Altamira Wastewater Treatment Project

Introduction

Proper wastewater treatment and collection is fundamental in a community to minimize disease, odor and environmental contamination. This is a central point in improving the health and environmental conditions in the community of Altamira located outside of the city of Altamira, Tamaulipas.  

The community of Altamira is comprised of five principal neighborhoods – Los Mangos, Las Fuentes, Martín a Martinez, Independencia Norte, and Tierra y Libertad. General living conditions in the community of Altamira present a high risk of vector-borne disease from lack of sanitation facilities (both wastewater and solid waste disposal) and lack of water for maintaining hygiene.  Current conditions are conducive to respiratory infections from smoldering solid wastes and soil erosion.  The community is on top of oil lines and amidst drilling rigs with signs posted every few feet warning of an explosion hazard.  Although this report addresses only a small portion of the problems facing the Altamira community today, it is a fundamental step in improving local living conditions.

Wastewater in Altamira

The type of wastewater system most adequate for a community is directly related to the quantity of water the community consumes. Communities with individual house connections to water use (and thus dispose) of much higher quantities of wastewater than those communities who must haul water to their homes. 

Altamira has some water, but not enough to supply the demand of the current population.  Water is brought in from the Altamira Municipality in small diameter tubing (probably less than 3” PVC) with very low pressure.  Public water supply faucets are located every few houses. Some people carry water from the spigots to their homes, while others connect a hose to the main water line and run it to their home.  Many houses have large cisterns (approximately 8m3) to hold water.   A local leader estimates that her household uses approximately 200 L/household*day.  The municipal government began improving the water system in Los Mangos in early 2002. A 15cm waterline with much greater pressure is serving parts of the community and some residents now have water inside of their homes. The 200 L/household*day water demand estimate will increase as more of the households become connected to individual household taps.
Gray water

In this document, gray water is considered water that doesn’t contain fecal material.  Bathing, washing and cooking principally produce gray water. Gray water frequently contains high concentrations of soap and oils. 

One of the households visited in Altamira directs the gray water to an open pit where it then infiltrates into the soil or is consumed by animals.  Many households let the gray water runoff the soil.

Black water

Black water, generally referred to throughout this report as wastewater, is principally excrement and urine.  Black water is collected in a pit latrine located at many of the local houses.  Some pit latrines were found to be in very poor shape, while others were very well constructed with concrete, pour-flush toilets, and incorporating a ventilation system to minimize odors in the latrine.  The depth of the latrines is between 3 and 4 meters, and in some areas the latrine fills with water in the rainy season.

Current and Future Wastewater Needs in Altamira

The current system presents many health hazards to residents of Altamira.  Most likely there is groundwater contamination due to pit latrines and subsurface oil lines.  In the wet season the pit latrines overflow, and thus attracts large amounts of vectors such as cockroaches, flies, animals and mosquitoes.  In many households gray water is also not disposed of properly.  Puddles of gray water also attract animals that may spread infection and a breeding ground for mosquitoes.  The current wastewater situation in Altamira is not only a health hazard for current residents, but does not also for growth in the community for future residents without serious health risk.

Wastewater Treatment Decision-Making Factors

Flooding

A primary factor in determining the best wastewater treatment option for the community of Altamira is flooding.  The lower part of the community frequently floods during the rainy season (September through November).  Pit latrines will overflow with flooding, and septic tanks may fill with water.  Flooding could also potentially cause problems with wetlands, lagoons and maturation ponds. In addition, flooding will cause problems which the sewer collection systems.  

The ideal alternative for Altamira will include a system that will result in minimal damage if flooding should occur.

Population Growth

A large obstacle for the communities is the high population growth rate.  The current growth rate is estimated at 4.5%, and the growth rate is expected to increase as access to electricity, water supply and wastewater are brought into the community.  

The ideal treatment system should be flexible in allowing for a very high number of new household connections. 

Educational Level/Community Organization

The sustainability of the wastewater treatment system is contingent upon the level of education of community members (in terms of using the wastewater system appropriately), and the level of organization (in terms of operation and maintenance of the system).

In order to assure sustainability, the ideal treatment system will require minimal responsibility of household members in caring for the system, and minimal maintenance requirements.

Economical Situation

The community of Altamira is comprised of low-income families.  Many people commute to the city of Altamira for work, while others rely on scavenging materials from the solid waste disposal site for reuse and resale. 

The ideal treatment option would allow current residents to afford the system, while also accommodating future residents.

Groundwater Level and Soil Type

Most of Altamira has a groundwater table level of between 0.5 and 1.5 meters below the surface, although this level varies from the wet season to the dry season.  The soil throughout the neighborhood is primarily composed of clay and loam.  Clay generally has a low permeability, which can result in pooled water after heavy rains as observed in the community during past site visits.  Fractures in clay soil can result in fast transport of soil contaminants to the groundwater table.  

The high groundwater table will cause minimal damage to the ideal system.  The relatively impermeable clay soil is beneficial in serving as a natural liner to any wastewater collection or treatment systems installed (e.g., septic tanks, wetlands).  However, the low permeability exacerbates flooding during the rainy season.

Gas Lines Hazard

Every few feet in the community of Altamira reads a sign “Warning.  Do not dig. Risk of explosion.”  The community is situated on top of lines used for transport of crude oil.

The ideal wastewater treatment option should require minimal excavation of land to reduce risk of explosion.

Examination of Wastewater Treatment Systems

Non-Conventional Systems

Latrines

Latrines are the most common and inexpensive alternative for on-site wastewater disposal. The basic concept of a latrine is a pit in the ground, covered by a concrete slab. The slab has a hole with a seat, which may be a concrete seat or a conventional toilet seat.  The seat needs to be protected, either by being enclosed or with a lid, so that vectors don’t enter the pit.

There are many variations on the pit latrine. Latrines range from composting latrines, to dry-pit latrines (in which no water is added) to wet-pit latrines (requiring the addition of water).  The composting latrines are aerobic and require a very high maintenance. The web-pit latrines use anaerobic digestion and require access to water, but minimal maintenance.  Both the composting latrine and wet-pit latrine may be re-used. Dry pit latrines are usually sealed after they have become full and don’t require connection to a water supply.

Septic Systems

Septic systems are commonly used in areas where pit latrines are not feasible owing to groundwater contamination, soil conditions or the close proximity of neighboring residents.  Septic tanks, unlike pit latrines, may last several years if taken care of properly.  In addition it is only feasible to use a septic tank if the community has a running water supply.  Most septic systems are located slightly below the ground, and consist of a single tank. The bottom of the septic tank should slope to collect solids, and the top of the tank should have an opening to allow for annual cleaning.  Baffles (or separate compartments) aid to prevent short-circuiting.  A screen should cover the outlet tube so that solids do not exit the system.  As oils cause problems in the fermentation process, a grease-trap may be added before the gray water enters the septic tank.  

