 0.05

(mg/L) 0.16 0.16 0.41 0.46 0.39
(mg/L)? 0.019 0.026 0.020 0.036 0.042

a (1)
43 91 5 ( , %)
(Hm)
S5 S4 S3 S2 S1
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>850 0.99 2.13 1.96 0.23 0.96
850-710 1.19 1.70 0.96 0.56 1.99
710-500 1.35 1.32 1.69 0.44 2.06
500-300 2.36 3.76 2.22 0.54 2.58
300-250 1.70 3.16 1.79 0.21 1.46
250-180 2.35 0.86 1.79 0.47 0.58
180-150 2.48 2.68 2.49 0.78 0.90
150-106 2.78 3.76 3.65 0.54 4.96
106-38 15.73 14.28 17.72 12.75 28.90
38-16 31.03 25.21 42.71 23.38 22.24
16-6 23.88 26.54 16.43 37.57 22.24
6-0 14.20 14.60 6.59 22.53 11.13
44 91 8 ( , %)
(Hm)
S5 sS4 S3 S2 S1
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>850 0.7 1.0 0.4 0.6 0.9
850-710 1.0 0.3 0.2 04 04
710-500 1.8 0.8 0.6 1.0 1.1
500-300 1.7 0.5 0.5 15 1.2
300-250 0.8 0.5 0.9 1.1 0.6
250-180 1.7 0.3 14 1.2 2.2
180-150 0.7 0.6 1.2 1.8 25
150-106 1.6 1.1 14 7.4 9.1
106-38 12.4 3.1 7.9 451 42.6
38-16 46.4 31.4 25.5 234 21.7
16-6 12.0 27.0 36.8 11.0 11.6
6-0 19.2 334 23.2 55 6.1
45 91 5 (
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S5 S4 S3 S2 S1

(Fe)(%) 42 4.4 36 4.0 3.4
(Mn) 1613.6 1148.9 7885 590.7 594.1

(zn) 2393 134.7 100.5 110.4 102.8

(Pb) 57.7 37.8 345 376 317

(Cu) 26.3 22.0 20.6 20.3 20.0

(mg/kg) (A9) 3.1 1.8 44 2.2 2.8
(Hg) 03 03 0.4 0.2 0.2

(Fe) 31.2 26.9 61.3 19.2 30.1

(Mn) 13.9 10.6 8.9 2.9 2.4

(Al) 19.8 255 24.7 15.6 38.8

(mg/L) (Ca) 311 8.8 64.2 8.8 24.1
(Mg) 11.2 5.6 29.8 23.4 216

46 91 8 ( )
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S5 S4 S3 S2 S1

(Fe)(%) 41 41 36 3.0 2.7
(Mn) 818.3 732.4 551.9 472.8 4494
(zn) 141.1 150.6 136.8 166.4 174.3
(Pb) 43.9 45.0 27.8 31.2 40.0
(Cu) 486 52.2 56.5 30.8 39.8
(mg/kg) (As) 3.3 23 34 3.3 5.2
(Hg) 0.3 03 03 0.2 0.2
(Fe) 41.9 59.0 69.2 457 136.5
(Mn) 11.7 10.7 10.6 95 12.4
(Al) 235 418 63.7 23.9 76.3
(mg/L) (Ca) 317 9.6 175 705 44.9
(Mg) 185 14.0 243 365 37.9
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4.7

organic-P Ca-P Al-P Fe-P labile-P residual-P TP

Soil-1 115.80 0.64 14.19 2.16 0.62 -4.79 131.08
88.3% 0.5% 10.8% 1.6% 0.5% -3.7%

Sail-2 262.56 1.80 51.11 3.42 143 63.13 392.57
66.9% 0.5% 13.0% 0.9% 0.4% 16.1%

S1 118.75 5.09 10.01 9.64 2.63 271.32 417.43
28.4% 1.2% 2.4% 2.3% 0.6% 65.0%

S2 30.97 3.82 9.23 10.54 2.66 197.07 254.29
12.2% 1.5% 3.6% 4.1% 1.0% 77.5%

S3 59.50 2.86 6.65 5.12 2.37 332.84 409.34
14.5% 0.7% 1.6% 1.3% 0.6% 81.3%

S4 32.52 2.48 4.49 3.65 2.06 157.80 203.40
16.0% 1.2% 2.2% 1.8% 1.0% 77.6%

S5 138.46 4.41 22.68 11.90 3.73 317.48 498.65
27.8% 0.9% 4.5% 2.4% 0.7% 63.7%

unit: mg/kg
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4.8

TP RP
1.  NaHsOo3 0.05~0.15 (0.06)
2 NaHSO3  0.01~0.39 (0.14)

