DCS Solutions

Sipaulovi Wastewater Treatment System


Project Statement:

The Hopi village of Sipaulovi, located in Second Mesa, Arizona, has requested a design for a constructed wetland.  The purpose of the constructed wetland is to provide wastewater treatment for the entire village of Sipaulovi, including any future development that may happen in the area.  Currently the village intends to expand their residential area, increase attendance at their school, and to develop an area of Sipaulovi into a strip mall and gas station.  The village expects that with the new development the population of Sipaulovi will at least double, and possibly triple.

Sipaulovi currently has lagoon-type wastewater treatment at three locations within the village.  These lagoons are operational and effective, however there are some odor issues, which the village hopes to remedy by constructing a single wetland to replace the three lagoons.

The client requests that the constructed wetlands be designed for a location approximately 3.5 miles from the existing wastewater treatment system.  This project goal will be fully investigated and developed, however, DCS Solutions will also propose to the client two alternatives, which address the following issues:

· Locating the treatment system closer to the village’s existing two lagoons

· Lower cost due to reduction in pipe and excavation requirements

· Minimize number of pumps needed in the system

· Odor control methods, such as covered treatment

· Incorporation of the existing lagoons into the design

The three methods which DCS Solution will further investigate for this design are the standard constructed wetlands (as requested by the client), a subsurface constructed wetlands, and an aeration basin (modifications to the existing system).  Each system will be considered at the client’s proposed location, and at a location nearer to the village’s existing system.  A basic overview of the three alternatives is presented below:

Free Water Surface Constructed Wetland (standard)

A Free Water Surface (FWS) constructed wetland (CW) is sometimes known as surface flow constructed wetland.  A FWS constructed wetland is an artificial wetland where the water level is above the ground level, or the surface of the water is exposed to the atmosphere.  FWS CW can be designed to be vegetated fully or partially.  The partially vegetated CW is more commonly called an open area FWS wetland because the water surface is more open to the atmosphere than its other FWS counterpart. 

The performance of both open area and fully vegetated wetlands can be varied greatly, according to the EPA’s Constructed Wetlands Treatment of Municipal Wastewaters Manual, 2000.  Much of this variance is dependant of the region in which the constructed wetlands is located.  Regions can vary in climate, topography, wastewater characteristics, supported vegetation, and other factors.  The performance of a FWS CW can be enhanced through an appropriate design strategy and proper planning.  All well-planned, well-designed FWS CW’s have the ability to meet the EPA’s water quality standards most of the time.

Like all other treatment systems, FWS CW have flaws.  A FWS CW will require a few years to develop the desired vegetation density and litter which are essential for the bio-chemical process, before it can reach it’s full treatment potential.  FWS CW also requires a large parcel of land.  In comparison to the other types of CW system (the vegetated submerged bed CW), FWS CW requires more structures and control mechanisms. Due to the open water surface, it is an optimal breeding site for nuisance species such as mosquitoes.  The overall cost of FWS CW is, however, lower in general compared to the other CW methods, due to fewer requirements on technical maintenance.
Subsurface Flow Constructed Wetlands

A subsurface flow (SSF) wetland is an area of land where the water level is always near the surface of the substrate, but rarely above it.  These wetlands have many names, including: vegetated submerged bed, root zone method, microbial rock reed filter, and plant-rock filter system.  (Handbook of constructed wetlands, pg 13)  These wetlands have many waste-reducing applications, and are highly effective in reduction of overall BOD within a municipal waste stream.  A constructed subsurface wetland is generally designed as a pair of lined cells, which are filled with a substrate, such as gravel or sand.  The porosity of the substrate used determines the residence time and size of the wetland cell.  Subsurface flow is not recommended for wastewater with a high solids loading, which could easily clog the substrate.  Before entering the first cell, the wastewater has generally undergone primary treatment to settle out the larger solids.  The first cell allows for horizontal flow of the waste stream through the substrate, and is planted with hard-stemmed aquatic plants.  The hard-stemmed plants are designated as plants which force oxygen down to their roots.  These plants create an aerobic zone within the cell, where the waste stream undergoes aerobic treatment.  The wastewater flows to the second cell, where “soft-stemmed” aquatic plants continue to remove nutrients, but do not force oxygen to their roots, providing for anaerobic zones of treatment.  Water from these cells evaporates, or evapotranspirates into the atmosphere.  If the region of installation allows discharge into the native soils, discharge would occur from the second cell.

Subsurface wetlands, if designed, maintained and operated properly, reduce odors associated with waste streams, reduce the possibility of vectors, and reduce the possibility of mosquito over-population.  Subsurface flow, however is generally more expensive to construct than a surface-flow wetland, and generally takes a greater sized parcel of land.

Well-maintained constructed wetlands are aesthetically pleasing, create wildlife habitat, and provide an element of flood-water storage.  

A fair amount of gardening is required to maintain the plant balance of the subsurface constructed wetlands.  Hard-stemmed plants, given the ability, will predominate the planted areas.  These plants must be trimmed back and not allowed to vegetate the soft-stemmed plant area, in order to maintain the treatment efficiency of the wetlands.

Aeration Basin
As stated earlier, the existing wastewater treatment system at Sipaulovi adequately treats the sewage.  However, the centralization of the WWT system is an objective of not only the community, but the Indian Health Service.  The design of a larger facility that centralizes the treatment, and uses evaporation and infiltration to treat the wastewater, is summarized below.

