




 
 

 

Exhibit	A	

Introduction	
 

Navajo Technical University (NTU) has been working on developing the university’s approach to 
supporting economic development since 2004 when Dr. Elmer Guy became the President of the 
Crownpoint Institute of Technology, that name NTU carried at that time.  Throughout this period, working 
with the Board of Regents, a strategic infrastructure has been put into place that is designed to make use 
of the university’s status as a university as a component of the larger national effort by the Navajo 
Nation’s government.  This is a work in progress in that some parts of the infrastructure have achieved a 
level of maturity that provides a foundation for future development.  Other parts have been worked on 
but are not as developed. 

The elements of this strategic infrastructure are as follows: 

1. Creation of undergraduate and graduate degree programs developed to further needs 
identified by either the Navajo Nation’s President, its legislature, or the economic 
development plans of the Division of Economic Development. 

a. Vocational/Technical programs aimed at job readiness for students 
b. Longer term baccalaureate and graduate programs aimed both at workforce 

development and high wage/high skill jobs, especially in STEM, education, health, 
business, and management fields 

2. Development of a world class technology infrastructure to serve the university and the 
Navajo Nation. 

3. Development of a research/academic component to the university designed to achieve 
partnerships with private industry and further the creation of intellectual property that 
can be used for economic development for the Navajo Nation. 

4. Development of an experiential component through both degree programs and research 
efforts that can result in high skill/high wage careers for students and an entrepreneurial 
culture on the Navajo Nation that results in the creation of new industries and businesses. 

5. Creation of an intellectual-properties infrastructure based upon models in California, 
Wisconsin, New York, South Carolina, Massachusetts, and elsewhere that have resulted in 
major economic phenomena like Silicon Valley and the North Carolina Triangle. 



 
 

 

6. Development of business incubators with an educational and capital creation components 
that can help both students and Navajo entrepreneurs succeed in establishing new 
businesses/industries. 

7. Leverage developments like those the university has achieved in the areas of advanced 
manufacturing into income generating activities that provide high skill/high wage jobs for 
NTU students. 
 

All of the elements of this strategic infrastructure are designed to interrelate and support other parts of 
the effort to work with the Navajo Nation on economic development efforts. 

An abstract of some of the accomplishments the university has had in each of these components follows: 

1. Creation of undergraduate and graduate degree programs developed to further needs 
identified by either the Navajo Nation’s President, its legislature, or the strategic 
economic development plans of the Division of Economic Development. 
 

The first efforts in implementing the overall strategic economic development strategy for NTU was in the 
area of technology.  Baccalaureate degrees in three emerging technology areas were developed and an 
effort to bring broadband and advanced high performance computing projects were initiated, partially to 
meet the needs of the new degree programs and partially to provide experiential opportunities to the 
student.  The digital divide was a major issue in the Navajo Nation at the time and a lot of jobs in various 
technology fields were available. 

After that NTU concentrated on developing degree programs in a number of STEM fields, including 
Engineering, math, biology, chemistry, Environmental Science, and energy system fields.  Some of this 
development was driven by Division of Economic Development or Navajo Nation concerns, especially 
Environmental Science and energy system fields.  The Abandoned Uranium Mines concerns, along with a 
host of other concerns about water, the provision of water, well contamination, desertification, and other 
issues expressed by chapterhouses around the nation were central to these developments as well as 
research that showed that a large number of high skill/high wage jobs in the future were destined to arise 
in a range of STEM fields. 

As these curriculum developments were taking place NTU started to develop its business and 
management curricula.  Part of this was driven by the Division of Economic Development’s concentration 
on tourism, private sector management needs and the desire to develop a stronger Navajo-owned 
entrepreneurial business climate based upon its long-term planning processes.  Culinary Arts, Business 



 
 

 

Management, and Tourism Management, and other programs came out of this effort.  Following the 
Navajo Legislature’s lead, the effort to develop Dinè culture, language, and leadership curriculum also 
enhanced. 

NTU also started to develop health related curriculum during this period in an effort to respond to 
requests from area hospitals, the Indian Health Service, the tribal legislature, and health professionals.  
This area has lagged behind the original plans but is still developing. 

Throughout all of these efforts vocational/technical curriculum was developed and improved upon.  NTU 
evolved out of the founding of the Navajo Skills Center, which was designed to prepare Navajos for jobs.  
NTU has always considered this element of its history as an important component of its overall economic 
development efforts. 

Also important has been the development of curriculum designed to further Navajo herding and 
agriculture, which is part of NTU’s land grant status granted by the United States Congress and the U.S. 
Department of Agriculture.  Herds, ranches, and farms constitute a major Navajo economic sector. 

2. Development of a world class technology infrastructure to serve the university and the 
Navajo Nation. 
 

NTU has become one of the leading experts in tribal land technology infrastructure in the United States.  
Its expertise in wireless and broadband connectivity is pretty much unparalleled, and recognized, in Indian 
country nationwide.  Currently its campus connectivity exceeds that of any other tribal educational entity 
in the U.S.  As the recent pandemic has proven, technology is the key to the economic future of any 
geographic area in the world.  Currently NTU has outlined plans and budgets to move technology 
infrastructure forward for NTU, the Navajo Nation, and tribal colleges and universities through 18 projects.  
NTU also has one of the most advanced research and business networks implemented available to any of 
the surrounding states to the Navajo Nation.  High speed, secure networks are available to establish 
partnerships with other universities, as well as non-profit or business entities, for research and 
development projects anywhere in the U.S. or the developed world. 

Accomplishment of the majority of the 18 projects that have been outlined would make the Navajo Nation 
one of the leading centers for Internet connectivity in the Southwest and with tribes nationally and also 
give the Nation an advantage in providing an infrastructure corporations and businesses can use to gain a 
competitive advantage when located inside Navajo’s borders. 



 
 

 

 

3. Development of a research/academic component to the university designed to achieve 
partnerships with private industry and further the creation of intellectual property that 
can be used for economic development for the Navajo Nation. 
 

