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Executive Summary 


Environmental health concerns related to waste management disposal at residential sites on the Navajo Reservation prompted this project. The researchers had an  idea that the soils on the Reservation combined with a lack of infra-structure were contributing to a growing health hazard of ground and surface water contamination. Collecting data about the soils, analyzing it for suitability of septic systems and researching the process of implementing waste disposal systems at home sites were all part of the project. The resulting information was then used to develop recommendations for residences on the Reservation as well as to create a simple flowchart for the resident to use when considering what type of waste system to implement at the home site.

I. Introduction

Improperly placed septic systems can cause a myriad of environmental and health- related problems. Placement in sandy soils with high permeability rates drain contaminated wastewater into groundwater sources before natural treatment can occur. Soils high in clay content have low permeability rates and can cause backup and overflow problems. The Navajo Reservation has no infrastructure to deal with the environmental concerns of waste disposal and waste management.  Currently, there is only a quasi-system for issuing permits and official testing and monitoring of home sites and the handling of waste disposal. For initial home site applications, an environmental assessment is required that includes soil testing, but there is no obligation to follow through with the recommendations. The IHS (Indian Health Service) and NTUA (Navajo Tribal Utility Authority) oversee the water and sewage operations for the Reservation, but neither entity has any authority to act upon contamination violations.   Money for the installation of traditional septic systems by NTUA at home sites is procured through Congressional authority or provided by the homeowner themselves (over 60% of households live at or below the poverty level).  When money is available and a prospective homeowner goes to the office, the IHS or NTUA provides for the installation of the septic system.  All of this is done at no cost to the homeowner (currently the waiting list is 6 to 12 months).  However, since there is no mandatory permitting system in place, prospective homeowners do not have to go through the IHS or NTUA office.  They can simply dig a hole, outhouse, or whatever on the property. If running water is available on the property, these home sites typically handle waste through traditional septic systems. However, our initial analysis of soil data showed most soils on the reservation were not suited for traditional septic tank systems.  Monitoring occurs only after the septic system is installed and only if the NN EPA (Navajo Nation Environmental Protection Agency) receives complaints from neighbors. The NN EPA can then shut down the system and require the homeowner to put in a more suitable system at the owner’s expense. Our foremost goal was to develop a method that the average homebuilder on the Reservation could use to determine whether or not the home site could sustain a septic tank system. Through our research, we hoped to provide alternative solutions to traditional septic systems to address those sites that aren’t suitable. 

II. Description


Initially, we gathered data of the soil analysis (soil composition) for the area through the Natural Resources Conservation Service’s soil surveys.  We searched for equations that gave permeability of a soil based on the clay content since that is the determining factor, but we found none. We did find one that stated it was only valid for soils with large aggregates. Using this data, we produced an exponential equation that gave a relationship between clay content and permeability but felt the equation was too cumbersome for the average person to use, and it was also totally inaccurate. We then analyzed this data for permeability relationships, designed a code, and finalized details for suggested solutions for the Navajo tribe and related agencies. We also collected extensive information on traditional and alternative septic systems.  

Determination of the texture of soil by the ‘feel’ method is largely dependent on each soil texture’s plasticity and how it forms a ribbon or ball. The ‘feel’ method does not indicate the permeability itself but rather it tells us from the plasticity of the sample which soil texture group the soil sample falls into. This then gives us a rough estimation of the amount of clay in the soil and therefore its permeability. This ‘feel’ method to tell which soil texture group our sample falls into is not going to tell us the permeability of the soil. We get that information from a table in our soil survey that is based on the percent of clay in the sample (Appendix A).  We also practiced using this method so that we felt comfortable with the prospect of others using it.  Through Excel and Java, we designed a user-friendly flow chart whereby the prospective resident could determine the soil composition at the home site and quickly determine a “best fit” to install the most appropriate waste disposal system (Appendix B).

III. Results


After analyzing the soil data in the soil surveys, we realized our project did not lend itself to a computational science model but to a logical model using conditional statements. We also found that the vast majority of soil types on the Reservation are totally unsuitable for the traditional septic system. In fact, the NN EPA says that 95% of their complaints are concerning traditional septic systems improperly installed or installed in areas not suited for them. We developed a simple program (Appendix C) and flow chart to help residents determine the suitability of their home site soils for septic systems. This information will be available to the various agencies involved, as well as the resident(s) of the home site.  This chart and program will be available in the Home Site Application Office in Shiprock (Appendix D). We also found a few practical alternatives to the standard septic system.

IV. Conclusions

The NTUA and IHS should work to develop the necessary infrastructure to establish waste management systems outside the townships.  Residents living outside the townships would possibly benefit from composting toilets (Appendix E). NTUA and NN EPA are just beginning to ‘push’ these. These two entities need to work more closely with IHS to quickly develop the legal code to permit and enforce sanitation regulations concerning waste management at home sites. Currently, we discovered that each entity is under the impression that the other entities are taking care of this when in reality no one is. Other alternative septic methods we have found are not very cost effective, with costs from $10,000 – 19,000 for the initial study, permits, and installation.  If NTUA were to fund the initial cost of some of these alternative and more efficient systems, these might be considered feasible.

Alternative solutions available to Reservation residents:      

White water system  $6,000.