0.04~0.13 (0.07) 0.028-0.09 (0.04)

unit; ug/cm? day

4.9 (2B-SPTFM)

120



Dnm 0.3 ( Krom and
cm?/day Berner, 1980) )
glem® Do 1.293( )
(VIV) n 0.61( )
- D 7.2( )
cm’/day
Ke 0.02(WASP data)
day™
0 1.08
Kq 0.0004(WA SP data)
day™
cm?/g As 100( )
BOX-2 Z, 100 )
cm
- n, 0.81(0.5* n +0.5*1)
(compartment ) Cuwj 0.05( )
mg/L
cm/day o 8.57=( Dn/L)
mg/L Cuz MINIEQL+
d65 dso cm L 0.00035( )
cm Lij 5 )
(SOD) g/mday Roz 0.07( DO
)
cm?/day Doo 1.78(20 )
4.10 MINEQL+ (EPC)
1 2 3 4 5 6

(1) 8.8 33 146 274 176 75
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(BOX-2)

, EPC02(2) 660 15 585 562 1600 15.3
/(1) 75 005 401 2051 9091 204
(BOX-1)
, EPCO1(3)
(3)/(1)
a U M.

(1) 2000/1/7 ; (2) 2000/6/21; (3) 2000/9/29; (4) 2001/5/24; (5) 2001/8/28, (6)2002/5/27

411
412 W2
Ay m°/sec
Ex m°/sec
Gmax 1/day 1.5-2.5
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Dy 1l/day 0.01-0.03
Ksa 1l/day 0.08-0.11
Dp 1l/day 0.01-0.01
Is ly/day 100-400
la ly/day 500-1000
Ke Um 0.18-4.0
Kmp mg/L 0.002-0.0475
Kmn mg/L 0.01-0.4
Kni mg/L 0.04
Knz mg/L 0.03-0.2
SOD gm°/sec 0.07
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( )
)
91 5 2 91 5 2 91 5 2
1 4.5% 9.5% 106.9% | 89.4% | 100% | 100% | 0.0565mg/kg
2 — 18.7% | 100.6% | 92.4% | 100% | 100% | 0.0062 mg/kg
3 4.9% 7.9% 101.3% | 97.2% | 100% | 100% | 0.0191 mg/kg
4 28.3% 2.8% 90.2% | 35.9% | 100% | 100% | 0.1289 mg/kg
5 — 35.3% | 107.7% | 97.9% | 100% | 100% | 0.0227 mg/kg
6 - 12.9% | 112.6% | 84.1% | 100% | 100% -
7 4.9% 9.9% 93.9% | 112.3% | 100% | 100% 0.23 mg/kg
8 0% 18.5% 68.9% — 100% | 100% 0.017 mg/L
9 3.3% 12.0% 101% - 100% | 100% 0.01 mg/L
10 4.5% 15.1% | 102.1% | 93.2% | 100% | 100% 0.38 mg/L
11 11.2% | 51.4% | 113.6% |106.9% | 100% | 100% 0.02mg/L
12 6.9% 29.6% 58.0% | 119.7% | 100% | 100% 0.27mg/L
13 1.8% 5.4% 104.4% | 103.6% | 100% | 100% | 0.0241 mg/L