Septic systems require a relatively high level of maintenance.  Aside from cleaning out the solids in the septic tank (or at least examining) annually and cleaning out the grease-trap weekly, care must be taken to not dispose of hazardous materials in the septic tank.  Although Reed (1988) estimates that a 3.785 m3 septic tank in a three-bedroom house in the US will only need to be pumped every 12 years, the frequency of septic tank cleaning is highly dependent on the care given to the system in addition to quality of the design, materials and construction of the system, and environmental conditions.

Effluent from the septic tank flows to one of the following

· An infiltration pit, located on the same lot as the septic tank

· An infiltration line, located on the same lot as the septic tank

· A sewage collection system.

Infiltration Pits (Sumideros)

The disposal of secondary effluents on land provides an economical alternative to traditional methods of tertiary treatment for small discharges.  Rich (1980) estimates that the filtering and adsorption behavior of soils may remove 85 to 99% of BOD in secondary effluents. 

Infiltration pits are generally located 1 to 3 meters down gradient of the septic system, but should be at least 5 meters from the residence.  The pit is usually about 1.5 meters in diameter, and 2.5 meters deep.  The walls are lined with large stones, and the bottom is filled with sand with a layer of gravel on top and large stones on top of the gravel.  The top of the infiltration pit is a concrete slap with an opening to allow for cleaning.  The top should be a few inches above ground so that rainwater will not pool around the infiltration pit. A ventilation pipe of 2” PVC covered with screen allows gases accumulating in the pit to be released.  

Gravity Leachfields (Zanjas Infiltrantes)

Gravity leachfields may be used instead of an infiltration pit when the water table level is too high to allow for an infiltration pit.  Septic tank effluent flows to a series of trenches, beds or perforated PVC pipe to allow for subsurface absorption.

This alternative, described by Reed (1998), is to construct trenches that are 0.3 to 1.5 meters deep and 0.3 to 0.9 meters wide. (pg 408). The bottom of the trench is filled with washed drainrock.  A 4” perforated distribution pipe is placed in the center of the trench and covered with more washed drainrock. On top of the drainrock is a layer of barrier material such as paper or fabric to prevent clogging of the perforated pipe.  A distance of 0.9 to 1.8 meters should separate each distribution pipe. 

Wastewater Systems with Collection 

An additional alternative to the septic systems with on-site effluent treatment (infiltration pit or infiltration lines) is connection to a collection system. In this way the effluent water from the septic tanks is collected, transported away from the homes, and further treated.  This type of layout may potentially allow for expansion of the system to incorporate more household connections.  

Septic Tank Effluent Gravity (STEG) Sewers

Septic tank effluent gravity (STEG) system, also known as small-diameter variable-grade gravity sewers, are recommended collection systems for use with septic systems.  In a STEG sewer network, small-diameter pipes from household sewer tanks (i.e., 10 cm PVC) connect to pipelines following along the edge of neighborhood streets, eventually combining into a sewer main, or large diameter pipe that transports the bulk of the septic tank effluent to a final discharge point.  The lack of solids in the septic tank effluent allows the use of relatively flat gradients with a minimum wastewater velocity of 0.45 m/s (Crites and Tchobanoglous, 1998).  Advantages of STEG sewers include smaller pipe size, shallower depth of burial, reduced overall gradients, and no access ports (manholes).  STEG sewers are well suited for the following conditions:

· Undeveloped areas,

· Undulating terrain,

· Shallow soil and groundwater.

To the extent possible, sewers are designed for gravity flow, however in some areas, it is not possible to design the entire sewer network at a downhill gradient.  Where high excavation costs make gravity sewers a prohibitive option, pressure sewers can be used in combination with or in place of gravity sewers.

Pressure sewers follow the same general design criteria as gravity sewers, but incorporating the use of a pump to force the wastewater uphill.  Due to the high operation and maintenance costs associated with the pumps, sewer networks are designed to optimize the use of gravity to the greatest extent possible.  The design elements of a STEG sewer network are presented later in the report.  

Conventional Sewers

Conventional sewers are designed to transport raw wastewater when homes are connected directly to the sewer network without any pretreatment (e.g., septic tanks, latrines).  Therefore, conventional sewer networks must incorporate larger pipes and greater slopes to accommodate the solid portion of the wastewater.  The primary advantage of installing conventional sewer networks is that all of the wastewater generated at a household is transported away from the home and outside of the residential area.  Conventional sewers are used in conjunction with flush toilets.  Typically gray water from sinks and showers is also collected in the sewer network.  The primary disadvantage of installing conventional sewers is the large capital cost associated with laying larger-diameter pipes and constructing a wastewater treatment plant to stabilize the wastewater prior to discharge into a natural system.  While more economic treatment systems (e.g., lagoons), are sometimes used to treat raw wastewater, conventional plants (i.e., incorporating activated sludge systems) are recommended to more completely stabilize the wastewater.  Plants treating raw wastewater at the least require electricity to operate mechanical mixers or aerators in a lagoon system. Additionally the operation of a treatment plant requires daily attention from technically trained staff.  

Treatment Systems for Collected Wastewater

The collected wastewater, whether from septic tanks or direct connection, must be treated prior to discharge into a natural waterbody.  Five types of wastewater treatment systems are assessed to select an appropriate system for the case study area.  The main characteristics of each system are briefly explained below.  Design criteria and characteristics of each system are provided in Appendix 1.

Subsurface Wastewater Infiltration (SWI) System

Subsurface wastewater infiltration systems are land application systems for wastewater treatment which are well suited for small flows (WEF, 1990).  Smaller versions of subsurface wastewater infiltration systems are similar to gravity leachfields used for septic tank effluent.  Large SWI systems have been increasing used in small communities for centralized treatment where wastewater flows do not exceed 2.2 L/s (WEF, 1990).  The SWI systems consist of three zones:  the infiltration zone, the unsaturated zone, and the saturated zone.  The primary treatment mechanisms of SWI treatment are filtration, absorption and biochemical reactions by soils of each zone.  The main advantages are lower capital and operation costs and little maintenance.  The disadvantage is that SWI system performance is difficult to predict and monitor since the system only relies on soil and its treatment capacity (WEF, 1990).

Lagoons

Lagoons are a low-cost alternative for the treatment of raw sewage. In addition, lagoons may be used to treat secondary effluents such as those from septic tank systems.  Lagoons are a viable option for the community of Altamira as they work well in warm climates, and in places where there is not sufficient economic means to install a more conventional treatment plant.  The basic design of a lagoon system is simple, although there are many variations on the system.  Lagoons may be purely anaerobic, facultative (aerobic and anaerobic), and aerobic (maturation ponds), and may be used effectively in series or in parallel.  