This is an effort that has involved the Navajo Nation’s presidency and legislature as well as the NTU 
academic community.  It is still a developmental effort, but some significant successes have been 
achieved.  Advanced research in technology, creation of new battery technology, various aspects of 
metrology and advanced manufacturing, animal science and veterinary science, marketing and other 
business management areas, Dinè Studies, metallurgy, and robotics, among other areas, has resulted in 
major publications in professional peer-reviewed journals.  The importance of research to economic 
development is that research lays the foundation for the development of products that then become 
profitable in the marketplace.  Without a strong research foundation and partnerships with other 
universities and players in the private sector, tapping into major areas where economic growth is about to 
happen is difficult.  Research not only helps provide the foundation for new products, but also leads to a 
broad understanding of where and how advancements in areas from technology to manufacturing to 
health to business development are likely to occur. 

One of the important components to building a research component is the establishment of world-class 
laboratories.  NTU has successfully built its Center for Advanced Manufacturing, the newly funded 
partnership between the Division of Economic Development that is building a Metrology Center, and its 
biology and chemistry labs in Crownpoint and Chinle. 

4. Development of an experiential component through both degree programs and research 
efforts that can result in high skill/high wage careers for students and an entrepreneurial 
culture on the Navajo Nation that results in the creation of new industries and businesses. 
 

NTU is built largely on an experiential learning model.  A lot of research has shown that students learn 
best when academic learning is paired with hands-on practice.  NTU has implemented this strategy 
through  

• Competitions like the AIHEC Spring Conference, SkillsUSA, poster presentations with the 
American Indian Society of Engineers and Scientists (AISES), NTU’s internal science and 
technology conferences, etc. 



 
 

 

• Internships with federal agencies and a large number of businesses and corporations 
scattered throughout the United States. 

• In-class research projects, experiments, and service-learning projects in Navajo 
communities. 

• Capstone projects where students, led by a professor, team up with private, tribal, 
national laboratory, NTU’s Innovation Center, or non-profit sector businesses or 
organizations to create a product for the marketplace, a business plan for a proposed 
business, or research projects. 
 

This experiential component is designed to increase the number of Navajos working in high wage/high skill 
careers, using experiences gained during their university education to give them an edge in the job 
market, as well as to create partnerships with businesses and other organizations that can lead to 
entrepreneurial efforts in the Navajo Nation.  It is part of the strategy to build an entrepreneurial culture. 

5. Creation of an intellectual-properties infrastructure based upon models in California, 
Wisconsin, New York, South Carolina, Massachusetts, and elsewhere that have resulted in 
major economic phenomena like Silicon Valley and the North Carolina Triangle. 
 

This has been the most difficult element of the strategy on which to make progress.  There is now a well-
defined process that can be followed in efforts to create economic explosions for specific geographical 
regions.  It’s generally known as intellectual-property infrastructure.  NTU has not been able to fully 
implement this part of the strategy to date.  Intellectual property is generally defined as patents, 
copyrights, trademarks, and trade secrets.  The idea behind an intellectual property infrastructure for 
universities starts with the idea that research conducted by university professors and students has the 
potential to create knowledge that leads to innovations that have value in the marketplace.  That means 
that you need: 

• A strong research infrastructure in the university that has the capability, through  
o laboratories and other research facilities 
o powerful research networks and related technologies  
o partnerships with federal or other laboratories, or the private or tribal sector 

to create breakthroughs in STEM and/or health or social science fields that can lead to innovations 
for the marketplace, 



 
 

 

• An organization that is part of the overarching university structure that has funding, 
policies, procedures, and the ability to work with professors and students to translate 
findings from research and entrepreneurial ideas into patents, copyrights, trademarks, 
and trade secrets, 

• The ability to develop, between the university, professors, students, and outside entities, 
legal agreements where all parties, including the university, can protect each party’s 
interest and benefit from revenue generated through the successful sale of products from 
intellectual property 
 

The basic idea is to use intellectual property to create Navajo-owned businesses or partnerships useful to 
Navajo, attract major corporations to operate where Navajo people can secure high wage/high skill jobs, 
or create revenue streams that can be invested in the development of research, curriculum, capital, or 
other aspects of intellectual property development that can lead to an increasingly prosperous Navajo 
Nation. 

6. Development of business incubators with an educational and capital creation components 
that can help both students and Navajo entrepreneurs succeed in establishing new 
businesses/industries. 
 

In a partnership with the Division of Economic Development NTU established the Navajo Innovation 
Center in Church Rock, NM as a model.  The Center is filled to capacity with Navajo entrepreneurs, has 
resulted in employment for a significant number of Navajo employees, and also resulted in the successful 
launch of Navajo businesses.  It had also developed, before the pandemic, a regular schedule of 
educational seminars and other events designed to help with educating those interested in developing a 
business about how to succeed. 

NTU has been approached by chapterhouses in the Fort Defiance, Shiprock, and Tuba City areas about 
developing incubators for their areas.   

Aspects of the Innovation Center that have not been as fully developed as NTU would like has been a 
capital development arm, including revolving loan funds and outreach to potential investors and sources 
of venture capital, and a closer interaction, especially on the educational outreach aspect of the center, 
between NTU’s strong Business Management department and students to encourage a stronger 
entrepreneurial opportunity for students with business ideas.  NTU is especially interested in developing 
projects between students and professors in capstone projects in STEM disciplines that are working with 



 
 

 

private and tribal sector entities that have the promise of becoming Navajo-owned businesses.  Some 
efforts have been made on projects like this, especially in digital manufacturing, but more development 
needs to occur. 

Another part of the Center that has been implemented in the past, but needs development, is that NTU, 
with its intellectual and practical resources, is willing to either develop specific training useful to an 
individual business or specialist education and/or degree tracts for corporations or businesses willing to 
locate in a Navajo community.  We have developed such training for Boeing Corporation and others with 
some success, although we have not gotten them to locate a business in Navajo.  Locally we have worked 
with other businesses and had some level of success in helping them with their efforts to improve their 
business. 

7. Leverage developments like those the university has achieved in the areas of digital 
manufacturing into income generating activities that provide high skill/high wage jobs for 
NTU students. 
 

NTU has been working to form a Limited Liability Corporation (LLC) in order to take advantage of some of 
its more advanced developments, especially in the Center for Advanced Manufacturing.  So far, the 
university has been able to hire 5 students who have graduated from NTU to work on manufacturing 
products using the instrumentation and equipment available in the lab.  After the LLC is established NTU 
has plans to expand this activity, especially since it has the ability to secure additional contracts from 
partner firms like Boeing Corporation.  This also provides a path that can be utilized to develop intellectual 
property products and services that can be sent through the Innovation Center developments as part of 
the overall economic development effort. 