()
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14 2.5% — 106.9% | — 100% | — 0.0057 mg/L
(FX )
141 (F)| 18% 46% | 93.2% |117.9% | 100% | 100% | 0.0012 mg/L
( Ic )
15 |pH — — 100% | 100% —
16 (ORP)| — — 100% | 100% -
17 4.4% 12% 82.0% | 76% | 100% | 100% —
18 3-70% | 6-40% — — 100% | 100% —
19 (TKN) 109% | 23% 67% | 97.5% | 100% | 100% | 0.083mg/kg
20 (TP) 15% 37.8% 90% |129.6% | 100% | 100% | 8.37mg/kg
21 (SP) 22% 18% 110% | 110% | 100% | 100% | 0.007 mg/L
-1
()
91 27
24.5
O O O O ] ( )
(UTM)E/N__0361069/2758277 130 m
11 11 m( 1m)
m 20 m
O | O
O O O |
[ | | O
DO Temp | pH ORP(mv)
(cm) | (mg/L) | () /
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S1-1 48 541 24.5 6.18 45 -51.5
S1-2
S1-3
S1-4 48 24.5 6.50 375 -66.1
1. ORP ORP
2 S -1S -2.......
=5: =4: =3 =2 =1L (
)
-2
()
91 5 27
24.5
O O O ] O ( )
(UTM)E/N__0361069/2758277 130 m
20 m( 1m)
m 40 m
| | |
O O O |
u | O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S2-1 20.6 0.44 26.2 6.49 65.6 -130.5
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S2-2
S2-3 42.5 26.7 6.47 -56.6 -101.2
S2-4
1. ORP ORP
2. -1,S 2.
=5: =3 =2 =1
-3
()
91 5 27
24.5
O | O
(UTM)E/N__0360505/2755544 130 m
26 26 m( 1m)
m 15
| | |
O O |
| O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S3-1 24 4.13 26.0 6.47 55.6 -88
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S3-2 32 26.4 6.28 31.9 -91.3
S3-3
S3-4
1. ORP ORP
2 S -1S -2....
=5: =4: = =2 =1
-4
()
91 5 27
24.5
O | O O O
(UTM)E/N__0358357/2755163 130 m
. _ 1m)
m m
| | |
O O O |
n ] O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
A1 32 7.24 26.6 6.59 65.1 -56.3
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129

HA-2
SA4-3
HA-4 32 26.6 6.46 118.9 -79.7
1. ORP ORP
2. S -1S -2....
=5: = = =2 =1
-3
()
91 5 27
24.5
] O O O O ( )
(UTM)E/N__0356776/2755750 130 m
90 90 m( 1m)
_m m
O _ O O
O O O |
| | O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S5-1 43 7.80 19.7 6.54 -7.0 -120.7




S5-2 34 20.2 6.41 50.0 -154.7
S5-3
S5-4
S5-5
S5-6
1. ORP ORP
2. S -1S -2.....
=5 =4 =3 =2: =1
-6
()
91 28
28.8
O O O O ( )
(UTM)E/N__0364147/2757128 145 m
27 27 m( 1m)
m 50
O | O
O O [
[ [ | O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
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S1-1 33 541 289 6.05 3.0 -111.2
S1-2 26 28.8 6.06 335 -32.9
S1-3 53
S1-4
3. ORP ORP
4. S -1S -2.....
=5: =4: =2 =1L (
)
-7/
()
91 8 28
28.8
O O O ] O (
(UTM)E/N__0362145/2757146 145
42 42 m( 1m)
m m
O | O
O O O
|
u [ O
DO Temp | pH ORP(mv)
(cm) (mglL) | ()
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S2-1 25 25 6.32 -8.8 -55.5
S2-3 27
S2-4 45 26.7 6.24 10.8 -61.7
S2-5 42
1. ORP ORP
2. S -1S -2.......
=5: =4: =3 =2 =1
-8
()
91 8 28
28.8
O O ] O
(UTM)E/N__0360265/2755998 145 m
70 70 m( 1m)
200 m 150 m
O | O
O O O
|

n ] O

DO Temp | pH ORP(mv)

(cm) (mglL) | () /
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S3-1 20 28.2 6.32 47.0 -112.8
S3-2 30
S3-3 30 6.03 12.9 -76.9
S3-4 30
1. ORP ORP
2 S -1S -2....
=5: = = =2 =1
-9
()
91 28
28.8
O | O O
(UTM)E/N__0360271/2755851 145 m
87 87  m( 1m)
50 m 20 m
n ] O
O O
|
n ] O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
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134

HA-1 30 26.3 6.25 144 -124.3
HA-2 30 6.25 -11.1 -121.4
SA4-3 30 25.6
A4 40 26.3
1. ORP ORP
2. S -1S -2....
=5: = =3 =2 =1
-10
()
91 8 28
28.8
] O O O O ( )
(UTM)E/N__0356792/2755739 145 m
128 128 m( 1m)
_m m
U _ 0O [
O O O |
| | O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /




S5-1 30 205 [6.38 -36.0 -110.5
S5-3 40 6.13 40.8 -74.8
S5-4 40 29
S5-5
S5-6
1. ORP ORP
2. 'S 1S 2.
=5: =4: = =2 =1
mg/kg

1A ) <4 4-9 10-60 >60 >60

<4 4-15 16-60 >60 >60
2.Cd( ) <0.05 0.05-0.39 0.40-10 >10 >10
3.Cr( ) <0.10 0.10-10 11-16 >16 >40
4.Cu( ) <1 1-11 12-20 21-100 >100 >180
S5.Hg( ) <0.10 0.10-0.39 0.40-20 >20 >20
6.Ni( ) <2 2-10 11-100 >100 >200
7.Pb( ) <1 1-15 16-120 >120 >200
8.Zn( ) <15 1.5-10 11-25 26-80 >80 >300
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As Hg Cd Cr Cu Ni Pob Zn O0.IN
1mg/kg
90 oo
As 30
cd 10

25
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N 175

- 220 120
o 10 5
Ni 130

o 1000 300
- 1000 260

(2B- SPTFM)

oC, _ 9 nsz& + f (reaction —terms)
ot oz oz

C, =nC, + p,Cs = N(Cyy + Cyp) + 4 (Co; + Cs,)

C,=Cg,+C,,
CW =CV\/1+CV\/2

(Guw) (Cu)
1. (Cwa)

0 a(;[m = p,k 0 TPCy —nk,07?C,,

Crank-Nicolson
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Uurm-ui_ A
At 2AZ2
+B—CU}“

n

Urt-2u™ o um)eUr, —2ur+u)|

j+1 j+1

A =0.5*n*Dm*DT/(DZ) ?
B = A*Kc*Co* @ (WT-20)

C=n*Kd*® (WT-20)

2. (Cw2)
a B I
n (;\{vz = nde(T 20)Cw1 +na(C,, -Cy,)
Crank-Nicolson

an+l _VJn ~ A
At 2AZ?

+CU{ + D(EPC-V/")

(V'n+l -2 +an—+11)+ (Vin+l -~V )]

n j+1

D=n*]

Lower boundary condition

0C(Z,.1) _
oZ
AZ

Upper boundary condition
D
q= noL_H(szo -Cw)
0

n n-1 n n
Vi -V, =2A(Vj+1—Vj)
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IC

(2B- SPTFM)

PROGRAM 2B-SPTFM (2 BOX SEDIMENT PHOSPHORUS TRANSPORT AND FLUX MODEL)
THIS PROGRAM COMPUTES THE 1-D SEDIMENT PHOSPHORUS DIFFUSION-REACTION EQUATION

THE NUMERICAL SCHEME,CARNK-NICOLSON METHOD IS APPPLIED.

DATA DEFINITION:

CT = SEDIMENT TOTAL PHOSPHORUS(mg/cm3)

CSl= SEDIMENT ORGANIC PHOSPHORUS(mg/kg)

CS2= SEDIMENT INORGANIC PHOSPHORUS(mg/kg)

CW = SEDIMENT DISSOLVED TOTAL PHOSPHORUS(mg/L)

CW1= SEDIMENT DISSOLVED ORGANIC PHOSPHORUS(mg/L)

CW2= SEDIMENT DISSOLVED INORGANIC PHOSPHORUS(mg/L)

CWIW = DISSLOVED ORGANIC PHOSPHORUS IN OVERLY ING WATER(mg/L)

CW2W = DISSLOVED ORGANIC PHOSPHORUS IN OVERLY ING WATER(mg/L)

EPC1= EQUILIBRIUM SEDIMENT DISSOLVED INORGANIC PHOSPHORUS IN AEROBIC LAY ER(BOX-1)(mg/L)
EPC2= EQUILIBRIUM SEDIMENT DISSOLVED INORGANIC PHOSPHORUS IN ANAEROBIC LAY ER(BOX-2)(mg/L)
DM = MOLECULAR DIFFUSION COEFFICIENT OF PHOSPHATE(cm2/day)

