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1.
Introduction

The WETLAND model has been designed with the purpose to have an instrument capable of simulating the significant nutrient removal processes, their interrelationship, and their effects on the river water quality. 

2.
The Model

The WETLAND developed by DHI is an integral part of the Water Quality (WQ) model. This means that river branches with adjacent flood plains, and selected branches that constitute a wetland area, can be modeled explicitly with WETLAND - in parallel with WQ modeling for conventional river branches. 

Branches that shall be modeled with WETLAND (substituting WQ) can be specified and the threshold water level for which the WETLAND processes shall be activated. 

This means that is possible within the same simulation to simulate WQ in the open river channel and WETLAND in the adjacent flood plain areas. 

The integration works in the following way: In each time step, the branches that are defined as Wetlands will be activated. If the actual water level is below the specified wetland flooding level, there will be no impact on the river water quality from wetland processes. Should the actual water level exceed the wetland flooding level, the WETLAND calculations will influence the river water quality proportional with the water volume that is in contact with the flood plains. The WQ processes will also be calculated and affect the river water quality with the water volume representing the open channel part in the cross-section.
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FIG 2.1: WETLAND integration with WQ

The WETLAND model embraces 4 components in the water phase (NH4-N, NO3-N, PO4-P and Particulate-P) and 8 attached to the sediment/peat (plant N/P biomass, labile N/P organic matter, stabile N/P organic matter, immobile N and adsorbed N). 

In the WETLAND model, which is a relatively simple model, both aerobic (assumed to occur in a constant oxic microzone) and anaerobic processes (in the saturated zone) are simulated, e.g. nitrification is modeled in the aerobic zone while denitrification takes place in the anaerobic zone. Uptake and mineralization of nutrients together with immobilisation/adsorption processes and sedimentation/resuspension of particulate matter are also modeled. The modeled processes are illustrated in fig. 1.1 
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FIG 2.2: The WETLAND model 

The biological/physical system described in the WETLAND model consists of coupled processes where changes in one component could influence other components depending on the biological/chemical reactions. The model describes 4 components or variables in the water phase, all which are coupled to the transport/spread simulation from the AD module. See table 2.1. 

Table 2.1: The four model components in the water phase

	Component
	Description

	AMMONIA
	NH4-N concentration in surface water

	NITRATE
	NO3-N concentration in surface water

	PHOSP. DISS.
	PO4-P concentration in surface water

	PHOSP. PART.
	Particulate-P concentration in surface water


These four components are identical with the components for nutrients applied in WQ model level Nos. 3, 4 and 6. This also implies that WETLAND only can be activated at model levels Nos. 3, 4 or 6. Phosphorus processes are as in the WQ model optional. 

In addition to the four water phase components 8 more components in the sediment/peat are modeled which do not need AD specifications as they not are transported in the water phase (stationary variables). Initial conditions, however, must be specified. The stationary variables are described in table 2.2.

Table 2.2: The stationary variables in the wetland model

	Variable
	Description

	PLANT-N
	The plant biomass per area expressed in nitrogen

	LABILE ORG-N
	The concentration of fast degradable (labile) organic matter per volume sediment/peat expressed in nitrogen

	STABILE ORG-N
	The concentration of slow degradable (stabile) organic matter per volume sediment/peat expressed in nitrogen

	ADSORBED-N
	The concentration of adsorbed ammonia in peat (per volume sediment/peat)

	IMMOBILE-N
	The concentration of microbial (immobile) nitrogen in peat (per volume sediment/peat)

	PLANT-P
	The plant biomass per area expressed in phosphorous

	LABILE ORG-P
	The concentration of fast degradable (labile) organic matter per volume sediment/peat expressed in phosphorous

	STABILE ORG-P
	The concentration of slow degradable (stabile) organic matter per volume sediment/peat expressed in phosphorous


In the '<file>WQAdd.res11' (additional output) file you will find the simulated value of these eight stationary variables together with miscellaneous aggregated values. 

3.
Wetland General

This feature offers the possibility to include wetland processes for selected branches, and to define some general parameters: 

Sediment thickness
An empirical parameter for the relative influence of sediment/peat processes (adsorption and immobilization of NH4-N) on the water quality. The sediment/peat processes calculated per volume sediment/peat will be corrected for the specified sediment thickness. The parameter can be interpreted as the mean depth for the horizontal surface water flow through the peat. 