Proposal	Goals	
 

I. To establish an Economic Development structure that integrates E-Learning and in-person 
services and educational offerings to Navajo entrepreneurs and NTU designed to develop 
capital sources, establish a revolving loan fund that provides start-up funds, and helps 
build partnerships with the private sector in order to help start-up businesses succeed. 
 

Approach	
 



 
 

 

There are several components to this goal.  The first is to hire a professional who has experience in raising 
capital and aiding in the preparing of loan professionals to both work with entrepreneurs who get through 
a review process.  This individual will become the Director of Economic Development efforts with all of the 
Innovation Centers/incubators established through this proposal. 

The second effort would be to raise funds through either federal sources like Rural Development, 
donations, or the Navajo Nation to create an investment fund that a Board with expertise in analyzing 
business proposals believe have enough merit to deserve start-up funds.  The Director describe above 
would be in charge of the fund. 

The third effort is to hire a second professional, a Business Educator, to work with the Business 
Department at NTU to develop curriculum that can be used at the Innovation Centers to work with Navajo 
citizens interested in developing a business.    The Business Educator will also work with NTU professors to 
establish private sector partnerships for capstone projects designed to encourage research that will 
benefit private businesses and help lead to the development of Navajo businesses that help provide jobs 
in the Navajo Nation. 

II. To establish incubators that work hand in hand with the Economic Development 
structure, built through Goal I, to encourage business development in Fort Defiance, 
Shiprock, and Tuba City. 
 

This project will require three Innovation Centers to be designed and built in Fort Defiance, Shiprock, and 
Tuba City.  Each Innovation Center will be required to hire a Coordinator who will be asked to find 
businesses who need incubation services and to manage educational offerings (some online, some in-
person), secretarial, and accounting help to succeed.  Each Director will be responsible for helping develop 
business plans and working with the Innovation Center at Shiprock and the faculty at NTU to provide 
workshops and classes to help meet targets for business development in each of these communities. 

III. To launch an NTU MBA program specifically designed to help establish management and 
entrepreneurial expertise throughout the Navajo Nation. 
 

NTU currently offers two baccalaureate degree in business:  Business Management and Hotel and 
Restaurant Management.  The Hotel and Restaurant Management degree was developed in consultation 
with the Division of Economic Development.  The proposed MBA curriculum has been developed and 
emphasizes entrepreneurism as well as sound financial, business, and organization management skills.  



 
 

 

Additional funds are needed for faculty to launch the degree.  These faculty will be expected to offer 
services to the incubation network as well as offer classes at the Crownpoint campus. 

IV. To establish the Navajo Nation and NTU as a major hub in broadband Internet and 
research network capability in the Southwest United States. 
 

A complete set of projects is attached to this proposal along with the focus of each project.  These 
projects, or at least a selection of them, will put the Navajo Nation into a position as a leader for Internet 
and education communication worldwide.  They will also lead to innovations designed to lead to 
significant economic development over a twenty-year period. 

V. To hire a Director of Intellectual Property to complete the work at NTU designed to 
implement an aggressive strategy designed to create new business and income 
opportunities based upon cutting-edge research at NTU. 
 

The Director of Intellectual Property will be hired through this project, providing the first step in 
establishing the Navajo Nation’s infrastructure for developing patented, copyrighted, and trademarked 
Research and Development (R&D) designed to capture value for NTU and the Navajo Nation from research 
efforts at NTU.  Funding will also be needed for attorney fees, research, and the investment needed to 
launch and maintain an Intellectual Properties operation.   

VI. To implement the strategy to build a Navajo Center of the Environment in Chinle designed 
to capture some of the funds associated with the superfund cleanup activities with 
Abandoned Uranium Mines, solve well problems facing ranchers and herders and 
communities in the Navajo Nation, and work toward documenting environmental 
challenges faced by the Nation and providing mitigations to those challenges. 
 

An abstract of the proposal to establish a Navajo Center of the Environment, which was developed in 
consultation with the Navajo EPA, is attached to this proposal. 

VII. To establish a research fund that can provide stipends, equipment, and supplies designed 
to encourage student, faculty, university partner, tribal partner, federal agency partner 
research that holds promise for stimulating economic activity that will benefit NTU, 
Navajo students, and/or the Navajo Nation. 

 



 
 

 

Expenses related to developing a strong capstone course experience at Navajo Tech include stipends for 
students, travel expenses related to finding businesses willing to participate in efforts to have students 
work on the development of products and services with commercial value, research expenses, consultant 
expenses if the student’s need help in understanding technical aspects of projects, the purchase of 
equipment not already owned by NTU, and the purchase of any supplies needed.  Each four-to-six-
member student team and their faculty member will have a limited budget for each project, but the idea 
is to ensure that stipends and the provision of a budget will help ensure success with the projects.  Not all 
projects will end up benefiting economic development directly, but each project will end up helping 
students find high skill, high wage careers.  This part of the proposal is based upon successful efforts that 
have created explosions of economic development at universities surrounding Silicon Valley, the North 
Carolina Triangle, Rensellaer University in Albany, NY, Madison, WI, and other places. 

NTU would also like to create a research fund designed to encourage cutting-edge research that has 
Navajo economic development implications by faculty members. 
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Exhibit B 
Higher Education – Projects Lists: Broadband and Research Network Plan 
 
Updated 3/37/2021 
 
 
Fund Sources:  $1B for tribal entities 

   $285M for tribal colleges & universities 
 

1. Higher Education Fiber Connections.   
 
Navajo higher education will need direct fiber connections between campuses to aggregate services. 
Currently, ISPs connect facilities to their aggregation services (usually in Albuquerque, Dallas, or 
Phoenix). Navajo higher education should organize and establish private networks with consolidated 
ISP connections to innovate, share costs, and improve performance with other collaborators (e.g., K-
12, municipal government, etc.). 

 
NTIA    $550,000.00 
 
2. Navajo Nation – 12 Strand Project.  
 
In 2008, the Navajo Nation entered in to an agreement with NTUA to assess and build fiber capacity 
throughout the reservation in response to the American Recovery and Reinvestment Act (ARRA).  
NTUA install 500+ miles of fiber for their use to resell services to the tribe and to commercial 
enterprises.  NTUA established a subsidiary wireless company, ComNet, to sell services over the 
ARRA fiber to the community.  In this agreement, NTUA agreed to release 12 strands of fiber from 
the ARRA funded bundle of fiber for tribal use.  After years of negotiations, the strands are still 
unused.  Higher education proposes to negotiate access to the 12 strands (1 pair production, 1 pair 
maintenance, 1 pair backup) with the assistance of NNTRC.  Pending further negotiation with NTUA, 
the use of the fiber may be used to establish a regional network for educational use.  NTU and Dine 
College will organize, support, and manage the network with participation from ETCs. The project 
will require NN to secure right of way, co-location, power, cross-connects, and other operational 
needs to use the strands for educational use.  A revision to the MOU is likely needed. 
 