DH = HY DRODY NAMIC DISPERSION COEFFICIENT OF PHOSPHATE AT SEDIMENT-WATER INTERFACE(cm2/day)
RHO= BULK DENSITY OF SEDIMENT(g/cm3)

MP=MEAN POROSITY IN SEDIMENT(cm3/cm3)

KC = ORGANIC PHOSPHORUS DECOMPOSITION RATE CONSTRANT (day-1)

KD = DISSOLVED ORGANIC PHOSPHORUS MINERALIZATION AT 20C(day-1)

THETA = TEMPERATURE COEFFICIENT (NONE-DIMENSION)

WT = WATER TEMPERATURE NEAR THE SEDIMENT (C)

AS = SPECIFIC AREA OF SEDIMENT INORGANIC PHOSPHORUS( cm2/g)

ALPHA = MEAN MASS TRANSFER COEFFICIENT OF PHOSPHORUS FROM SOLID TO DISSOLVED PHASE(cm/day)
ML = MEAN CHARACTERISTIC LENGTH (cm)

Z1 = DEPTH OF AEROBIC LAY ER(BOX-1) OF SEDIMENT(cm)

Z2 = DEPTH OF ANAEROBIC LAY ER(BOX-2) OF SEDIMENT(cm)

FLUX = DISSOLVED TOTAL PHOSPHORUS FLUX FROM SEDIMENT INTO OVERLY ING LAY ER(ug/cm2/day)
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IC FLUXW1 = DISSOLVED ORGANIC PHOSPHORUS FLUX FROM SEDIMENT INTO OVERLY ING LAY ER(ug/cm2/day)
IC FLUXW2 = DISSOLVED INORGANIC PHOSPHORUS FLUX FROM SEDIMENT INTO OVERLY ING LAY ER(ug/cm2/day)
IC  O2W = DISSOLVED OXYGEN IN OVERLY ING WATER(mg/L)
IC 021 =DISSOLVED OXYGEN IN SEDIMENT(mg/L)
IC DO2 = DIFFUSION COEFFICIENT OF DISSOLVED OXY GEN(cm2/day)
IC RO2=SEDIMENT OXYGEN DEMAND(g/m3/day)
IC MPW = AVERAGE POROSITY AT SEDIMENT-WATER INTERFACE(cm3/cm3)
IC MLW = AVERAGE MIXING LENGTH(cm)
IC DX =SPACE STEP
IC DT=TIMESTEP
IC FT=FINAL TIME
IC NX =NUMBEROF X INTERVALS
IC RATIOA = 0.5*MP*DM*DT/(DX)**2
IC RATIOB = RHO*KC*CS1* THETA** (WT-20)
IC RATIOC = MP*KD* THETA** (WT-20)
IC RATIOD =AS*CS2*RHO*ALPHA
IC
IC TypedeClaration..........ccoueerurueererieeieeeee e
IC
DIMENSION CT(101)
DIMENSION CW(101),CW1(101),CW2(101), EPC(101)
REAL FLUX,FLUXW1,FLUXW2
REAL CS1, Cs2, CWIW, CW2W
REAL DM, DH, D02
REAL EPC1, EPC2, RHO, MP
REAL KC, KD, THETA, WT
REAL AS,ALPHA, ML
REAL 71,72, MPW, MLW
IREAL 02w, 021, RO2
REAL RATIOA, RATIOB, RATIOC, RATIOD
real a(100),b(100),c(100)
IC  DataStatements..........cceveveciinise s
DATACSL /138.46/, CS2/22.68/, CW1W /0.01/,CW2W/ 0.04/, DM /0.3/,&
& DH 2.5/, DO2/1.0/
DATAEPC1 /0.01/, EPC2/1.82/, RHO/1.293/,&
& MP/0.61/
DATA KC /0.02/, KD /0.0004/, THETA /1.08/, WT /20/
DATA AS/100/, ML /0.00035/, Z2 /10.0/, MPW /0.81/, MLW /2/,&
& O2W /2.5/, RO2/0.07/

OPEN(10,FILE='DATA.DAT)
OPEN(11,FILE='OUTPUT.OUT')

IC
IC INPUT PARAMETERS....coccccccreeseesccceeeessses e seeeee s
IC
10 WRITE(*,100)
20 WRITE(*,101)

READ*, DX

WRITE(*,102)