Since the design is also for future demand, the lagoons/ponds will be larger.  In addition, the ponds will be constructed in parallel.  This is because one pond will be offline to allow evaporation, removal of sludge, and servicing of the infiltration zone, respectively.  The types of lagoons to be used are facultative ponds.  That is, the bacterial reactions include both aerobic and anaerobic decomposition (Hammer & Hammer, p. 406).  To combat potential odor problems, the use of lime is being studied. 

The climate at Sipaulovi is dry, with winds averaging 7 mph throughout the year (www.wrcc.dri.edu).  The coldest month is January, with an average minimum temperature of 16.2° F.  The average maximum temperature for the same period is 43.3° F (www.weather.gov).  Given the arid conditions, and using enough surface area, evaporation may also be used to dispose of the wastewater.

To treat the wastewater effectively, the soil in the unsaturated zone has to be aerobic and medium-to-fine textured (2 to 5 ft.) in thickness, with a neutral pH.  Minimum groundwater separation distance is 4 ft (EPA/625/R-92/005).  From the Soil Conservation Service website, the soil is loamy sand (up to 5 ft. depth).  In addition, the water table is at least 300 ft. from the original ground surface (Truini).  From field inspection, the project site has not been commercially developed.  After consultation with IHS environmental consultant Mike Stover, DCS will determine if the soil characteristics given can be applied to soils below 5 ft.

Other reasons to consider a lagoon treatment system instead of a CW are:

· Low O & M

· Does not require highly skilled labor to operate the system

· The land requirements can be met 

Design Alternative Strategy: 

The best wastewater treatment solution for the village of Sipaulovi will be one that minimizes cost, odor, maintenance, and operating requirements.  The system should also be environmentally sound with regard to vectors, and any possible discharges from the treatment site.  

Our client will be provided a cost estimate of the three alternatives, along with a statement of advantages and disadvantages for the treatment type. The ultimate approval will come from the Hopi village Elders, and their spokesperson, George Mase.  
Preferred Design:

Oswald system (Advanced Integrated Wastewater Pond System) with evaporation channels, and free-surface constructed wetland. 

Explanation:

Alternatives from our 30% proposal were presented to our client at a Sipaulovi Village Board of Directors meeting on March 31, 2007.  The alternatives were a facultative lagoon or an Oswald system.  Only the Oswald system alternative was capable of incorporating a constructed wetlands.   Our client made it clear to us at the board meeting that a constructed wetland is the preferred method of treatment.   A constructed wetland was not the method recommended by Indian Health Service (I.H.S.), however this design is intended to appeal to the desires of the client.  

The Oswald has the potential to have a constructed wetlands incorporated into the design, where the lagoon does not.  The potential for water reuse is also available with the wetlands design.  The Oswald system has been introduced in similar communities within the region, and has shown great reduction in BOD and settleable solids, as well as low operation and maintenance requirements.  It has been shown that the Oswald system is capable of treating wastewater streams for greater than 25 years with negligible accumulation of solids (Stover, 2007).  The smaller surface area of the Oswald, as well as its treatment capacity is less likely to produce odors, or create vectors.  

Although the Village of Sipaulovi has a large availability of land, the Oswald alternative will reduce the amount of land necessary for treatment, thus preserving a portion of the natural terrain and beauty of the area.  Once the waste stream is delivered to the treatment site, mechanical transport is not necessary.  The system should flow by gravity without the use of pumps, so there is no electrical cost, or pump maintenance necessary.

Calculations:

The design flow calculations were developed by using well-water usage figures for the village.  It was assumed that the amount of water flowing into the village would equal the amount of wastewater flowing out of the village.  

The current wastewater system handles 23,000 gallons per day.  The expected future demand is 63,000 gallons per day.  

Calculation of the design flow is shown in Appendix A.

The area required for a lagoon treatment system (1.3 acres) is approximately 3-times the area requirements for an Oswald system (0.42 acres).  (See attached Excel printout for Oswald calculations, and hand calculations for the lagoon system, Appendix B.)

Schedule of Activities to be Completed:
April 6th – 
Group meeting at Civil Design & Engineering to complete 60%, and to begin drafting

April 7th – 
Continue work on drafting and begin website and poster

April 9th - 
Group work, finalize computations, obtain approval from George Mase

and compile questions for Mike Stover

April 10th –
Meeting with Mike Stover in Pinetop to discuss final design layout and to 

check calculations and assumptions

April 13th - 
Group meeting to begin 90% proposal, cost estimate and presentation

April 14th - 
Finalize 90%, finalize drafting, finalize website and poster

April 17th - 
Website and poster due

Week of April 16th through April 20th – work will be scheduled as needed to complete 

entire design by Friday, and will be presented to the client

Week of  April 23rd through April 27th -  Comments from client will be incorporated into 

the final presentation.  Rehearsal for Capstone presentation will be done all this week.

April 27th - 
Capstone presentation.

Construction Cost Estimate Assumations:
The Engineer’s Construction Cost Estimate will be calculated based on cost of construction for Indian Health Service’s past projects in the area.  A list of cost per construction item will be obtained from Erika Schoen at I.H.S. and will be the basis of estimation.  All estimates will be based on the assumption that the work will be contracted out, although it is possible that the client will assume some of the labor and thus reduce the overall cost.  The client’s involvement in the construction will not be considered in our estimate, in order to give a conservative estimate.
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