The basic design of a lagoon system consists of several ponds, ranging in depth between 1 and 5 meters, depending on the type of treatment desired.  The amount of treatment depends on how many lagoons are placed in series and the retention time of each lagoon.  The effectiveness of a lagoon is dependent on temperature, pH, solar radiation, and concentration of organics, nutrients and minerals in the water.  (IMTA, 2000)

Anaerobic lagoons are typically 2 to 5 meters deep, and are usually the first lagoon in the series.  This system requires high amounts of organic material so that bacteria that favor anaerobic conditions proliferate.  These systems function like open septic tanks, and are capable of greatly reducing the solids and BOD (IMTA, 2000). 

Facultative lagoons, generally between 1.2 and 2.4 meters deep, are characterized by aerobic conditions at the surface of the lagoon and anaerobic conditions on the bottom of the lagoon.  Facultative lagoons may be used to treat secondary effluents at a relatively low cost and low maintenance requirements. Although facultative lagoons remove large amounts of BOD, they are not very effective in the removal of pathogens and nutrients. (IMTA, 2000)

Maturation ponds are generally used to treat tertiary effluents, and are frequently placed in series after the facultative pond. The principal function of a maturation pond is to eliminate pathogens and nutrients.  These ponds are very shallow, between 1 and 1.5 meters, to prevent conditions from becoming anaerobic.  (IMTA, 2000)

A maturation pond is also designed to eliminate fecal bacteria and viruses in effluents from the subsurface-flow constructed wetland (SCW).  Maturation ponds are usually used as a final stage of the wastewater treatment process, and with proper design removals >99.99% of pathogens can be achieved (Mara, 1976).

Wetlands 

Constructed wetlands are treatment systems that emulate the ecosystem observed in naturally-occurring wetlands or marshes.  Specifically, the wetland systems are inundated land areas designed at a depth of 0.1 to 0.6 m and with slopes between 0 to 1% (Metcalf & Eddy, 1991), as shown in Figure 1.  The vegetation growing in the marshy environment (e.g., cattails Typha, bulrush Scirpus, and reeds Phragmites) assimilates contaminants in the wastewater through biological conversion, physical filtration and sedimentation, and chemical precipitation and absorption (Crites and Tchobanoglous, 1998).

Two different types of constructed wetlands are considered for the case study area, subsurface-flow constructed (SFC) wetlands and free-water-surface (FWS).  The primary difference between FWS and SFC wetlands is that the majority of the flow through FWS systems is above ground.  SFC wetlands are designed to transport the wastewater through the saturated media and the plant roots. 

Subsurface-Flow Constructed (SFC) Wetland 

The SFC system, sometimes called “the vegetated submerged beds system,” is essentially a lateral, subsurface flow filter (Martin, 1988).  The principal removal mechanisms are biological conversion, physical filtration and sedimentation, and chemical precipitation and adsorption (Crites and Tchobanoglous, 1998).  For SFC systems, a variety of plant species can be used for vegetative coverage.  Some of the most common plant species used in SFC systems include cattails, bulrushes, and reeds (WEF, 1990). The purpose of the vegetation is to provide oxygen into the root zone and add to the surface area for biological growth in the root zone.  The advantages of a SFC system are low capital and operation costs compared to conventional mechanical treatment systems, smaller land area requirements, and avoidance of odor and mosquito problems compared with a free water surface constructed wetland system (Crites and Tchobanoglous, 1998).  Another advantage of SFC wetlands is that they require less space than a comparable FWS system.  The disadvantage is the potential for clogging of media, which would hinder the treatment efficiency and function of the system.

Free-Water-Surface (FWS) Wetland

Design criteria for FWS wetlands are similar to SFC wetlands.  FWS are typically slightly shallower with depths between 0.1 and 0.45 m (Crites and Tchobanoglous, 1998).  Additionally, while SFC wetlands are primarily used for wastewater that is partially pretreated (because raw sewage could clog the media), FWS have been constructed to treat both raw and partially treated wastewater.  The advantage of constructing a FWS rather than a SFC wetland is that the systems have a lower capital cost because media (up to 13,000 m3 of gravel or sand) does not need to be purchased for these open systems.  The primary disadvantage of FWS systems is that the open systems attract vectors such as flies and mosquitoes.  Additionally, the close proximity of the treatment system to the community makes the odors associated with an open wastewater system an important consideration.  For these reasons, FWS wetlands are not recommended for the community; however, if the inhabitants determine that the vector and odor concerns are acceptable, FWS wetlands should be considered as an economic and appropriate wastewater treatment system.

Conventional Treatment Plants

The selection of the treatment process to be used in a conventional system depends on the constituents to be removed in the wastewater, and the degree of removal.  A typical conventional wastewater treatment plant primarily uses the processes of screening, settling, mixing, aerobic digestion using activated sludge and chlorination.  During primary treatment the influent wastewater passes through a bar screen and a grit chamber for solids removal.  The water passes on to a primary clarifier to allow solids to settle and those with a lower specific gravity to rise.  During secondary treatment biological and chemical treatment processes are used to remove most the organic matter and suspended solids.  In aeration tank oxygen gas is bubbled through the wastewater to encourage bacterial growth, and the water passes to a secondary clarifier.  In the secondary clarifier the activated sludge is allowed to settle and the effluent is then chlorinated.  The activated sludge is then recycled back to the aeration tank.  Equally important is the sludge processing of a conventional system.  Sludge from both the primary and secondary clarifiers is subjected to anaerobic conditions in an anaerobic digester to reduce mass and pathogens.  The sludge is then dewatered and disposed of. (Metcalf & Eddy, 1991).

In a conventional system all the wastewater from a household is collected and taken to a treatment plant.  The conventional method of treatment requires electricity, pumps and a large amount of maintenance. Although the quality of water resulting from a conventional treatment plant is high, many communities with few resources cannot afford to maintain such a costly and complicated system.   

Recommended Treatment System Design for Altamira

Example design criteria for collecting and treating wastewater in the neighborhoods are presented in the following subsections.   This information is intended to serve as a tool in evaluating and designing the most appropriate sanitary infrastructure in the communities. 

After exploring the many options for the community of Altamira, The construction of septic tanks at each residence with a collection system built in ten years is a more equitable solution because the current costs, i.e. the construction of the septic tank, will be the paid for by each family receiving the benefit. In ten years, if population density is greater, construction of the collection will be distributed over a larger number of families with far less problems of adjusting for future residents. There will at that time still be the need to charge future residence a buy-in fee.