READ*, DT

WRITE(*,103)

READ*, FT

WRITE(*,104)

READ*, ISW
IC
IC
IC COMPUTE GRID.....occccceooreseeeeeeesesse e seeeeee s
IC

AX=(Z2/DX)+0.1

NX=AX+1

N1=NX-1

N2=NX-2

NT=((FT/DT)+0.1)+1

WRITE(*,105) DX,NX,DT,NT
IC
IC CALCULATE THE LENGTH OF BOX-1(Z1) AND THE LENGTH OF BOX-2(Z3)
IC

Z1=(2*D02* O2W/RO2)**0.5

73=72-71

AX2=(Z1/DX)+0.1

N3=AX2+1

WRITE(*,106) Z1
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WRITE(*,107) Z3

IC SET INITIAL CONDITION weooooeoeoeeerereeeeeesesssssesseseceesesesseeesssssssssrese
IC
DO 40 I=1,NX
CW1(1)=0.20
CW2(1)=0.20
CW(I)=CW1(1)+CW2(l)
EPC(1)=0.20
IF (I.LT.N3) THEN
EPC(l)=EPC1
ELSE
EPC(l)=EPC2
ENDIF

40 CONTINUE

IC

IC CHECK INPUT

IC
WRITE(*,108) MP, DM, RHO
WRITE(11,108) MP, DM, RHO
WRITE(*,109) CS1,KC,KD, WT
WRITE(11,109) CS1,KC,KD, WT
WRITE(*,110) CS2,ASML
WRITE(11,110) CS2,ASML
RATIOA = 0.5*MP*DM*DT/(DX)**2
RATIOB = RHO*KC* CS1* THETA** (WT-20)
RATIOC = MP*KD* THETA**(WT-20)
ALPHA =DM/ML
RATIOD = AS*CS2*RHO*ALPHA
WRITE(*,111) RATIOA, RATIOB, RATIOC, RATIOD
WRITE(11,111) RATIOA, RATIOB, RATIOC, RATIOD

IC  NUMERICAL SOLUTION......coiiiiiiinirie s
IC

IT=0

T=0.

IC WRITE T, (CWA(1),I=1,NX), (CW2(1),I=1,NX)
IF (ISW.EQ.1) THEN
WRITE(11,112) DX,DT,FT
WRITE(11,113) T, (CWA(I), I=1,NX)
WRITE(11,114) T, (CW2(1), 1=1,NX)
WRITE(11,115) (EPC(I), I=1,NX)
ENDIF
DO 50 J=2,NT
IT=IT+1
T=T+DT

IC CALCULATE DISSOLVED ORGANIC PHOSPHORUS (CW1(l),1=1,NX)
CALL CRANKI(NX,N1,DX,DT,MPRATIOA,RATIOB,RATIOC,CW1)
IC CALCULATE DISSOLVED INORGANIC PHOSPHORUS (CW2(1),I1=1,NX)
CALL CRANK2(NX,N1,DX,RATIOA RATIOC,RATIOD,EPC,CW1,CW2)
IC CALCULATE THE SEDIMENT PHOSPHORUS FLUX
FLUXW1= (MPW* DH/MLW)* (CW1(1)-CW1W)
FLUXW2= (MPW* DH/MLW)* (CW2(1)-CW2W)
FLUX=FLUXW1+FLUXW2
IC PRINT RESULTS
IC
IC WRITE T, (CW1(1),I=1,NX), (CW2(1),I=1,NX), (CW(I),I=1,NX)
WRITE(11,116) T, (CWA(1),1=1,NX)
WRITE(11,117) T, (CW2(1),1=1,NX)
WRITE(11,118) T, (CW(1),I=1,NX)
WRITE(11,124) FLUXW1, FLUXW2, FLUX
50 CONTINUE

IC WRITEFINAL VECTOR TO FILE
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100
101
102
103

105

106
107
108
109

110
111

112
113
114
115
116

117
118
119
120
121
122
123
124

IC
IC
IC
IC

IC
IC
IC

WRITE (10,119) DX,DT,FT,(CW1(l),|1=1,NX)
WRITE (10,120) DX,DT,FT,(CW2(1),I=1,NX)
WRITE (10,121) DX,DT,FT,(CW(1),1=1,NX)
WRITE (10,124) FLUXW1, FLUXW2, FLUX
WRITE(*,122)

READ*,IANS

IF IANS.EQ.1)THEN

WRITE(*,123)

READ*,JANS

IF(JANS -1) 20,30,30

ENDIF

FORMAT(""; THIS PROGRAM SOLVESA 1-D PARABOLIC PD.E.)

