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Questions
1. Identify and describe three feasible alternative and sustainable sources that could be developed as a means of providing additional potable water for your district’s customers.
Harvesting Rainwater
Water utility organizations mainly make use of underground water to serve the residents of Texas. However, a rise in the population and a decrease in the underground water have necessitated the need to seek solutions from alternative sources for potable water (Hickey, 2008). Harvesting rainwater is one of the alternatives that the organizations can use to serve the public with drinking water. Harvested rainwater, however, requires some treatment for human consumption. Further, the collected rainwater can be used for non-potable uses for the people of Texas ("Rainwater Basics | Rainwater Harvesting", 2017). The region is characterized by irregular rainfall, and the rainwater can be harvested in large capacity to serve the community. Rain harvesting is one of the traditional sources of water
Condensing Air Moisture
Potable water can be sourced from the air. The moisture undergoes the filtration process before condensation. The condensed water is then subjected to a range of filters to eliminate contaminants such as carbon to make the water safe for human consumption ("Condensate Water Introduction", 2017). The water utility organizations can then supply the water to the public. 



Sub-Surface or Ground Water
Surface water refers to water rainwater harvested from non-roof surfaces such as landscapes, water drainage, the parking lot among others. The storm water can be directed to tanks for storage before treatment by the water utility organizations (Raymond, 1988). Given the inconsistent trend of rainfall in Texas, surface water can be harvested in large capacity. Further, the surface water from the storms can be channeled to the ground water to increase the capacity of stored water to sustain the after utilities during the period of shortages in the underground water.  The water is treated before piping to the district customers. 
2. Discuss the general benefits, implementation, and economic considerations of the two alternatives you would rank second and third.
Sub-Surface or Ground Water
Harvesting surface water is a good choice given the sporadic heavy downpours that are experienced in the region. The harvested water can be used by the community for irrigation or drinking. Further, the alternative is accessible to individual consumers since they can harvest water at their place of residence and reduce the demand for water from public utilities. However, the strategy requires absolute knowledge for treatment before consumption. This alternative is also economically viable given the cost implication. The process requires harvesting reservoirs and treatment before piping the water to the consumers. Thus, the water utility organization only incurs the channeling, storage and treatment costs. Implementation of harvesting storm water is useful depending on the rainfall pattern Sub-surface or ground water (Raymond, 1988).
. 
Condensing Air Moisture
The air is naturally free and contains some moisture. Extracting this moisture from the air requires a condensate ("Condensate Water Introduction", 2017) majorly. Given the availability of air, the project implementation can lead to immediate benefits to the water utility organization. Further, the strategy can ensure a continuous supply of water since air is abundant by nature and it is not seasonal. However, the alternative is subject to filtration and disinfection before providing the water to the community. The implementation cost majorly concerns the initial outlay and maintenance cost of the system after implementation. 
3. Provide a more detailed proposal for implementation, including justifications for selecting this first-ranked alternative over the other two. 
Harvesting Rainwater
Harvesting rainwater is one of the ancient practices (Nolde, 2007). An increase in population and rainfall shortage has made groundwater to be inadequate for the Texas residents.  Rainwater harvesting has become of interest in Texas. The water can be used for drinking as well as for non-potable use such as irrigation, washing among others. The benefits of collecting rainwater range from reduced stress on the underground aquifers to the improved quality of the water ("The Texas Manual on Rainwater Harvesting", 2017). The absence of ground contaminants, dissolved minerals and salts makes the rainwater to be of high quality than the other alternative sources of water. Further, the rainwater has low hardness levels in comparison to water from condensed moisture and surface water. The soft nature of the rainwater reduces the use of detergents and soap. 
Harvesting rainwater is less expensive compared to the other alternative sources of water. For instance, the condensate equipment for condensing moisture might be costly than the water harvesters such as tanks. Further, the condensate equipment requires tanks for storing water hence, more expensive. Harvesting rainwater also reduces erosion. Thus implementing the project conserves the environment as well as providing the community with water. When harvesting potable rainwater, there are primarily six components ("Rainwater Basics | Rainwater Harvesting", 2017) including cistern, water treatment system, rainwater conveyance system, catchment area and delivery system as discussed below;
Catchment Area – the standard catchment component of rainwater harvesting is the roof. The type of roofing, however, has s0me effects on the quality of water collected. For instance, some types of roofing support organic growth that affects the quality of water. Thus, when considering the type of catchment surface, roofing material should be considered. 