NTIA    $4,155,000.00 
 
3. Higher Education Campuses.  As a pilot, NTU proposes to establish a private ethernet 

connection to their Chinle campus to allow for a secondary route to a carrier ISP location in 
Dallas.  This option enables route diversity and disaster recovery.  The second location that 
Navajo higher education institutions should connect to is Phoenix, Arizona with the Sun Corridor 
Network and the third location is with either the Utah Education and Telehealth Network (a 
Four Corners Project) or to Los Angeles, CA at One Wilshire. 

 
NTIA    $4,405,000.00 

 
4. Navajo EBS Pilots. 
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NTU and Dine College are active users of alternative wireless to connect students and teachers 
around their locations.  Both campus IT organizations are using an FCC special temporary authority 
(STA) to deliver services and to collaborate with ETCs.  Navajo higher education proposes to 
establish public/private partnerships with ETCs to implement EBS broadcast locations for research 
and student connectivity (or the Internet to the Hogan Project @ NTU), and where ETCs have no 
viable business plan to support these locations.  This project would provide capacity builds to 
support tribal use of EBS spectrum in locations around schools, particularly schools that are more 
isolated from populated areas, for a 10-mile radius. This would allow support for mobile 
connectivity and also provide an alternative for connecting students to schools. 

 
NTIA    $1,738,000.00 

 
5. Tribal Regional Aggregation 
 
NTU proposes to establish a regional aggregation location in Albuquerque, NM at the H5 Datacenter 
with a private or regional collaborator (e.g., ETC and/or ABQ-G) and in Phoenix, AZ at the Digital 
Realty with Sun Corridor Network to establish tribal direct connections to Internet2 and to shared 
commodity connections to lower the cost of research and internet connectivity for tribal 
organizations (including higher education, K-12, and municipal government).  The aggregation model 
may assist other tribes in New Mexico, Arizona, and Utah in cooperation with other regional 
education and research networks.  Besides improving connectivity and lowering costs, this option 
may introduce staffing and technical support for the participating organizations. NTU will prepare an 
NSF Cyberinfrastructure proposal in October 1, 2021 to start the planning and discovery to establish 
a model for Navajo Nation and other TCUs. 
 
ARA    $1,866,000.00 
 
6. Navajo Students / Route ISP Improvements. 
 
This project would provide capacity builds along existing routes between communities to connect 
campus to home or Chapter Houses, for example, along Route 160. Navajo students and teachers 
drive 2-3 hours one way to connect to WiFi to download classroom materials, charge phones and 
tables, and update their devices.  This project would ask an ETC to add EBS or CBRS wireless along 
the route so that students may connect to the network in the school vehicle (or bus).  Providing 
coverage for mobile connectivity along the entire route would allow students to utilize travel time 
for education and help close the homework gap.  NTU and Dine College recommend that alternative 
wireless options should be used to determine the best solution for these types of projects. 
 
ARA    $8,532,000.00 

 
7. Library Collections / Eduroam.  
 
The Navajo Nation is creating a Library District for Chapter House libraries (authorized for E-Rate 
funding).  The new libraries should benefit from shared library collections with the universities and 
colleges.  An additional investment in shared staffing, inter-library loan between libraries, shared 
reference services, a shared or union catalog of materials that may be locally collected and shared 
for library users.  The alignment with university library programs and services will benefit the K-12 
academic bridge for Navajo students.  In addition to helping the new Navajo Nation Library District 
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to share collections, and reference and online materials, the contribution of library archival and 
preservation resources may assist the Tribe to support museums and to preserve and catalog 
artifacts that reflect its history and politics.  To help start the new library district, NTU and Dine 
College’s participation in Eduroam (federated connectivity) and InCommon (shared resources) with 
institutions of higher education throughout the United States. 
 
NTIA    $7,950,000.00 

 
8. New Fiber Route Diversity – Phoenix / Sun Corridor Network (APS) 
 
Arizona Power Service (APS) has opened up fiber through Sun Corridor Network at the Cholla Power 
Plant (between Holbrook and Winslow) for educational use.  By building a new fiber route through 
Window Rock, Arizona to the power plant, Navajo higher education organizations may connect to 
Arizona’s regional optical network, the Sun Corridor Network, in two locations in Phoenix – Digital 
Realty and Iron Mountain – for access to Internet2, Arizona’s K-20 peering, and access to federal and 
State of Arizona operations.  
 
ARA    $20,574,800.00 

 
9. Four Corners – NTU / Teec Nos Pos Campus 
 
Access to high-speed connectivity in the Four Corners is limited and, in many cases, unavailable.  A 
new fiber build initiated by the Utah Education and Telehealth Network (UETN) will add 12 strands 
of fiber from Bluff, Utah to Page, Arizona.  This capacity build would support an historically 
incomplete development. This project would not only connect an NTU branch campus, but also 
fulfill a long-standing need for collaboration with the Utah Education Network and Four Corners 
collaboration.  Navajo higher education proposes to collaborate with UETN to add fiber capacity to 
Navajo Technical University’s Teec Nos Pos campus.  This collaboration may also consider adding 
fiber from Navajo Mountain to Cortez, Colorado to access internet service providers in Denver, CO. 
 
ARA    $15,940,800.00 

 
10. Higher Education and DODE E-Rate. 
 
DODE recently was awarded $53 million dollars to build new or connect existing Chapter 
Houses/Libraries on Navajo.  Navajo higher education proposes to plan and build E-Rate schools 
with engineering directives that benefit the communities, higher education campuses, and research 
locations.  The “dig once” philosophy for E-Rate projects must contribute to new added capacity for 
the community of educational organizations, whenever possible.  Led by DODE, NNTU, and 
Community Development, Navajo higher education requests access to engineering plans, overbuild 
proposals, and a commitment to allow for capacity improvement for college/university 
collaborators.  Higher education would benefit from bringing in an additional E-Rate consultant to 
negotiate with DODE’s project, technical, and implementation plans. 
 