Flow Criteria

The design of the wastewater collection and treatment systems is based on the quantity of wastes generated, which has been found to be related to the amount of potable water used.  A local leader estimates that her household uses approximately 200 L/household*day.  This water demand estimate is anticipated to increase as the households become connected to individual household taps.  

The Instituto Mexicana de Tecnologia del Agua (IMTA) estimates that households receiving water at a patio tap consume between 40 and 100 L/person/day of water, with and average use of 70 L/person/day.  In the same report, IMTA predicts that households served at the home consume an average of 100 L of potable water per person per day.  Wastewater generation is assumed to be 80% of that quantity of water consumed, i.e., 80 L of wastewater generated per person per day.  According to the Comision Municipal de Agua Potable y Alcantarilllado (COMAPA) criteria, the wastewater flow is estimated from a higher water demand, 250 liters/capita/day, and 70% of this quantity is discharged into a sewer, i.e., 175 L wastewater generated per person per day.  

These two wastewater flow estimates provide a range of anticipated wastewater flow that would need to be accommodated in any constructed sewer system and treatment plant.  Specifically, the quantity of wastewater flow from each community is calculated as a range between 80 and 175 L/person/day in Table 1.  


Table 1. Wastewater Flow

	Neighborhoods
	Lots
	Inhabitants
	Water Demand
	Wastewater Flow

	
	
	
	Min.
	Max.
	Minimum
	maximum

	
	
	
	m3/d
	m3/d
	m3/d
	m3/d

	Los Mangos
	318
	1,590
	159.0
	397.5
	127.2
	278.3

	Las Fuentes
	306
	1,530
	153.0
	382.5
	122.4
	267.8

	Martin A Martinez
	595
	2,975
	297.5
	743.8
	238.0
	520.6

	Independencia Norte
	72
	360
	36.0
	90.0
	28.8
	63.0

	Tierra y Libertad
	56
	280
	28.0
	70.0
	22.4
	49.0

	Total
	1,347
	6,735
	673.5
	1683.8
	538.8
	1178.7


*Inhabitants: estimated from the average number of inhabitants of each household, five persons per household.

The last two columns of the table list the range of wastewater that will be generated in each neighborhood assuming all of the lots are inhabited by five-person households.  The quantity of wastewater generated per day throughout the next decade is anticipated to be much lower; many of the lots (87% in 2002) are currently vacant.  

The predicted wastewater flow values incorporate both gray and black water.  Therefore, for sewer lines designed to carry only the wastewater portion and not gray water, the systems will be conservative and allow for future gray water connections.

Wastewater Characteristics

Septic systems generate wastewater exhibiting lower contaminant loadings than observed in raw wastewater entering a conventional sewer system because the solid portion of the black water is collected, digested, and stored in the first compartment of the septic tank.  Table 2 lists average contaminant concentrations observed in septic tank effluents.

Table 2. Septic Tank Effluent Characteristics

	
	Estimated concentrations based on observed conditions*,+

	
	Average
	High
	Low

	5-Day Biochemical Oxygen Demand, BOD5 (mg/L)
	122.3
	214
	90

	Total Suspended Solids, TSS (mg/L)
	41.6
	117
	20

	Ammonia Nitrogen, NH3 (mg/L)
	10.73
	35
	0.08

	Total Nitrogen (mg/L)
	17.23
	110
	0.44


*BOD5 and TSS: from Reed et al. (1995), p. 397.

+Ammonia and Total Nitrogen: from WEF (1990), pp. 217-228. 
Wastewater collected in conventional sewer systems is typically comprised of both raw sewage and some gray water for homes in which water from the sinks and showers are discharged directly into the sewer network.  Concentrations for the four contaminants listed in Table 2 are generally higher than those observed in septic effluents.  In addition, the density of the wastewater is higher, which has important ramifications in designing the sewer system.  Specifically, sufficient slope must be incorporated to ensure that the wastewater will not clog the sewer lines.

Latrine

The two types of latrines that have been observed in the community of Altamira are the dry-pit latrine and the wet-pit latrine. These two systems are viable options for current residents of Altamira as they are low cost alternatives for on-site wastewater treatment.  

Both the wet-pit and dry-pit latrines volumes may be estimated using an equation outlined in the IMTA publication Manual de Deseño de Agua Potable, Alcantarillado y Saneamiento (2000).
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The parameter C is the design waste produced per person per year as estimated by IMTA for both wet and dry latrines.  P is the number of people using the latrine, and N the desired life of the latrine.

The latrines observed in the community of Altamira range from 3-4 meters deep, 2 meters wide and 2 meters long.  The volumes are approximately 12m3 to 16m3.  The above calculation yields a range of volumes for a five-year volume V5 and a ten-year volume V10.

	People in household
	V5*Dry

(M3)
	V10*Dry

(M3)
	V5*Wet

(M3)
	V10*Wet

(M3)

	3
	6.0
	12.0
	8.0
	16.0

	4
	8.0
	16.0
	10.6
	21.3

	5
	10.0
	20.0
	13.3
	26.6


Volumes greater than 16m3 are larger than volumes observed in the community.  For the case of 5 people and a 10-year life dry pit latrine, and 4 and 5 people and a 10-year life wet pit latrine, another option for wastewater collected should be explored.

Septic Systems

 Septic tanks allow wastes to infiltrate with greater ease than a pit latrine.  The design of a septic tank is flexible. The tanks can be designed for different levels of treatment, and may treat a variety of domestic wastewaters.  In addition, septic tanks can be built from materials found locally such as rock and brick.  

The two main components to a septic system are the anaerobic part (the impermeable tank) and the aerobic part (for effluent treatment).   The more compartments a septic tank contains, the better treatment.  A second compartment allows more setting of the low-density solids due to a reduced turbidity from entering water and a slower water velocity.   More than three compartments don’t dramatically increase the treatment capacity of a septic tank (IMTA,2000).  

Septic tank design as described by IMTA requires a minimum of a 1-day retention time. Septic tank volume should not be less than 1.89 m3.  The table below estimates septic tank sizes for a household of 5 people, a retention time of 1 day, using both the minimum and maximum wastewater discharge volumes (70% of 250 L/p*d and 80% of 100 L/p*d). 
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In the above equations to calculate septic tank volume, A is the wastewater discharge volume in L/p*d, N is the number of people in the household (assuming 5), t is the residence time (1-day), and ACollected is assumed to be 70 L/p*d.  This number is a margin used to allow for the accumulation of solids in the septic tank. Y is the years between cleanings. 