Cistern – forms the storage unit of harvested water. The cistern is either buried, placed in the ground or building. 
Rainwater Conveyance- the water from the roof is channeled to the cistern through gutters and downspouts. Again, the material used in developing these distributions channels should be made of a material that does not react with water to avoid contamination. 
Delivery System – entails the medium of conveyance of the collected water. When water harvesting takes place on an uphill, gravity flow is used to serve the community with water. However, a pump is required when gravity cannot deliver the water (Hickey, 2008). 
Water Treatment System – the collected water ought to be treated before use. There are various techniques used to treat potable water including UV sterilization, Microfiltration, and ozonation. 
4. Discuss the environmental, social, and political (without bias) impacts associated with this alternative, including cost-benefit considerations
Environmental Impact
Harvesting rainwater has a significance impact on the environment specifically on the conservation of soil. Harvesting water reduces direct splash of water on the ground thus preventing soil erosion ("The Texas Manual on Rainwater Harvesting", 2017). Further, the harvested water can be used for irrigation of crops facilitating a favorable ecosystem to the human being (Fernandez-Illescas, & Rodriguez-Iturbe, 2004). Cultivating crops prevents soil erosion due to the coverage brought about by the crops on the soil surface as opposed to bare land. Natural resources are scarce in nature, and harvesting rainwater reduces the over dependence of ground water. Thus, the groundwater is preserved for use during the dry season. 
Social Impact
The harvested rainwater increases the availability of water reserve to the people. Thus, the consumers can carry out their normal operations such as cleaning and bathing without fear of a shortage of water due to water rationing. Further, the harvested rainwater reduces the chances of being subjected to fines and penalties due to the overuse of water. Some regions are subject to the maximum capacity of water usage and exceeding the limit attracts a penalty or a fine. Further, rain water is considered to be of the best quality, and its use reduces chances of getting illnesses associated with consuming contaminated water ("The Texas Manual on Rainwater Harvesting", 2017). The Texas farmers can undertake farming activities when water is made available through water harvesting.  The crops do not only provide farmers with income but improve their health due to consumption of fresh produce from farming. The use of rainwater reduces the water bills to the people given that the harvesting rainwater is cheaper than the water obtained from the ground.
Political Impact
It is the obligation of the governments to conserve the scarce resources as well as preserving the environment. Rainwater harvesting is an essential political strategy to provide the community with water as well as conserving the environment. Thus, the water utility organizations play a significant role in promoting the nation’s effort in conserving the water catchment resources. The Texas Legislature also has passed bills aimed at encouraging harvesting rain water such as tax exemptions and financial incentives ("The Texas Manual on Rainwater Harvesting", 2017). 
5. What plan and schedule you would propose to accomplish the implementation of this supply source within a reasonable time-frame? Include a discussion of the technology and personnel resources that would be necessary for successful implementation.
Implementation of rainwater harvesting system is a process that involves some activities. The selection of the location site depends on the hydro-geological situation of the area as well as the community reference and their ability to pay. The following steps should be considered when implementing the project;
Step 1: Identification of The Need
This is the initial stage of considering implementing a water harvesting system. The process involves assessing the community need of rainwater. The status of the existing water supply source should be evaluated, and the findings ranked per the results obtained. At this stage, the water utility organization can assess the storage capacity requirement to cater for the demand. Further, past data on the rainfall pattern is observed to identify the need. 
Step 2: Feasibility Study
After obtaining the necessary data on the ground, the organization goes on carrying a feasibility study. At this stage, the water utility organization establishes the environmental, economic and technical considerations for the project. 
Step 3: Detailed Design Stage
This step involves final allied field and engineering study where specifications are made together with a complete report. Drawings on the project plan are also made in conjunction with a cost estimation of the necessary equipment and facilities required to carry out the project. 
Step 4: Physical Implementation
This stage involves construction and connecting the community with water. 
Step 5: Monitoring and Maintenance
Apart from treating water before distributing it to the community, periodical maintenance of the water harvesting system is required (Hickey, 2008). For instance, the system is liable for corrosion, and the system might need some replacements or coating the system surface with non-corrosive material. The water also requires a periodical test to identify the presence of pathogens from time to time. Further, a pump requires regular lubrication to avoid breakdown of the system.
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