Depth when completely flooded
A parameter for the highest point of the wetland area relative to the surface water level. If the value is zero then the surface water always covers the wetland area 100% regardless of the actual water level, whereas a value greater than zero means that the coverage will be less than 100% if the actual water level is greater than the value of the parameter. The actual coverage will be calculated during the simulation. The coverage determines the impact of the biological processes on N and P concentration, e.g. 50% coverage imply 50% impact etc. In the model, hilly wetland areas will thus have a low influence on the water quality compared to a more flat area, if the same amount of water is flowing through the wetland. 

Temperature coefficient
The value of 'teta' in the Arrhenius temperature function. The same function is used for all temperature dependant processes in the model. 
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Figure: General wetland parameters

4.
Wetland Nitrogen 

This feature offers the possibility to specify parameters for wetland nitrogen processes, all applied globally:

Maximum nitrification rate
Max. Production rate per m2 at 20º C 

Half-saturation concentration, nitrification
Km in the Michaelis-Menten expression 

Maximum denitrification rate
Max. Respiration rate per m2 at 20º C 

Half-saturation concentration, denitrification
Km in the Michaelis-Menten expression 

Mineralisation rate, labile pool
1st order decay of fast degradable (labile) organic matter in sediment/peat at 20º C 

Mineralisation rate, stabile pool
1st order decay of slow degradable (stabile) organic matter in sediment/peat at 20º C 

Immobilisation rate
The immobilisation rate per m3 (microbial uptake) of NH4-N in the sediment/peat at 20º C 

Half-saturation concentration, immobilisation of NH4-N
Km in the Michaelis-Menten expression 

Microbial mortality rate
1st order mortality (dead rate) of microbial biomass at 20º C 

N-adsorption capacity
Adsorption capacity (mass per volume sediment/peat) of NH4-N in the sediment/peat. The adsorption is reversible. 

Half-saturation concentration, adsorption of NH4-N
Km in the Langmuir adsorption expression 

N-Adsorption rate
1st order rate, N-adsorption at 20º C 

The yearly N Plant production
The aggregated yearly uptake of N in plants, mass per area. The seasonal distribution follows a latitude-dependant sun radiation formula 

Ratio of dead plant material to labile
The ratio of fast degradable (labile) organic nitrogen in plant material. 
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Figure 4.1: Wetland Nitrogen parameters

5.
Wetland Phosphorus 

This feature offers the possibility to specify parameters for wetland phosphorous processes, all applied globally: 

Half-saturation concentration, adsorption of PO4-P
Km in the Michaelis-Menten expression 

P-adsorption rate
The (irreversible) P-adsorption rate per area to the sediment/peat 

Mineralisation rate, labile pool
1st order decay of fast degradable (labile) organic matter in sediment/peat at 20º C

Mineralisation rate, stabile pool
1st order decay of slow degradable (stabile) organic matter in sediment/peat at 20º C 

The yearly P Plant production
The aggregated yearly uptake of P in plants, mass per area. The seasonal distribution follows a latitude-dependant sun radiation formula. 

Ratio of dead plant material to labile
The ratio of fast degradable (labile) organic phosphorous in plant material 

Sedimentation rate, max.
1st order rate, max. sedimentation, for particulate-P. The maximum rate is applied when the plant biomass reaches its optimum 

Sedimentation rate, min.
1st order rate, min. sedimentation, for particulate-P. The minimum rate is applied when the plant biomass reaches its lowest value 

Resuspension rate 
Rate of resuspension, Particulate-P (mass per area per time) 

Critical flow velocity
Value for the critical flow for resuspension/sedimentation of Particulate-P, i.e. velocity above this value implies that resuspension takes place. For velocities below the critical value, Particulate-P will undergo sedimentation.
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Figure 5.1: Wetland Phosphorus parameters

6.
Wetland Components 

This page offers the possibility to specify initial conditions (global values only) for the eight stationary variables: 

Organic-N in peat, e.g. kg/m3
The concentration of total-N (labile and stabile) in uppermost part of the sediment/peat, i.e. part of the sediment core, which affects the quality of the surface water 

Ratio of stable organic N
The initial ratio of slow degradable (stable) organic nitrogen 

Organic-P in peat, e.g. kg/m3
The concentration of total-P (labile and stabile) in uppermost part of the sediment/peat, i.e. part of the sediment core, which affects the quality of the surface water 

Ratio of stable organic P
The initial ratio of slow degradable (stable) organic phosphorus 

Adsorbed-N in peat, e.g. kg/m3
Initial adsorbed NH4-N in the sediment/peat 

Plant-N, e.g. g N/m2
Initial plant N biomass 

Plant-P, e.g. g P/m2
Initial plant P biomass 

Immobile-N in peat, e.g. kg/m3
Initial immobilized N in the sediment/peat. 
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Figure 6.1: Initial Values for the wetland.