To calculate the dimensions of the septic tank, a height of wastewater, H, is assumed based on recommendations in the IMTA manual (pg 61).  The dimensions a (length) is 2.4 times b (width). The final height, Ht, is 1.25 times the height of the wastewater, H.
	Years
	residual water
	V1
	V2
	VTotal
	H
	b
	a
	Ht

	
	(L/p*d)
	(L)
	(L)
	(L)
	(m)
	(m)
	(m)
	(m)

	5
	175
	875
	1750
	2625
	1.7
	0.8
	1.9
	2.1

	5
	80
	400
	1750
	2150
	1.7
	0.7
	1.7
	2.1

	10
	175
	875
	3500
	4375
	1.7
	1.0
	2.5
	2.1

	10
	80
	400
	3500
	3900
	1.7
	1.0
	2.3
	2.1


Adsorption Pit

The IMPA Manual (page 57) provides guidelines for absorption pit calculation.  IMPA provides values of K, based on the time for 2.5 cm water to soak into the soil.  H is the depth of the adsorption pit in meters, N is the number of people using the pit and D is the diameter of the pit.
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The table below estimates the depth of an absorption pit based on two large K values and a 2-meter diameter for households of 3 and 5 people.  

	People
	K
	D
	H

	
	
	(m)
	(m)

	3
	4.5
	2
	2.1

	3
	2.25
	2
	1.1

	5
	4.5
	2
	3.6

	5
	2.25
	2
	1.8


While septic tanks are recommended at the present time there are strong disadvantages that must be considered. While the tanks are designed to be emptied every five years it may be beneficial to implement a scheduled maintenance plan to empty them at shorter durations to insure no sewage enters the STEG system. Emptying the septic tanks will become a large maintenance issue as the community grows. At 100 percent capacity there could be 1,350 septic tanks; if the tanks were cleaned every five years, this would mean 270 septic tanks would need to be cleaned each year. This would mean a tank would need cleaning for every workday. This is a very large responsibility for the municipality. An additional concern with septic tanks is the proper disposal of the sludge. The sludge should be handled and disposed of as active sewage.

Septic Tank Effluent Collection System

Pipe Selection and Network

Sewer networks are designed based on the number of people served (correlating to the volume of wastewater generated) and the topography of the terrain where the pipes will be placed. The following basic planning principles are considered for designing wastewater collection networks for the study area in order to minimize total project costs:

1. Determine where the wastewater will ultimately be discharged according to the topography of the area (the lowest point in the area should be the discharge point if possible),

2. Evaluate (survey) the elevation points in the area under consideration and measure lateral distances to calculate the required pipe lengths, 

3. Assess the most appropriate and efficient pipe placement that will serve all of the lots:

· to the extent possible, all pipes are placed according to gravity flow,

· total pipe length and quantity of excavation is minimized.  For vacant land where development is planned, but not started, sewer pipes are not installed.  Sewer lines will be installed when people occupy those areas (e.g., portions of Las Fuentes and Los Mangos).

· when possible sewer mains can be placed on every other road right-of-way. This configuration calls for the placement of a collection pipe between every other house that collects the flow from the houses fronting on two streets. Thus each collection pipe will collect the flow of four houses. This configuration greatly reduces the costs of the collection system.

· road-crossings are minimized.  Sewer lines placed under major roads have a higher probability of being damaged over time due to wear in the road.  Additionally, if the pipe is under a paved road, it is more difficult to access a broken or clogged section.

4. Calculate the pipe depths based on the design requirements (e.g. slope, depth below ground).

· As long as the slope is greater than 0.25, 0.2, and 0.1, for pipes of 10 cm, 15 cm, and 20 cm respectively, the pipes are placed following the slope of the existing terrain maintaining a 1.2 meters depth below ground level in all places to guard against disturbance from traffic.

5. During construction it is very important that the bed of the trench be level and brushed to the proper grade. The soil in the area is very rocky; any protruding rock will over time puncture the pipe. The grade is calculated to within a centimeter and the pipe should be placed to this level of accuracy.

Several constraints are followed to design a reliable pipe network.  Specifically, for a STEG sewer network, the pipes must be laid at a minimum depth of 1.2 meters.  Additionally, a minimum velocity, 0.45 m/s, is followed for selecting appropriate slopes when the terrain is relatively flat (Crites and Tchobanoglous, 1998).  Pipe sizes are generally selected according to the number of residents or equivalent dwelling units (EDUs) served.  As the wastewater is collected, smaller pipes are combined, and then transported in increasingly larger pipes.  Table 3 provides a summary of slopes and velocity values used for STEG pipe selection.  

Table 3. Slope and velocity at specified flows for various pipe sizes

	
	
	
	10 cm (4 in)
	15 cm (6 in)
	20 cm (8 in)

	EDUs
	Flow
	Slope
	Velocity
	Slope
	Velocity
	Slope
	Velocity

	
	Liter/min
	Gal/min
	%
	m/s
	m/s
	
	m/s
	m/s
	
	m/s
	M/s

	50
	95
	25
	
	
	
	
	
	
	
	
	

	70
	133
	35
	0.08
	0.26
	0.86
	
	
	
	
	
	

	100
	190
	50
	0.15
	0.37
	1.23
	
	
	
	
	
	

	150
	284
	75
	0.31
	0.56
	1.85
	0.05
	0.26
	0.85
	
	
	

	200
	379
	100
	0.53
	0.74
	2.46
	0.08
	0.34
	1.14
	
	
	

	250
	474
	125
	0.80
	0.92
	3.08
	0.12
	0.43
	1.42
	
	
	

	300
	569
	150
	1.13
	1.11
	3.70
	0.17
	0.51
	1.71
	0.05
	0.30
	1.01

	350
	663
	175
	1.50
	1.29
	4.31
	0.23
	0.60
	1.99
	0.06
	0.35
	1.17

	400
	758
	200
	1.92
	1.48
	4.93
	0.29
	0.68
	2.27
	0.08
	0.40
	1.34

	500
	948
	250
	2.90
	1.85
	6.16
	0.44
	0.85
	2.84
	0.12
	0.50
	1.68

	600
	1,137
	300
	
	
	
	0.62
	1.02
	3.41
	0.17
	0.60
	2.01

	700
	1,327
	350
	
	
	
	0.82
	1.19
	3.98
	0.23
	0.71
	2.35

	800
	1,516
	400
	
	
	
	1.05
	1.37
	4.55
	0.29
	0.80
	2.68

	900
	1,706
	450
	
	
	
	1.31
	1.54
	5.12
	0.36
	0.91
	3.02

	1,000
	1,895
	500
	
	
	
	1.59
	1.71
	5.69
	0.44
	1.01
	3.35


Equivalent dwelling unit (EDU): EDU is defined by the number of residents

Source: Crites and Tchobanoglous (1998), p. 356.

