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Introduction

 Wetland hydrology is a primary driving force influencing wetland ecology and persistence, including chemical and biological dynamics of the wetland. Unfortunately, because of the complex environment of the wetland, there is still a great deal of uncertainty over the hydrologic budgets and hydrologic functions of different types of wetlands. (Carter, 1986). The most significant problems identified with created wetlands were improper water levels and hydroperiod. (Mitsch, W.J. and Wilson, R.F., 1996)

This paper try to review some researches on the hydrology of natural and constructed wetland and proposes the design principle in the constructed wetland.     

Wetland hydrology may be considered in the context of the hydroperiod, defined as the seasonal occurrence of flood and soil saturation (Hawk,L.L. and . Lipstein, A.P.,1999)

An understanding of the hydrologic cycle is necessary for effective long-term water resource management.  A hydrologic budget accounts for all the water that passes through the wetland including rainfall, surface flow, groundwater interaction and atmospheric loss through evaporation and plant transpiration.  Rainfall and surface flow were measured directly while evapotranspiration (ET) and net seepage were estimated using diurnal water level measurements. (Carr, D.W. and . Rushton , B.T.,1995)

Overall, there are some major hydrologic concerns in constructed wetland.

First,it need to estimate design flows:

· Determine current and future population (design flow). For example, determine how many people will be served during the life of the system. In general, the U.S.A EPA gives a range of 47-52 gallons per person per day(On –site Wastewater Treatment and Disposal Systems design manual)

· Characterization of wastewater flow:

    Decide whether this is high strength wastewater or whether it has been         

  diluted by high rates of infiltration of fresh water into the sewer system

· Characterization of freshwater (rainfall) flow

1) Short term—precipitation, storm event and evaporation 

Evaluate precipitation and temperature in different season especially the difference between summer and winter time, evaporation rate, stormwater event and frequency.

precipitation; including  1,2, 5, 10-year 24 hour storm water events, and dry or rainy season rainfall(Ogden,M.H. 1999) 

2)Long term: Climate Change and wetland design

There have already been some important systematic changes in the earth’s climate. Climate models consistently project an increase in global mean precipitation of between 3 and 15 % for a temperature increase of 1.5 to 3.5 C (Schneider et al. 1990; IPCC 1996b) The hydrologic system—an integrated component of the earth’s geophysical system---both affects and is affected by climatic conditions. Change in temperature affect evapotranspiration rates; cloud characteristics, soil moisture, storm intensity, and snowfall and snowmelt regimes. Changes in precipitation affect the timing and magnitude of floods and droughts shift runoff regimes and alter groundwater recharge characteristics. (Gleick, P.H.1998) Most of the Constructed wetland are designed for 20—25 years life time. But if we want to consider to sustain the wetland’s ecosystem longer, we might need to consider how is the frequency and maganitude of rainfall will influence  the constructed wetland site.  

For example, the climate change has already cause more severe trphoons, hurricanes, floods and draughts. So, if the drought and big storm water event are more often in the future, the design of the constructed wetland should consider the flood or drought frequency and adjust the design of the water budget in the constructed wetland.

Case study

1. Sweetbay Wetland ,Panama city, Florida

The wetland and watershed area studied for this project are located in Panama City, a coastal community situated on the waters of  St. Andrew Bay.  The project site, referred to as the Sweetbay Wetlands, receives its water from a small watershed with an area of about 27.4 hectares (69.4 acres).  The primary sources of surface inputs are from stormwater runoff; baseflow under saturated soil conditions, and direct precipitation.  Drainage to the wetland is almost entirely through man-made conveyances, including an open ditch and storm sewer system.

There are three main components of the hydrologic restoration plan for the project site as follows:

1.
Adjustment of site hydrology to a more natural condition;

2.
Adjustment of hydroperiod to sustain the growth of desirable wetland plant species and habitat; and

2. Increased detention time to increase water quality function and avoidance of flooding problems. . (Grande L. Marchman, P.E. 1999)

· Lesson from this case--Design Principle

If wetland want to serve the function of water quality and storm water management, it also need to copy natural condition and increase detention time for improve water

3. Acid mine constructed Wetland, Fabius, Alabama

This study examines effects of storm water drainage through the constructed wetland by effluent water quality. The most important storm-related responses of constructed wetlands are the maximum concentrations reached during the storm. So, the time the peak occurred within the storm need to be included, as well as type of storm, to identify factors that cause water increase. This study found the most important storm characteristics appear to be the rainfall intensity and the flush mechanism. (Taylor, H.N.Vhoate, K.D., Brodie, G.A. 1993)

· Lesson from this case: Design Principle-
       Consider the storm water peak and design flush mechanism during the storm          

       water event 

3.Herbaceous wetland: stormwater treatment site was studied at Hidden River Corporate Office Park in Tampa, Florida (Carr and Rushton, 1995)

In this research, a hydrologic water budget was calculated using measured flow data and estimates of evapotranspiration and seepage. The following conclusions were reached:

1)
The estimates of net seepage and evapotranspiration in the marsh are accurate on a quarterly basis (errors less than 7%) when checked against a mass balance equation.  

