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Spatial Modeling on Nutrient Reduction in The Wetlands 1. Con-

cepts and Methodology
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Abstract; The eutrophication problem of coastal seawater has been a serious hazard in the last two decades
in Eastern China. This problem is mainly caused by the nutrients like nitrogen and phosphorous from in-
land non-point sources. The purification function of natural wetlands at big river deltas provides a potential
solution to cut down nutrient input into the sea. The objective of this research is to develop a model to sim-
ulate the ability of nutrient reduction in the wetland system so as to evaluate to what extent the natural
wetland can be used as a treatment system for nutrient enriched river water. The study area is in the Liao-
he Delta,China,where the world largest reed marsh is located. The natural wetland is a multi-functional
landscape in biomass production and protection.water regulation,soil formation,coastline stabilization and
pollutant purification. The reed and canal system has a high reduction rate for many pollutants such as
COD, nitrogen and phosphorous. Besides,the reed marsh can also be used as a treatment system for oil
drilling water. Therefore, wastewater irrigation in the reed field should be encouraged to solve the water
shortage problem in spring.increase reed productivity and prevent coastal pollution.

Based on the field data collected during 1997~1998,spatial models are designed on a stepwise basis to
simulate the nutrient reduction function of the wetland in the Liaohe Delta. A series of analytical models
are established to describe the whole process from water input into the system to output into the sea. The
general model gives an overview of the system. The conceptual model incorporates the main objects and
factors into the system and gives a brief description of the main processes. The data model translates the

conceptual model into a workable system that can be realized within GIS. The simulation model contains
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two major subsystems:the canal system and the reed field. In the preliminary model,a non-linear regres-
sion model is established for the nutrient reducion in the canal system:
Coypy =— A X Inldist.) + B (A>0,B>0)

Where C(x,y) is the nutrient concentration value (in mg/l)of a canal point at a certain distance (dist. )to
the pumping station. A and B are linearly related to the nutrient input concentration (inload in mg/1) at the
pumping station:

A = C, X inload + C, (R} = 0.87,R} = 0. 95,n = 24)

B = (C, X inload + C,(R% = 0.78,R}% = 0.89,n = 24)
The values from C1 to C4 are obtained for nitrogen and phosphorous according to the retgression of field
experimental data.

On the other hand.the process model used for the reed field part is rather simple. Only a percentage
based reduction model is adopted due to lack of field data. In order to be able to make predictions for the
total nutrient reduction of the whole reed covered area,water data must be incorporated into the model.
Further improvement of the model will be done in the second part of this paper.

Key words :spatial modeling; nutrient reduction; estuary wetland; non-linear regression model
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Table 1 The pumping stations and irrigation areas

in the reed field of Liaohe delta

@

1d. © (m®/s) * @ (hm?)
1 Shengli & 7000 Shua;lgtaifRaoyang R.
12 Xidawan i 2800 Shua;lgtaifRaoyang R.
4 Shuguang 10-5 1600 Shua;lgtai—Raoyang R.
2 Wanjintan 296 19300 Shua;lgtaifRaoyang R.
2B Sanyi 12.5 4600 pling R.
2 Nanjingzi 20-0 2600 Daling R.
31 Hongta 6.0 1200 Paddy field
82 Liuhetang 136 1000 Paddy field
33 Xingsheng 21 4400 Shuangtai R.
i Daobazi 49 1400 Daliao R.
12 Xilaowan 49 800 Daliao R.

*

’

. (DName of pump. station, @ Pump.
speed ,3)Area controlled , @ Water source
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production categories based on expert judgment
Average (ki' ]1tm ) Weight
11 ( R verage production Valu(}
, 1) , Reed 7500 1. 00
6000 0. 95
° 1 3000 0. 85
s s 1000 0.70
, Cattail 0. 90
1997~1998 s s o
, o 6 1997 P
6 s s o 6
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Fig. 6 Measured data for TN and SRP during one of the irrigation periods (June, 1997).
o 1997~1998
Coypy =—AX1Indist.) + B (A>0, B>0) (D
sCaryy Jdist.” . A B
A = C, X inload + C, (R% = 0.87, Ry = 0.95, n = 24) (2
B = C; X inload + C, (R% = 0.78, R, = 0.89, n = 24) (3)
,C,~C, s “inload"” (mg/L), . 4
1) » 30

,  GIS , 11 o
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7.33 mg/L, 7 3

Table 3 The constant values used for non-linear

o

simulation model in the canals

TN ( ) SRP ( )
C 0. 0597 0.1230
' ' C, 0. 0987 —0. 0006
’ Cy 1.2717 1. 6003
o C, 0.2788 —0.0134

2.2

Pump ubadlon™%7 31

7 11 8§ 11
Fig. 7 Total nitrogen distribution in the canals con- Fig. 8 Total nitrogen distribution in the surface water
trolled by pumping station 11, based on non-linear sim- of reed fields controlled by pumping station 11
ulation s (mg/L) All values are in mg/L
s (mg/L) All values are in mg/L Darker area has higher value

Darker cells have higher value

s 1~3,

. 8

3 B , 140 _" ;

s, 80cm
30.4%,
. 30.4%
2 B
,80cm o 11
9.
9 ,80cm 9 11 80cm

Fig. 9 Total nitrogen distribution in the groundwater of
80cm in the reed fields controlled by pumping station 11
s (mg/L) All values are in mg/L

Darker area has higher value.
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s N Nutrient Ariables Range Average
¢ . ’ N TN Input TN (mg/L) 3.z22~l2.42 7.33
. 6000m
Canal. puri. —10%~55% 23.8%
° rate at 6000m
80cm
’ Reed. puri. 2.4%~72.5% 30.4%
s rate at 80cm deep
Input . e
R 11 SRP SRP (mg/L) 0.07%~0.235 0.14
6000m
’ Canal. puri. 13.0%~60.0% 40.9%
S rate at 6000m
80cm
o Reed. puri. 17.2%~51.7% 34.9%
rate at 80cm deep
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Fig. 10  Flowchart for the general nutrient reduction model in the Liaohe Delta. The left side shows the logical steps

and the right side provides the Arc/Info commands used corresponding to each step.
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