ARA    $410,000.00 
 

11. Navajo Trust Lands Connectivity – Alamo, New Mexico.  
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Navajo trust lands are located outside of the contiguous reservation community.  They lack the 
benefits of tribal utilities, communications, and services.  Navajo higher education proposes to 
establish private/public partnerships to connect schools, libraries, and research locations on trust 
lands to connect back to Navajo connected services at NTU and Dine College.  The extension of 
these services as either a primary or secondary option will improve homework gap solutions, 
support municipal buildings/service areas, and extend services where often under-served Navajo’s 
reside and learn.  In some cases, the trust lands are located near to national or state research 
facilities.  In Alamo, New Mexico, the route between the trust lands and the Navajo reservation 
should be extended to a National Science Foundation location near Magdalena, New Mexico. 
 
ARA    $14,097,600.00 

 
12. Navajo Nation / Wireless Test Beds 
 
Every attempt should be made to extend connectivity to home with the most reliable and cost-
effective service available.  Because of the size of the Navajo Nation, the current and future use of 
wireless connectivity is needed and a likely long-term method of connecting Navajos to education, 
healthcare, and public safety.  By investing in building permanent test beds on the Navajo Nation, 
NTU and Dine College propose to build applied research collaborations with regional universities to 
install, test, plan, and examine wireless options for the community.   These investments would result 
in accelerated research in wireless technologies that will directly benefit the local ETCs and 
therefore the Navajo community.  This project would create test beds for the universities, 
particularly a wireless experimentation center on Navajo, working with organizations such as 
Google, Amazon and Facebook, who currently have rural connectivity projects in Asia and other 
areas. This would allow the universities to draw public sector investments and develop solutions 
specific to Navajo. 
 
NTIA    $14,300,000.00 

 
13. Mobile WiFi. 
 
Navajo and other educational organizations throughout the country are purchasing thousands of 
mobile internet connectivity devices, or MiFis.  These devices allow K-12 students, higher education 
students and teachers to connect while off campus.  The devices are often delivered with unlimited 
4G data, if purchased through national education programs (e.g., T-Mobile Empower).  Other MiFi 
agreements require the student to limit use or incur added data costs for monthly academic (and 
personal) use.  Higher education on Navajo should consider strategic sourcing of MiFis to increase 
data caps and lower monthly reoccurring costs.  These devices, as of today, may be considered to be 
transitional during COVID-19.  However, they may be needed for ongoing service if the colleges 
continue to extend campus services to home where limited other fixed or alternative wireless is 
undeveloped.  Higher education should consider advancing data collection, strategic sourcing 
(collective procurement), and targeted ETC cellular investments.  In some cases, ETCs have not been 
billed for services.  Higher education should determine the cost exposure when billing is initiated for 
micro campuses, community WiFi, and other locations. 
 
NTIA    $22,780,000.00 

 
14. Rural Health Care (RHC) 
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Improvements in rural health programs and services are needed to respond to COVID-19 impacted 
communities and individuals on Navajo.  Access to reliable connectivity in addition to the academic / 
professional preparation of nurses and other health care practitioners is directly supported and 
delivered by higher education organizations with public health, nursing, and science related 
programs (that lead to health care certificates and degrees).  External funding in support of 
connectivity and direct program support may assist higher education organizations to increase 
enrollment, improve academic support, and align broadband projects in direct support of tribal 
health.   Collaborations may include the planning and use of alternative wireless, direct HIPPA data 
collection solutions for rural and isolated locations, and the need to advance health related practice 
with videoconferencing, emergency care, and community health.  See the following current update 
for RHC and E-Rate: 
 
“Waive the RHC and E-Rate program gift rules to permit service providers to offer, and eligible RHC 
and E-Rate entities to solicit and accept, improved capacity, Wi-Fi hotspots, networking gear, or 
other things of value to assist health care providers, schools, and libraries as well as doctors and 
patients, teachers, students, school administrators, and librarians and patrons during the 
coronavirus outbreak. These gifts could include but are not limited to free upgrades to connections, 
connected devices, equipment, and other services for RHC program participants who provide care 
via telemedicine and free broadband connections, devices, or other services that support remote 
learning for students and teachers who will be taking classes at and providing instruction from home 
as a result of COVID-19.” 
 
ARA    $7,525,000.00 

 
15. Low Orbit Satellite and Movable Airships. 
 
Recent investments in low orbit satellite broadband and the innovative deployment of both 
payloads and broadband delivered by movable airships will be part of the higher education 
broadband portfolio.  The continued deployment of Starlink satellites and the next phase flights and 
technical innovations of Sceye provide potential broadband options for students, faculty, and for the 
next generation of internet of things (IOT) communications options.  SCEYE may also create a new 
industry by carrying scientific payloads into the stratosphere.  Higher education will benefit from the 
success of both businesses.  Investments in R&D and the experimental deployment of Starlink 
satellite broadband at locations where service diversity is required will improve higher education’s 
ability to connect and expand academic programs.  Additional experimentation with free space 
optical and alternative wireless would benefit the Navajo Nation. 
 
ARA    $22,800,000.00 

 
 

16. E-Rate Overbuild 
 
DODE was awarded $53m in E-Rate funds to connect chapter houses and K-12 schools on Navajo.  
The rapid release of RFPs to collect proposals to implement USAC guided fiber is underway.  
Overbuilding the fiber routes is a well-established practice.  The current RFPs allow for ETC 
overbuilds.  Higher education supports the overbuild practice.  To the extent possible, and fulfilled 
within the RFP guidelines, higher education requests participation in the E-Rate network design 
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activity to ensure that college/university locations requirements are identified for the overbuild 
network design.  Navajo’s E-Rate project is currently managed by DODE, Community Development, 
and Navajo Telecommunications and Utilities. 
 
ARA    $15,840,000.00 

 
17. Regional Connectivity – Santa Fe, New Mexico 
 
Under the direction of Kimball Sekaquaptewa, CTO of the Santa Fe Indian School, several tribal 
broadband projects along the Rio Grande between Santa Fe to Albuquerque have been invited to 
plan, build, and improve broadband for homes, schools, and businesses.  In support of this grounds-
up project, NTU proposes to build a fiber route that will connect tribal organizations to routes on 
Navajo to improve route diversity and to extend a new service to Santa Fe for Navajo use.  On a 
route to be determined because of checkerboard land assignment on Eastern Navajo, the project 
should connect to schools and communities such as Cuba, New Mexico and Farmington to the north. 
 