Jet aeration system     $5,000-6,000

Composting toilets   $2, 000

V. Recommendations

We recommend that future teams extend this problem to ground water testing for possible contaminants from improperly placed septic systems or perform a cost analysis of the actual costs of installing septic systems at home sites on the Reservation, including the environmental assessment, right of way studies, wells, etc. 
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[image: image3.jpg]The “feel” method for determining soil textural class. A moist soil sam-
ple is rubbed between the thumb and forefingers (insets) and squeezed out to make
a “ribbon.” (a) The gritty, noncohesive appearance and short ribbon of a sandy loam
with about 15% clay. (b) The smooth, dull appearance and crumbly ribbon charac-
teristic of a silt loam. (¢) The smooth, shiny appearance and long, flexible ribbon of
a clay. (Large photos courtesy of R. Weil)
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import UserInput;

public class soil2

{

   public static void main (String args[])

   {

      String answer;   // variable for answering question, needs input from user

      int input = 0;

      String answertwo;  // variable for second set of questions

      int inputtwo = 0;

      String answerthree;  // variable for third set - loop

      int inputthree = 0;

      String answerfour;  // variable for fourth set - loop

      int inputfour = 0;

      while(input == 0)

      {

         System.out.println();   // Blank line

         System.out.println();   // Blank line

         System.out.println("Please read each questions and type 'y' or 'n' ");

         System.out.println("in lower case, then strike the enter key. ");

         System.out.println();   // Blank line

         System.out.println("************************************** ");

         System.out.println();   // Blank line

         answer = UserInput.getString("Does your site get flooded (y or n)? ");

         System.out.println();   // Blank line

         if (answer.equals("y"))

         {

            System.out.println("This is NOT the ideal place to put a septic system.");

            System.out.println("Please investigate an alternative solution.");

            input = 1;

         }

         if (answer.equals("n"))

         {

            System.out.println("You could build a septic system there. ");

            System.out.println("Please continue to answer the following questions.");

            System.out.println();   // Blank line

            System.out.println("************************************** ");

            while(inputtwo == 0)

            {

               System.out.println();

               answertwo = UserInput.getString("Does your site have bedrock closer than 40\" to the surface (y or n)? ");

               System.out.println();  // Blank line

               if (answertwo.equals("y"))

               {

                  System.out.println("This is NOT the ideal place to put a septic system.");

                  System.out.println("Please investigate an alternative solution.");

                  inputtwo = 1;

                  System.exit(0);  // exit program

               }

               if (answertwo.equals("n"))

               {

                  System.out.println("You could build a septic system there. ");

                  System.out.println("Please continue to answer the following questions.");

                  System.out.println();   // Blank line

                  System.out.println("************************************** ");

                  while(inputthree == 0)

                  {

                     System.out.println();

                     System.out.println("Take a handfull of sand in your hand. ");

                     System.out.println("Moisten the sand with water. ");

                     System.out.println("Try to form a ball of dirt in your hand. ");

                     System.out.println("(Note:  Do NOT turn the sand into mud.) ");

                     System.out.println();

                     answerthree = UserInput.getString("Did the dirt form a ball (y or n)? ");

                     System.out.println();  // Blank line

                     if (answerthree.equals("n"))

                     {

                        System.out.println("This is NOT the ideal place to put a septic system.");

                        System.out.println("Your site is too sandy.");

                        System.out.println("Please investigate an alternative solution.");

                        inputthree = 1;

                        System.exit(0);  // exit program

                     }

                     if (answerthree.equals("y"))

                     {

                        System.out.println("You could build a septic system there. ");

                        System.out.println("Please continue to answer the following questions.");

                        System.out.println();   // Blank line

                        System.out.println("************************************** ");

                        while(inputfour ==0)

                        {

                           System.out.println();

                           System.out.println("Try to form a ribbon of wet soil by pushing the soil ");

                           System.out.println("between your thumb and forefinger. ");

                           System.out.println();  // Blank line

                           answerfour = UserInput.getString("Were you able to form a ribbon (y or n)? ");

                           System.out.println();  // Blank line

                           if (answerfour.equals("n"))

                           {

                              System.out.println("You could build a septic system there. ");

                              inputfour = 1;

                              System.exit(0);  // exit program

                           }

                           if (answerfour.equals("y"))

                           {

                              System.out.println();  // Blank line

                              System.out.println("************************************** ");

                              System.out.println("Please read both of the following options:");

                              System.out.println();  // Blank line

                              System.out.println("If the ribbon forms less than 1\", ");

                              System.out.println("You could build a septic system there. ");

                              System.out.println("And you may also want to investigate further options. ");

                              System.out.println();  // Blank line

                              System.out.println();  // Blank line

                              System.out.println("If the ribbon forms more than 1\", ");

                              System.out.println("This is NOT the ideal place to put a septic system. ");

                              System.out.println("You have too much clay. ");

                              System.out.println("Please investigate an alternative solution. ");

                              System.out.println();  // Blank line

                              System.out.println("************************************** ");

                               System.out.println();  // Blank line

                              inputfour = 1;

                              System.exit(0);  // exit program

                           }

                        }

                     }

                  }

               }

            }

            input = 1;

            System.exit(0);

         }

      }

      System.out.println();   // Blank line

      System.exit(0);

   }

}
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