Sewer pipes should be placed below water lines in the situation that the potable water and wastewater lines cross or follow a similar path in close proximity.  This placement minimizes the potential for the wastewater to infiltrate into the potable water lines and contaminate the drinking water.  This design criteria is especially important when pumps are used to pull the drinking water uphill.  The suction force in the water lines serves as a positive sink for any wastewater leaking from the sewer lines.
Cleanouts

For a STEG system, cleanouts are used to provide access for cleaning instead of conventional access ports (manholes).  Hydraulic flushing is the most common method of STEG system.  Additionally, the pipes can be cleaned through the use of a pig - a device that enables you to push a cable through the pipe, and then pull a cleaning device attached to the cable back through the pipe, removing any material clogging the pipe.  Cleanout access ports are located at minor junctions on the mainline or at changes in pipe size and/or intervals of 150 to 300 m (Crites and Tchobanoglous, 1998). The cleanouts should be of sufficient diameter to allow for access to the pipes when necessary. The minimum depth to the top of the pipes is 1.2 meters so any maintenance activities would require access to that depth. This would likely require the cleanouts to be at least 24 inches in diameter. The placement of the cleanouts will define the type of lid required. If a cleanout is placed in an area that may have vehicle traffic it must be designed accordingly. In roadway areas manholes may be more appropriate as they are designed to withstand vehicle traffic.

Proposed STEG Pipe Networks

Two alternatives are presented recommended for collecting septic tank wastewater in the communities.

Alternative 1.  The wastewater treatment system will be constructed in the northeast corner of the dump (at its current location).  This placement enables taking full advantage of the slope of the terrain so that all the pipes can be laid as gravity flow sewers.  This option is particularly ideal because it avoids the use of a pump and minimizes excavation.   The pipes are placed on every other street, as depicted in Figure 2.  This design minimizes excavation and pipe requirements, while efficiently serving the entire population.  A map of the proposed sewer network is provided.

Alternative 2.  The wastewater treatment system will be constructed just to the northwest corner of Tierra y la Libertad.  The sewer network will be essentially identical to the system proposed for Alternative 1.  However, wastewater from Martin y Martinez, Independencia Norte, and Tierra y la Libertad will be transported to the southeast corner of the dump by gravity.  The sewage will then be PUMPED to the influent of the wastewater treatment system.  

Pumps.  If the wastewater treatment system is located on the northwest corner of Tierra y la Libertad, a pump must be installed to carry the wastewater uphill from Independencia Norte and Martin y Martinez.  The initial capital investment in a pump is high and pumps can only be used if there is electricity available.  Additionally, pump maintenance is critical.  If a pump fails, wastewater will begin backing up in the gravity sewer lines.  This can cause damage to the piping system that will cause continued leakage after the pump is fixed. After only a short amount of time, sewage may begin filling the septic tanks, since the wastewater is not being transported to the treatment system.  For this reason, purchasing a second backup pump may be recommended.  Additionally, an effective protocol should be established for quickly fixing the pump (i.e., within hours of failure) to prevent the greater disaster of backing up the entire sewer network. 

Placement of the wastewater treatment system on the northeast corner of the dump is STRONGLY recommended due to the pumping requirements necessitated by placing the wastewater treatment system uphill of Martin y Martinez and the high capital cost and maintenance requirements associated with pumps.  

If the dump location is not available, then Alternative 2 is designed as the most efficient network for transporting wastewater to the Independendencia Norte location.

Conventional Wastewater Collection System

Conventional sewer systems must be installed if raw wastewater is transported from the homes without any pretreatment.  As the population increases in the community, installing septic tanks or latrines at every home may become prohibitive.  In this case constructing a conventional sewer network and treatment system may be considered as a viable option for incorporating sanitary infrastructure.  

A conventional sewer could follow the same general network design as the two alternatives presented for STEG sewers.  The trenches would need to be excavated to a greater depth to allow for the larger diameter pipes used in conventional sewers, i.e., minimum 15 to 20 cm (Metcalf & Eddy, 1991).  Additionally, the slope of all the pipe segments would need to be re-evaluated.  To prevent deposition of solids, the minimum allowable velocity for conventional sewers is 0.6 m/s.  Manholes must be constructed in place of the smaller cleanout ports incorporated in the STEG sewer system.  Manholes are larger than cleanouts, and are historically constructed so that a man can enter the port for any maintenance requirements.    

Conventional sewer systems are recommended at the point that high population densities make installing individual septic tanks at each home both cost-prohibitive and infeasible from the standpoint of labor requirements for annually cleaning out each septic system.

Wastewater Treatment

Subsurface-flow constructed (SFC) wetlands are recommended to treat septic tank effluent from the community.  SFC wetlands are designed based on the wastewater flow, influent contaminant concentrations (e.g., BOD5, TSS, Nitrogen), desired effluent quality (e.g., BOD5, TSS, Nitrogen), and minimum ambient temperature.  Generally, the steps for designing a SFC wetland are:

1. Selecting a location for the system (NE corner of the dump or NW of Tierra y la Libertad),

2. Calculating the design flow,

3. Selecting a media for the system, and

4. Determining the desired effluent quality.

The wetland size is assessed by selecting a primary pollutant of concern, then the treatment system is designed based on the desired removal for the target contaminant.  The design detention time and size are used to estimate the effluent concentrations of other contaminants.  If the percent removal of other pollutants does not meet the desired levels of effluent quality, then the wetland design can be re-evaluated to provide sufficient treatment for the limiting pollutant.  

A preliminary design for a SFC wetland was prepared for this report; the design estimated parameter values are shown in Table 4 and the design calculations are presented below.  Specifically, the SFC wetland proposed for the community is designed to reduce the BOD5 concentration to a desired effluent value (30 mg/L).  


Table 4. SFC Wetland Design Parameters.

	Parameters
	Design value

	BOD5 influent concentration (mg/L)
	180

	Wastewater flow (m3/d)
	825

	Desired effluent BOD5 concentration (mg/L)
	30

	Slope
	1%

	Depth (m)
	0.3

	Minimum temperature in Altamira (oC)
	10

	Media
	Gravelly sand


BOD5 influent and effluent concentrations. The influent BOD5 concentration is selected from the average septic tank effluent BOD5 concentration presented in Table 2.  A desired effluent BOD5 concentration of 30 mg/L is chosen.  Generally, treated wastewater with a  BOD5​ of 30 mg/L can be discharged to a natural system without severely threatening the dissolved oxygen in the waterbody or the aquatic ecosystem.