FORMAT(  SPACE STEPR, DX =7?)

FORMAT(  TIME STEP, DT =?)

FORMAT(" FINAL TIME=7?)

FORMAT(" SAVEALL RESULTSON FILE (Y=1)?)

FORMAT('DX=',F6.3,3X,NUMBER OF SPACE NODES=",14,&
&'DT='F6.3,3X,,NUMBER OF TIME NODES='14,//)

FORMAT(  THE DEPTH OF THE AEROBIC LAYER(BOX-1) IS,F5.2)
FORMAT(  THE DEPTH OF THE ANAEROBIC LAY ER(BOX-2) IS,F5.2)
FORMAT(1X//'MP='F7.4,3X ,/DM='F7.4,3X,'RHO="F7.4)
FORMAT(1X//'CS1='F7.4,3X 'KC="F7.4,3X 'KD='F7.4,3X &

&'WT='F7.4)

FORMAT(1X//'CS2="F7.4,3X /AS='F7.4,3X /ML= F7.4)

FORMAT('RATIOA="F6.3,3X,'RATIOB="F6.3,3X 'RATIOC="F6.3,3X &
&'RATIOD=',F6.3)

FORMAT(1X//'DX="F7.4,3X,DT="F7.4,3X 'FT='F7.4)

FORMAT(1X, TIME=' F7.4,(CW1(l)=,1=1,NX)"/1X,101(E13.6,3X))

FORMAT(1X, TIME=' F7.4,(CW2(l)=,1=1,NX)"/1X,101(E13.6,3X))

FORMAT(1X,'(EPC(I)=,1=1,NX)"/1X,101(E13.6,3X))

FORMAT(1X, TIME='F7.4,4X NUMERICAL SOLUTION:/1X,'CW1(l)=, I=1,NX'&

&/1X,101(E13.6,3X))

FORMAT(1X,'CW2(1)=, I=1,NX"/1X,101(E13.6,3X))

FORMAT(1X,'CW(l)=, I=1,NX"/1X,101(E13.6,3X))
FORMAT(1X,3(F7.4,3X),/1X, CW1(1)=, I=1,NX"/1X,101(E13.6,3X))
FORMAT(1X,3(F7.4,3X),/1X,CW2(I)=, 1=1,NX/1X,101(E13.6,3X))
FORMAT(1X,3(F7.4,3X),/1X,CW(1)=, I=1,NX"/1X 101(E13.6,3X))

FORMAT( '/, ANOTHER CASE(Y=1)?")

FORMAT(' '/, SAME GRID(Y=1)?")

FORMAT(1X, THE DISSOLVED ORGANIC PHOSPHORUS FLUX IS, F6.3,&

&/1X, THE DISSOLVED INORGANIC PHOSPHORUS FLUX IS, F6.3,&

&/1X, THE DISSOLVED TOTAL PHOSPHORUS FLUX IS, F6.3)

STOP
END

SUBROUTINE OF CRANK-NICOLSON METHOD

SUBROUTINE CRANKL(NX,N1,DX,DT,MPRATIOA RATIOB,RATIOC,CW1)
DIMENSION CW1(101),RHS(101),A(101),B(101),C(101)

SETTING UP THE MATRIX
FIRST SET THE BOUNDARY CONDITIONSAT THE TOPAND BOTTOM ROWS

A(1)=-2.*RATIOA

B(1)=1.+2.*RATIOA

C(1)=0.0

IA(NX)=1.0

IB(NX)=0.0

IC(NX)=-1.0

DO 10 1=2,N1
A()=RATIOA/(L+2.*RATIOA)
B(l)=-1.0
C(1)=RATIOA/(1.+2.*RATIOA)