7.
Model set-up

In order to improve the water quality in the Ten Mile canal, it has been proposed to build a wetland parallel to the canal. A structure will be implemented to control the inflow to the wetland. The main purpose of the wetland will be to remove nutrients by increasing the retention time and thereby increasing nutrient sedimentation, decay, and uptake in plants 

This scenario will analyze the removal effects of a 15-20 acre wetland. The Dimensions has been estimated to be 900mX100m with a max water depth of 1.5 meters

The control structure have in the model been designed according to the following criteria:

· 0-5 cfs all flow remains in Ten Mile canal

· 5-15 cfs flows are led through the wetland

· Flows above 15 cfs are led through the Ten-Mile Canal 

The removal efficiency is calculated in relation to the reference situation

The new network layout is shown in figure 7.1.
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Figure 7.1: The river network including the new wetland.

8.
Results
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Figure 8.1: Changes in BOD in the wetland

The impact of the wetland can clearly be observed in figure 8.1. The BOD concentration will be decreased by around 40%. 
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Figure 8.2: Changes in ammonia in Ten-Mile Canal

During the dry season the ammonia concentration will stay the same, due to the fact that only a small discharge is led into the wetland. As was the case for BOD, the ammonium concentration will also be decreased significantly due to increased uptake in plants and decay by bacteria. 
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Figure 8.3: Changes in NOx in Ten-Mile Canal

NOx displays the same pattern as ammonia, but has a more moderate impact during the wet-period and no effect during the dry. An important factor here is the de-nitrification, which remove N from the water body into the atmosphere.
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Figure 8.4: Changes in Ortho-Phosphorus in Ten-Mile Canal
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Figure 8.5: Changes in Particular-Phosphorus in Ten-Mile Canal

Contrary to the inorganic nitrogen components the impact on the ortho-phosphorus and Particular P concentration is relatively small. One reason might be that re-suspension and sedimentation is included in the phosphorus cycle and not in the nitrogen cycle. This means that O-P and PP can be re-introduced if the flow velocity in the wetland exceeds a critical level. This factor should be investigated more closely.

Total mass deduction in the wetland can be observed in table 8.2.

Table 8.1: Mass deductions in the wetland.
	Parameter
	 Wetland -Inlet 

 [kg]
	Wetland - Outlet

[kg]
	Removal

[%]
	Retained

[kg]

	BOD
	5067
	3629
	46%
	1078

	NOx
	426
	290
	32%
	136

	NH3
	206
	91
	44%
	115

	O-P
	364
	321
	12%
	43

	PP
	81
	65
	20%
	16

	T-P
	698
	567
	18%
	131

	T-N
	2506
	1723
	32%
	782


Total mass deduction, calculated as the mass flowing through a cross section located down stream from the wetland, is presented in Table 8.2. 

Table 8.2: Mass deductions in the Ten-Mile canal. Observation point is located down stream from the Wetland.

	Parameter
	Reference [kg]
	Scenario 1 [kg]
	Dif [%]

	BOD
	40300
	25096
	38

	NOx
	3502
	2133
	40

	NH3
	2295
	931
	60

	O-P
	1982
	1441
	28

	PP
	433
	324
	25

	T-P
	4430
	3019
	32

	T-N
	20706
	12349
	40


To compare with other studies it can be mentioned that in Harpers study, Reference 3, pollutant removal. it is reported that on an annual basis , wet retention systems provide approximately 40% removal of total nitrogen, 50% for total phosphorus, and 40% removal for BOD. For Ortho-phosphorus the measured treatment efficiencies ranged from 10-15%. The reason for this low efficiency for inorganic P may be that O-P and PP can settle upon the pond bottom and can be solubilized again into the water column, especially during storm water events. 

The phenomenon of resolubilization can be minimized by increasing the permanent pool depth a approximately 1.8 m or greater to isolate settled material.

It should be noted that the calculations have been made solely on literature values, which makes the actual figures inexact
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