Wastewater flow.  The wastewater flow is calculated based on the maximum wastewater flow when the community is 70% developed, i.e., wastewater is 70% of a water demand of 250 L/person/day (see Section 1.4.1), and there are 4,715 inhabitants when the neighborhood is 70% developed.

Slope. In the community, the slope for the proposed wetlands was estimated based on the terrain in the northeast corner of the dump.  Specifically, the treatment system is proposed such that the wastewater enters the wetlands from the south and flows north.  

Depth.  A 0.3 m design depth is selected based on the range of depths recommended in texts presenting SFC wetlands (Metcalf & Eddy, 1991).  

Minimum Temperature in Altamira (oC).  It is predicted that temperatures will not fall below 10oC in Altamira for more than a 24-hour period at a time.  However, this estimate may be re-evaluated with documented weather data for the region.  

Media.  The media selection has important impacts on the design calculations.  Specifically, the porosity, permeability, and empirical BOD5 decay rate constants associated with different media affect the sizing of the wetland.  Table 5 presents values for these characteristics for different media.  Gravelly sand is selected for the media to be used in the SFC wetland system.  Based on the regional resources, this media is assumed to be available and inexpensive.  Additionally, the media exhibits the most conservative BOD5 decay rate constant (K20), and is therefore considered a conservative estimate.

Table 5. Media Characteristics

	Media Type
	Permeability, ks
	Porosity, n
	BOD5 decay rate, K20

	
	m3/m2-d
	
	

	Medium sand
	420.6
	0.42
	1.84

	Coarse sand
	480.1
	0.39
	1.35

	Gravelly sand
	500.0
	0.35
	0.86

	Fine gravel
	1,000 – 10,000
	0.35 – 0.38
	

	Medium gravel
	10,000 – 50,0000
	0.36 – 0.40
	


The calculations to determine the required size and dimensions of an SFC wetland to achieve the desired BOD5 removal, and according to the design paramenters in Table 4, are as follows:

The BOD5 decay rate is calculated for the design temperature:
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where, 
KT is the BOD5 decay rate at temperature, T



T is the minimum ambient temperature in Altamira 

Then, the hydraulic detention time can be evaluated:
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where, 
t’ is the hydraulic detention time in days



Ce is the desired effluent BOD5 concentration in mg/L



Co is the influent BOD5 concentration in mg/L

The cross-sectional area is determined based on the slope, media permeability, and the flow:
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where, 
Ac is the cross-sectional area of the wetland, i.e., width x depth



ks is the permeability of the media in m3/m2-d



S is the slope of the wetland 



Q is the wastewater flow rate in m3/d

Then, the width is:
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where, 
d is the depth of the wetland in meters



W is the width in meters

From the width, the length can be calculated:
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where, 
L is the length of the wetland in meters



Q is the wastewater flow rate in m3/d



n is the porosity of the media

Finally, the surface area of the wetland is obtained from the design width and length:
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where, 
As is the surface area of the wetland

Based on these design parameters, a SFC wetland covering approximately 4.25 hectares (ha) should be constructed.  A description of these design calculations can be found in Metcalf & Eddy (1991).  The total dissolved solids (TSS), ammonia-nitrogen, and total nitrogen removals are estimated based on the hydraulic loading rate (WEF, 1990, p. 246; Reed et al., 1995, p. 232).  The estimated contaminant removals are provided in Table 6.  The references (WEF, 1990; Reed et al., 1995) also provide design calculations for phosphorus removal that could be incorporated in a more detailed design analysis.  

Table 6. Contaminant removal in the proposed wetland.

	Contaminant
	Assumed influent concentration
	Estimated effluent concentration

	BOD5​ (mg/L)
	180
	30

	TSS (mg/L)
	50
	5.3

	NH3 (mg/L)
	10.73
	0.13

	Total Nitrogen (mg/L)
	17.23
	1.61


Effluent criteria for wastewater discharged into national waters are established through the Norma Oficial Mexicana (NOM), NOM-001-ECOL-1996.  The NOM sets standards for effluents discharged to rivers, coastal waters, natural and artificial reservoirs, and soil as shown in Table 7.
  Assuming the effluent is transported to a river designated for protection of aquatic life (which requires more stringent effluent criteria), the BOD5, TSS, and total nitrogen concentrations should satisfy the proposed SFC wetland design is implemented.  In addition, the comparison reveals that the SFC wetland could be constructed to achieve less contaminant removal, still meet the standards, and capital costs would be reduced (i.e., shorter pipe segments, less media, less excavation).

Pathogens.  Neither the SFC design nor the NOM includes concentrations or standards for fecal coliform bacteria, which is an indicator organism for the presence of pathogenic microorganisms.  Generally, pathogen loadings may be reduced through natural decay, predation, sedimentation, and excretion of antibiotics from roots of plants.  Up to 99 percent (2 log) removal of total coliform has been observed in SFC wetlands (Crites and Tchobanoglous, 1998).  Table 8 shows total and fecal coliform removal observed in subsurface flow wetlands.  Reed et al. (1995) propose a design equation that can be used to predict removal of bacteria or virus in wetland systems:
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where, 
kT is the temperature-dependent rate constant, d-1 = 2.6(1.19)(T-20)


T is the mean water temperature in oC



t is the detention time in the wetland in days (5.4 d for the designed SFC 

wetland)



Ci is the influent fecal coliform concentration in # colonies/100 mL



Cf is the effluent fecal coliform concentration in # colonies/100 mL

Assuming the influent coliform counts are around 1x107 colonies/100 mL (IMTA, 2000, p. 84) and that the mean water temperature is 20oC, effluent counts can be calculated as approximately 564,700 colonies/100 mL.  While Reed et al. (1995) predict this removal equation is conservative for wetlands (i.e., more pathogen removal will occur than estimated by the equation), the calculated effluent fecal coliform count may be higher than desirable for effluent discharged into a water body depending on the assimilative capacity of the water body and the designated use of the water (e.g., contact or noncontact recreation).  Fecal coliform counts below 200 colonies/100 mL are recommended for water systems used for contact recreation.
Figure 8. Fecal and total coliform removal in SFC wetland systems

	Location
	Media
	System Performance

	
	
	Influent
	Effluent

	Santee, CA, bulrush wetland
	Gravel bed
	
	

	   Winter season (Oct. – Mar.)
	
	
	

	      Total coliform, #/100 mL
	
	5x107
	1x105

	   Summer season (Apr. – Sept.)
	
	
	

	      Total coliform, #/100 mL
	
	6.5x107
	3x105

	Iselin, PA, cattails and grasses
	Sand bed
	
	

	   Winter season (Nov. – Apr.)
	
	
	

	      Fecal coliform, #/100 mL
	
	1.7x106
	6,200

	   Summer season (May – Oct.)
	