ARA    $31,838,400.00 
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Project Summary: 
 

 

Tab Details Projects American Recovery Act NTIA Broadband

1 HE-LA Higher Education Fiber Connections (Phx/LA) $550,000.00
2 12 Strands Navajo Nation 12 Strand Project $4,155,000.00
3 DC-NTU Campus Higher Education Campus Connections $4,405,000.00
4 EBS Pilots Navajo EBS Pilots (10) $1,738,000.00
5 NM Aggregate Tribal Regional Aggregation $1,866,000.00
6 Mobile-Routes Navajo Students / Route Improvements $8,532,000.00
7 Library/Eduroam Academic Resources Expansion $7,950,000.00
8 APS-SCN-NTU APS/SCN Route Diversity $20,574,800.00
9 4Corners Four Corners / Fiber Build $15,940,800.00

10 DODE E-RATE Higher Education and DODE E-Rate $410,000.00
11 Navajo Trust Navajo Trust Lands - Alamo NM $14,097,600.00
12 NTU-DC Testbed Navajo Nation Wireless Testbeds $14,300,000.00
13 Student Connect Mobile-WiFi $22,780,000.00
14 DC-NTU Health Rural Healthcare $7,525,000.00
15 Innovate Low Orbit Satellites / Moveable Airships $22,800,000.00
16 E-RateOver E-Rate Overbuild $15,840,000.00
17 SF Route Diversity Regional Connectivity - Santa Fe NM $31,838,400.00

$139,424,600.00 $55,878,000.00

Total $195,302,600.00



Exhibit C 

Navajo Technology University Pandemic Response 
 
Goals, Five Year Budgets 
 

 Create mental health campus and outreach centers at NTU in Crownpoint and NTU to 
address short and long-term mental health challenges created by covid with students 

 

Mental Health Counselors  $ 550,000.00  

Operations (5 years)  $ 100,000.00  

  

Total  $ 650,000.00  
 

 Expand programs designed to help students catch up on their studies by expanding 
summer, interim, and tutoring programs for the students in our instructional sites in 
Crownpoint, Zuni Pueblo, and Kirtland, New Mexico and Chinle and Teec Nos Pos, 
Arizona. Because of the poverty most students face, we are struggling to find a way to 
offer these special efforts without cost to students. 

 

7 tutors total * 5 years  $ 2,625,000.00  

Summer and Interim Sessions 5 years  $    500,000.00  

  

Total  $ 3,125,000.00  
 

 Upgrade classrooms with better ventilation and to allow for better social distancing 
 

Renovations   $ 2,250,000.00  
 

 Expand the interface between K-12 programs and the university. A number of strategies 
to accomplish this are important.  Some of these are: 

o Offering creative writing, science, maker technology, and science fairs where 
college students and either middle school or high school students interact, 

o Working to create both baccalaureate degrees and graduate degrees in teacher 
education for early childhood, math, technology, Navajo language and culture, 
English, and other areas having trouble finding instructors willing to work in 
remote regions of the Navajo Nation, 

o Strengthening programs that allow high school students to earn college credits 
while in high school. 

 
Fairs, poster competitions, etc. for middle & high school  $    100,000.00  



Expand teacher education  $ 1,980,000.00  
Dual Credit  $ 2,000,000.00  

  
Total  $ 4,080,000.00  
 
 

 Increase enrollment and engagement, achieving parity with college educated population 
with other communities in the United States, through internships, service learning, 
externships, project based learning, and other learning strategies that strengthen 
Navajo chapterhouses and communities.   

 

Travel  $    125,000.00  

Stipends for students  $    200,000.00  

Supplies for community projects  $ 1,000,000.00  

Mentor Costs  $    750,000.00  

  

Total  $ 2,075,000.00  
 

 Create an isolation building where students that need to be isolated from others can 
have a place to stay until they can move back to the dorm and attend classes. 

 
Build a modular housing unit, one for 
female and one male, with at least three 
bedrooms,   $ 400,000.00  
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Exhibit D 

Navajo Nation Water Institute: Research, Education and Community Outreach Project 

 

Executive Summary 

One of the largest present-day problems facing Navajo people is access to clean and safe 
water resources. Many residents of the Navajo Nation suffer from limited access to good quality 
water; Navajo households are 19 times more likely than white households to be without running 
water (Roller et al., 2019). Navajo Technical University (NTU) intends to establish a Navajo 
Nation Water Institute at their Crownpoint campus. The role of the institute will be to generate 
significant technological and institutional innovations that build upon research done by NTU 
students and faculty; providing a greater understanding of the links between traditional 
knowledge and modern science for a comprehensive perspective of the Navajo Nation’s 
environment and ecosystems. The institute will leverage existing expertise in environmental and 
natural resources to develop Navajo-centered solutions to environmental challenges faced by the 
Navajo Nation. 

The educational mission of the Navajo Nation Water Institute will be broad and will 
provide outreach to Navajo communities, collaborations with governmental agencies, other 
universities/institutions, and potential employers of NTU graduates. The Navajo Nation Water 
Institute will operate a unique interdisciplinary Tribal Colleges and Universities (TCU) research 
center designed as a space for bringing together traditional knowledge and modern science to 
develop Navajo/Native Nation-centered solutions to environmental challenges that the Navajo 
Nation and other Native Nations face. 

The inaugural project of the Navajo Nation Water Institute has already begun. In 
September 2020 NTU and New Mexico Institute of Mining and Technology (NMT) signed a 
memorandum of understanding to address the lack of clean and safe water resources by piloting 
a novel technology for treating marginal water in off-grid locations. Process Equipment and 
Service Company, Inc., (PESCO), is also part of this collaboration as an industrial development 
partner. The NTU-NMT Navajo Nation Water Purification Project (N4WPP) focuses on      
building opportunities that will prepare scholars, researchers, and a future workforce with high-
level technical expertise in the fields of Environmental Science and Engineering. This project 
will involve students in all research and outreach activitie     s, with the goal of creating pathways 
for Navajo students to receive technical training, participate in relevant internship opportunities, 
advance into graduate studies, and eventually return to the Navajo Nation equipped to manage 
the complex long-term water resource challenges.  