2)
Marsh evapotranspiration closely approximated the model (0.80 X pan evaporation) during the growing season  in the spring and fall but evapotranspiration was higher than the model during the summer months.

3)
Evapotranspiration from the marsh is greater than evaporation from open water lakes during the summer when air temperatures and solar radiation are highest.

4)
The marsh was a hydrologic buffer during dry seasons when seepage was highest.  Stormwater was stored during the wet season when seepage was minimal.

5)
Total annual rainfall input to the marsh approximately equaled marsh annual evapotranspiration loss.

6) On an annual basis, more water was lost from the marsh by evapotranspiration (41%) and seepage (31%) than by surface runoff (27%) .

Rainfall input that fell directly on the wetland contributed 47 percent of the total surface water volume to the marsh.

7)
Rainfall was a major source of inorganic nitrogen and zinc to the marsh.

8)
The event mean concentration of lead at the outflow exceeded current "hardness dependent" state water quality standards. Zinc, cadmium and copper concentrations exceeded current standards during 23, 2 and 51 percent of 35 storm events respectively.  The concentrations of these metals exceeded current standards because of the softness of the water in the marsh; standards are more stringent as water becomes increasingly soft. The marsh effectively reduced all pollutants normally associated with urban stormwater runoff on an annual mass loading basis.

9)
Pollutant removal efficiencies were generally better during the dry season than the wet season which was a function of the reduced discharge volume during the dry season.

Lesson from this case: Design Principle

1)Calculate the difference between different season, including dry, wet,and  plant growing season

2)Different plants will bring different evapotranspiration

3) Rainfall will change the rate of inorganic nitrogen or zinc in constrtucted wetland.

Wetland Shape and Hydraulic

The shape of Constructed Wetland cell in depend upon flow, topography, and ownership. Basically, If increase the distance wastewater travels, resulting in greater contact with treatment processes. So, early designs modeled natural water courses that tend to be long and narrow. When treating wastewater, this presented some problems.( Ogden, M.H. 1999)

Ogden analyzes organic solids settled out in the front of surface flow etlands in such concentrations as to cause odors. In the case of subsurface flow wetlands, the front end the gravel bed became clogged with solids, and the wastewater began to flow on the surface. This usually affected residence times and therefore treatment.

The reason for these problems is involved to different hydroluic load rate in different shape of the wetland. 

For example, there are 4 different shape of the wetland 
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Figure A 10 feet by 100feet 

Figure B 33.3 feet by 33.3 feet

Both have area 1000 square feet. If both figures have a depth of 2 feet, then their total volumes equal 2000 cubic feet (cf). If 200 cubic feet per day is introduced into each wetland then in 10 days the wetland will fill up and begin overflowing. Both wetlands have the same hydraulic retention time (10 days) and same hydraulic loading rate (0.2 ft/day)

Bur in Shape A, the 200 cubic feet must travel 100 feet in 10 days. In Shape B, the 200 cubic feet travel only 33.3 feet in days. Thus, in Shape B, the velocity of flow is 1/3 of Shape A. The slower the velocity of the water with suspended solid, the more likely that the solid will settle out. Thus, shape B is 3 times more efficient in settling solid. But more import thing is the vertical cross-sectional area at right angles to the direction of flow.

A  Avs= 2* 1o= 20 square feet; 

B  Avs=2*33.3=66.6 square feet

Figure B’s Avs is 3.33 times larger and therefore three times more capable of handling solids. So, if each wetland receive 200cf per day,

A Vertical HLR= 200/20=10/cf/sf/day; B Vertical HLR=22/66.6=3.33 cf/sf/day

Shape B is receiving only 1/3 the solids per square foot of vertical cross section. Thus, Shape A is more likely to clogging of the gravel bed in a subsurface flow constructed wetland, or to accumulate solids faster than can be digested aerobically in a surface flow wetland.

Design Principle: 

So, widely constructed wetland will perform better than long, skinny ones. But, if we consider shape C, the flow is evenly distributed. So, Ogden suggest Shape D—divided into 10 separate cells, disconnected and placed in ten different location in the landscape. Each cell can be constructed as needed.

Conclusion

From those researches, we can find the hydraulic efficiency of a constructed wetland is related to the site’s morphology, vegetation density pattern, and water balance, including precipitation and evapotranspiration. In the long run, constructed wetland, so- called simple technology or new science, need more and more environmental scientist, including hydrologist, chemicalist and ecologist provide more detailed research.     
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