	
	

	      Fecal coliform, #/100 mL
	
	1.0x106
	723


Source: Reed et al. (1995), p. 73.

Construction of a maturation pond is recommended for tertiary treatment if greater stabilization of pathogens is desired or required.  Effluent from the SFC wetland cells would then be discharged into the stabilization pond.  Mara (1996) provides a preliminary design equation for calculating the area of a maturation pond:


A (m2) = Q (m3/d) * hydraulic detention time (d)/depth (m) 


Where, Hydraulic retention time: 5 – 10 days, Depth: 1 – 1.5 m

Further design calculations and research would be required to propose the construction of a maturation pond for the case study area. 


The wetland is fitted to a more compact area by splitting the system into two wetlands with dimensions of 230m x 93m.  Half of the wastewater flow is transported to one wetland; the second portion is sent to a second wetland as depicted in Figure 3.  Specifically, wastewater from Martin y Martinez and Independiente Norte is transported to Wetland A, and wastewater from Los Mangos, Las Fuentes, and Tierra y la Libertad is sent to Wetland B.  

The SFC design area is largely dependent on the wastewater flow, media characteristics, and slope.  The design areas for different population predictions (affecting the wastewater flow) are listed in Table 9.  All other parameters are consistent with those presented in Table 4.

Table 9.  Wetland design based on population predictions.

	Design Population
	Area requirement
	Width
	Length
	HRT
	Wastewater Flow

	
	ha (acres)
	M
	m
	days
	m3/d

	3,368 (50%)
	3.03 (7.5)
	327.5
	92.6
	5.4
	589.3

	4,715 (70%)
	4.25 (10.5)
	460.0
	92.6
	5.4
	825.0

	5,388 (80%)
	4.85 (12)
	524.0
	92.6
	5.4
	942.9

	(100%)
	6.07 (15)
	655.0
	92.6
	5.4
	1178.6


As apparent from the third column of Table 9, changes in the design flow are accommodated by changing (increasing or decreasing) the width of the SFC wetland.  This trend demonstrates how the wetland can easily be expanded to accommodate future population growth.

The SFC wetland can be designed with a different slope if excavation costs or pipe invert constraints necessitate a longer or higher slope for the wetlands.  Based on the design parameters for Table 4, the dimensions of the wetland are 460m x 93m and 1,100m x 38.6m depending on a grade of 1.2% and 0.5%, respectively.  Therefore, the design slope provides some control over fitting the dimensions of the wetland to the footprint of the available land.  

Section 1.4.1 presents both a minimum and a maximum wastewater flow estimate: 80 L/person/day and 175 L/person/day.  The SFC wetland dimensions were calculated using the minimum design flow, 70% development, and the parameters from Table 4.  A wetland treating the minimum flow requires 1.95 ha (4.8 acres) as opposed to the 4.5 ha (10.5 acres) required for the maximum wastewater flow estimate.   Therefore, the 4.25 ha at 70% development can be considered a conservative value.  Designing the wetland based on the more conservative estimate provides a cushion for high contaminant loadings and increases in population.

At the time of construction, the proper placement of the inlet and outlet pipes should be evaluated.  Crites and Tchobanoglous (1998), Reed et al. (1995), and IMTA (2000) provide guidance on the pipe designs.

Construction costs for SFC wetlands will include the following capital expenses:

Gravel

· hauling

· cost of media (12,834 m3)

Clearing the site (removing trash)

Excavation

Constructing dikes

Pipes – inlet and outlet

· Cost of tubing

· Installation

Vegetation

A liner is not considered necessary for the constructed wetland.  The clay soil serves as a natural, relatively impermeable barrier to infiltration.

General Considerations

The following issues should also be considered for the wetland design.  

1. Establishing vegetation.  In order to establish a good root system in the wetland
, the water table is sequentially lowered during initial startup of the wetland.  Lowering the water table encourages the plant roots to penetrate the full depth of the wetland.  After a sufficient root system is established, the water level is increased to 0.3 m (the depth of the media) and the wetland is ready for use.  This startup time, approximately 3 to 6 months (Crites and Tchobanoglous, 1998, p. 606), should be considered in the construction schedule for the wetlands.

2. Constructing in units.  An advantage of the SFC wetland is that it can be developed in units.  An initial wetland (e.g., 230m x 93m) may be constructed as about 40% of the community is inhabited.  With future growth, a second unit may be installed.  Placement of the first wetland should be considered based on the potential for future expansion.

3. Clogging.  Due to the closed nature of the system, SFC wetlands may glog, especially under high contaminant loadings.  The potential for clogging should be considered and monitored. 

4. Limitations.  Due to the clogging potential, SFC wetlands are not recommended for the treatment of raw wastewater.  The design presented in this report is for a SFC wetland receiving septic effluent.  If raw sewage is collected (in a conventional sewer) in the community, the construction of a conventional wastewater treatment plant must be considered and proposed.

5. Tertiary treatment. For further stabilization of pathogens, a maturation pond can be used in conjunction with a SFC wetland.  The maturation pond should be placed downhill from the SFC wetland.  The pond would provide further treatment and also could be designed as a storage area for the treated wastewater.

1.6. Additional Recommendations

The community of Altamira faces many challenges in the years to come.  Although current problems being addressed are limited access to water and inadequate wastewater disposal, Altamira must face lack of solid waste disposal, hazards from gas lines and poor surface water drainage. 

Discussions of moving the current solid waste disposal are currently taking place. This effort will require not only filling in the current exposed waste, but collecting wastes from around the community which have been blown by the wind.  In addition, selection of a new site for waste disposal must be addressed.  Currently many residents rely on the site for income.  

Another issue that should be addressed in the near future is surface water drainage.  This effort would require a high level of community organization to dig drainage channels throughout the community of Altamira.  This would eliminate odor and mosquito breeding.

1.7. Conclusions

Although many alternatives for wastewater have been explored and the best alternatives for Altamira selected, this does not necessarily mean that the community of Altamira will be willing to implement the proposed project.  Many residents in Altamira currently have latrines, and may not be willing to invest in any other type of system.  Latrines are very inexpensive, and require little to no maintenance. The other systems explored show to be the most adequate based on environmental and topographical conditions, however this does not assure that the community will actually be willing to invest the time, energy and money into this system.  
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� Standards for coastal waters are not listed in Table 7, but can be obtained off the website, � HYPERLINK "http://www.cna.gob.mx/portral/switch.asp?param=4014" ��http://www.cna.gob.mx/portral/switch.asp?param=4014�. 


� The plant roots are critical for supplying oxygen to the wastewater and generally for effective wetland operation.
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