N4WPP is a comprehensive collaboration focusing on research, education, outreach and 
workforce development among NTU, NMT, and PESCO with numerous smaller partnerships on 
particular aspects of the project. The proposed Navajo Nation Water Institute is necessary to 
provide the institutional and technological      support that is essential for the success of N4WPP 
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and future collaborations that advance the research, technological skills and education of 
students at NTU.  

 

     Environmental science students from Navajo Technical University (NTU) test water samples 
from a well that is not suitable for human use.  

Problem Statement 
The lack of adequate            clean and safe water      on the Navajo Nation is due in part to 

lack of infrastructure, coupled with      poor water quality, characterized by      high salinity, 
microbial and metal contaminants,     , all common problems throughout the arid Southwest. The 
Navajo Nation covers more than 27,000 square miles, an area slightly larger than the state of 
West Virginia. Sitting on the southwestern portion of the Colorado Plateau, the Navajo Nation’s 
geography and topography are characterized by arid deserts, high plateaus with alpine forests, 
mesas, and mountains with altitudes ranging from 2,750 feet in the low desert to 10,388 feet in 
the mountains (Navajo Tourism Department, 2020).  

While the Navajo Nation has experienced drought conditions for decades, the current 
patterns in changing climate have made the Nation even more drought-prone (Gonzales et al., 
2018; Jantarasami et al., 2018). According to the U.S. Drought Monitor (USDM), the longest 
duration of drought in New Mexico since 2000 (Moderate Drought or D1- Exceptional Drought 
or D4) lasted 329 weeks from May 1, 2001 to August 14, 2007 (Figure 1). The most intense 
period of drought occurred the week of January 19, 2021, when D4 (Exceptional Drought) 
conditions affected 54.27% of the state, much of which fell within the Navajo Nation. 
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Figure 1     . The U.S. Drought Monitor (USDM) data showing drought conditions in New 
Mexico since 2000. Where D0 = Abnormally Dry; D1 = Moderate Drought; D2 = Severe 
Drought; D3 = Extreme Drought; and D4 = Exceptional Drought. 

Anthropogenic activities (human-     caused activities) have also contributed to the 
unavailability of clean and safe water for Navajo people. There is a long history of mining on the 
Navajo Nation which has included mining for gold, copper, lead, and silver since the mid-1800s, 
uranium since the early 1900s, and coal since the 1960s. In addition to naturally high levels of 
metals in groundwater, mining activities resulted in large areas of soil, water, and air pollution. 
Exposure to toxic metals may occur from soil contamination, drainage of contaminated mine 
water, or air pollution from coal-fired energy plants. Additionally, nearly one-third of the Nation 
does not have access to a public water supply (Corlin et al., 2016). An estimated 30% of 
households rely on water hauled from unregulated wells and springs (USEPA, 2016), many of 
which have elevated metal levels. 

Exposure to metals has been associated with cardiovascular disease (CVD), diabetes, and 
respiratory disease. Lead, cadmium, arsenic, and to a limited extent mercury, have been reported 
to cause changes in lipid metabolism, blood pressure, and endothelial damage leading to CVD 
(Cosselman et al., 2015). Furthermore, studies indicate that high levels of exposure to cobalt, 
copper, and selenium can lead to CVD (Navas-Ancien et al., 2005). Studies in Taiwan, 
Bangladesh, and the United States have demonstrated a relationship between exposure to arsenic 
in drinking water and Type 2 diabetes (Chen et al., 2009; Navas-Ancien et al., 2008), and other 
studies indicated an association between cadmium and diabetes.  
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Most recently, COVID-19 has had a drastic impact on the Navajo. According to CNN, by 
mid-May 2020, the per capita COVID-19 infection rate on the Navajo Nation was higher than in 
New York (CNN, 2020). Reasons for this high rate included poverty, crowded living conditions, 
lack of running water, and inadequate access to health care (Kakol et al., 2020). The Center for 
Disease Control and Prevention (CDC) continues to stress the importance of maintaining 
personal hygiene to prevent the spread of COVID-19. But, with almost one-third of the Navajo 
population living without access to fresh running water, many members of the Navajo Nation 
have found it challenging to follow this guidance. And, there is an increased risk of exposure to 
the novel coronavirus each time they leave their homes to buy bottled water from stores or to 
haul it from communal wells. Equally important, many Navajo people need water to irrigate their 
agricultural fields and/or to feed their livestock (Bunnell et al., 2010; Corlin et al., 2016; Credo et 
al., 2019; Foodtank, 2020; Hoover et al., 2018; Ingram et al., 2020; Lewis et al., 2017). 

Navajo Nation Water Institute 

Navajo Technical University (NTU) intends to establish a Navajo Nation Water Institute 
(Figure 2     ) at their Crownpoint campus. The role of the institute will be to generate significant 
intellectual innovations that build upon research done by NTU students and faculty; providing a 
greater understanding of the links between traditional knowledge and western science for a 
comprehensive perspective of the Navajo Nation’s environment and ecosystems. The institute 
will be a driving force in the development of Navajo-centered solutions to environmental 
challenges faced by the Navajo Nation.  

The educational mission of the Navajo Nation Water Institute will be broad, reaching out 
to Navajo communities, governmental agencies, other universities/institutions, and potential 
employers of NTU graduates. It is the intention of the institute that graduates of NTU become 
the workforce that solves the environmental problems impacting the Navajo Nation (such as 
AUM contamination, and access to clean water), and provide the Nation, and NTU, with the 
tools to ensure that any private sector contractors hired with superfund resources meet the needs 
identified by the Navajo people and follow mandates designed to mitigate future disasters. The 
innovations developed through this project will have practical applications as well as produce 
new knowledge. It will bring together traditional knowledge of the Colorado Plateau’s 
environment, water issues, and challenges, and western science in the space of a TCU research 
center.  
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Figure 2     . Schematic Diagram of proposed Navajo Nation Water Institute 

 

Major Design Elements of The Navajo Nation Water Institute 

1. Research- Supporting research activities that demand high skill levels conducted by NTU 
students and faculty. 

2. Academic- Supporting current academic programs at NTU (e.g. Environmental Science, AAS 
& BS; Environmental Engineering, AAS & BE) and providing a bridge into graduate studies for 
students wishing to continue their education at NTU or another institution. 