10 CONTINUE

IC
IC
IC

COMPUTING THE RIGHT HAND SIDE

RHS(1)=-1.*CW1(1)
RHS(NX)=CW1(NX)
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DO 20 1=2,N1
RHS(1)=(RATIOA/(1.+2.* RATIOA))* (CW1(I-1)+CW1(1+1))+(L.-2.* RATIOA-RATIOC* DT/MP)* CW1(l)
20 CONTINUE
IC
IC ADDING CONSTANTS TO RHSAND SUBSTRACTING FROM MATRIX
IC
IC SOLVING THE SYSTEM AND REPEATING FOR THE DESIRED NUMBER OF STEPS
IC
CALL TRDIAG(NLA,B,C,CW1,RHS)
RETURN
END

SUBROUTINE CRANK2(NX,N1,DX,RATIOA,RATIOC,RATIOD,EPC,CW1,CW2)
DIMENSION CW1(101),CW2(101),EPC(101), RHS(101),A(101),B(101),C(101)

IC

IC SETTING UPTHE MATRIX

IC FIRST SET THE BOUNDARY CONDITIONSAT THE TOPAND BOTTOM ROWS
A(1)=-2.*RATIOA
B(1)=1+2.*RATIOA

C(1)=0.0
IA(NX)=1.0
IB(NX)=0.0
IC(NX)=-1.0
IC
DO 10 1=2,N1
A()=RATIOA/(L+2.*RATIOA)
B(1)=-1.0
C(1)=RATIOA/(1.+2.*RATIOA)
10 CONTINUE
IC
IC COMPUTING THE RIGHT HAND SIDE
IC
RHS(1)=-1.*CW2(1)
RHS(NX)=CW2(NX)
IC
DO 20 1=2,N1
RHS(1)=(RATIOA/(1.+2.* RATIOA))* (CW2(I-1)+CW2(1+1))+&
&((1.-2.* RATIOA-RATIOD)/(1.+2.* RATIOA))* CW2(1)+(RATIOC* CW1(1)+RATIOD* EPC(I))/(L.+2.* RATIOA)
20 CONTINUE
IC
IC ADDING CONSTANTS TO RHSAND SUBSTRACTING FROM MATRIX
IC

IC SOLVING THE SYSTEM AND REPEATING FOR THE DESIRED NUMBER OF STEPS
IC
CALL TRDIAG(N1,A,B,C,CW2,RHS)

RETURN

END
IC
IC  SUBROUTINE OF TRIDIAGONAL SYSTEMS OF EQUATION
IC

SUBROUTINE TRDIAG(N,A,B,C,X,G)
DIMENSION A(500),B(500),C(500),X (500),G(500),BB(500)
IC TRIDIAGONAL SYSTEMS OF EQUATIONS ARE SOLVED BY GAUSS-
IC ELIMINATION. THE PROGRAM SOLVED IS MX=G WHERE M=TRI(A,B,C).
IC  N=NUMBER OF EQUATIONS SOLVED(UP TO 500)
IC FORWARD ELIMINATION;BB ISA SCRATCH ARRAY NEEDED TO AVOID DESTROYING
IC BARRAY.
IC
DO 10 I=1,N+1
BB(1)=B(l)
10 CONTINUE
DO 20 1=2,N+1
T=A(1)/BB(I-1)
BB(1)=BB(I)-C(I-1)* T
G(1)=G(1)-G(I-1)*T
20 CONTINUE
IC
IC BACK SUBSTITUTION
IC
X(N+1)=G(N+1)/BB(N+1)
DO 30 FN,1,-1
X(I=(G(I)-C(Y*X(H+1))/BB(J)
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30 CONTINUE
RETURN
END

WASP5
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WASP

WASP5
20 S2-
25 ( ) 80~120%
(SRM) (spiked) (MDL)
( )
29 bentonite
(particle size) (sedimentation)

8 6 7 )y )
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(kaolinite) (montmorillonite)
15 2 (N2)

(N2)

1 mg/L
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1 ug/cm2day
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33 7.

10 19

EL1/70

91/2

ORP

ORP

ORP
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MINEQL+

Minteq

3
Al

gibbsite

23
2mm-53um
66 67

(Hg)

20%

1.0E-2 ug/cm2day

allophane gibbsite Si

AI(OH)3
38um
53um-2um < 2um

45 46
(As)

gibbsite AI(OH)3

16-38um

20%
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17 CDB 22

17 CDB

BOD

Mass Blance

40-50
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