3. Services- Giving back to the communities NTU students and faculty participate in (families, 
chapters, tribal agencies, state agencies, private entities) through the knowledge and skills 
developed at NTU (e.g. environmental planning, assessment, consultation). The institute will 
provide free water testing to Navajo communities. 
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4. Collaboration- Building partnerships and a broad research network across the country by 
collaborating with other TCUs, institutions/universities, national labs, and research centers. 

5. Entrepreneurship- Supporting students and faculty in developing patentable products as an 
outcome of their research activities. 

Project Goals of Navajo Nation Water Institute  

I.      Establish a state-of-the-art laboratory capability for testing heavy metals in      water, air, 
plants, soil, and other elements in ecosystems of the Navajo Nation to the U.S. EPA certified 
standard; ensuring environmental challenges faced by the Navajo Nation are identified and 
analyzed to protect the long-term interests of Navajo people. 

II.    Collaborate with other institutions/universities, such as NMT, in developing a bridge 
into graduate study programs for NTU students to pursue masters and PhD studies following 
graduation. NTU students will utilize Navajo Nation Water Institute to develop skills through 
an experiential curriculum to prepare them to enter the workforce or continue their studies. 

III.  Create partnerships with Dinè Studies programs, faculty, students, and practitioners to 
guide the Navajo Nation Water Institute’s work and act as advisory mediators in developing 
materials for Navajo people, chapter houses and the Nation. 

IV.  Continue and extend the robust research network that allows for collaborations between 
NTU and universities/institutions around the world. These efforts have been supported 
through a partnership with Internet 2 and, in the past, funding from the National Science 
Foundation. 

V.    The Navajo Nation Water Institute will generate significant intellectual innovations and 
provide greater understanding of the links between traditional knowledge and western 
science for a comprehensive perspective of the Navajo Nation’s environment and 
ecosystems, through research and collaborations in Environmental/Cultural/STEM fields and 
the support of tribal economic and entrepreneurial development goals. 

Current Status of Navajo Nation Water Institute 

The inaugural project of the Institute began when Navajo Technical University (NTU) 
and the New Mexico Institute of Mining and Technology (NMT) signed a memorandum of 
understanding in September 2020 to pilot a novel technology for treating marginal water in off-
grid locations in order to address      the lack of clean and safe water resources on the Navajo 
Nation. With the assistance of  Process Equipment and Service Company, Inc., (PESCO), an 
industrial development partner, the NTU-NMT Navajo Nation Water Purification Project 
(N4WPP) seeks to partner with tribal communities and organizations to field-test this treatment 
system with the long-term goal of developing a sustainable and economically viable solution for 
providing water suitable for human consumption. This project will involve students in all 
research and outreach aspects, with the intent of creating pathways for Navajo students to receive 



7 
Navajo Nation Water Institute 

technical training, participate in relevant internship opportunities, and remain on the Navajo 
Nation equipped to manage the complex, long-term water resource challenges. This 
collaboration between NTU,  NMT, and PESCO has made the need for a Navajo Nation Water 
Institute at NTU clear. The institute is needed as a structural and financial foundation      for 
collaborations, research, education, and workforce development at the scale the N4WPP  plans to 
develop into.  

The water treatment system is a new desalination technology (patent-pending) developed 
by the Petroleum Recovery Research Center (PRRC) at NMT, and part of the goal of the project 
is to field test the lab-tested technology. Low-quality water, unsuitable for human consumption 
and/or livestock or agricultural use will be channeled through the filtration unit, which is made 
up of a hollow fiber membrane. The units can filter out salt, phosphates, nitrates, and heavy 
metals, yielding improved quality water. This project will provide education and research 
opportunities for NTU students with a long-term goal of providing clean drinking water 
throughout the Navajo Nation. Students will work with researchers to identify sites on the 
Navajo Nation that are suitable for the installation of this water filtration system. The teams will 
collect water samples for testing at NMT facilities in collaboration with the New Mexico Bureau 
of Geology and Mineral Resources. In the future these tests will be run at the Navajo Nation 
Water Institute. Once site locations are identified, teams will install and test the water filtration 
equipment. Students will gain training on how to monitor the filtration systems and test the 
water. In the process, students will gain skills needed to maintain the equipment for long-term 
sustainability of each system within each community. Students will participate in outreach 
activities to Navajo Nation communities; educating members about water quality, the filtration 
system, system maintenance and simple repairs; to build capacity among the community 
members for maintaining the systems long-term and fostering understanding of the role of water 
quality in Tó éí ííná (Water is Life). 

Education. N4WPP is focused on building opportunities that will produce a diverse 
group of scholars, researchers, students, and future workforce members with high-level technical 
expertise in the fields of Environmental Science and Engineering. Not only will students be 
trained on the technical aspects of the water filtration research, they will also be trained in 
community involvement across the Navajo Nation. The NTU-NMT partnership will open the 
door for NTU students to pursue graduate studies at NMT and provide opportunities for current 
NMT graduate students to facilitate this transition through mentoring. 

Technology. The filtration technology was developed by research scientists at the PRRC 
in Socorro, New Mexico.  It involves the application of a hollow fiber membrane-based direct 
contact membrane distillation (DCMD) process.  The hollow fibers are bundled and installed in a 
series of filter modules which are installed in the filtration unit. The filtration units are made up 
of bundles of hollow fiber membrane – thin polymer “straws” with a coating to help filter 
contaminants. Each straw opening is about the width of a human hair and is called a “nanofiber.” 
The units can filter out salt, phosphates, nitrates, and preliminary results suggest very effective 
removal of other elements, including Li, Mg, Sr, Ba,   Further assessment of effectiveness of 
heavy metal removal is ongoing.  The initial test units will be designed to treat 10,000 gallons 
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per day of water containing up to 200,000 mg/L of total dissolved solids (TDS). The units are 
planned to be skid-mounted and enclosed in a weather-proof container approximately 8' wide x 
20' long x 8' tall.  The skid can be delivered to the well and set on the ground or mounted on a 
trailer in cases where portability is required. 

The process flow of the unit begins with the inflow of the contaminated water source 
(feed solution) into an internal surge tank.  From there, it is circulated by pump through a feed 
solution cycle loop where it flows through the filter modules, coming in direct contact with the 
hollow nanofiber filter media.  Pure water from the feed solution side migrates, via the DCMD 
process, across the media over to a permeate water circulation loop. As permeate water builds in 
the treated water surge tank, it is transferred to a treated water storage tank and then tested to 
verify that it meets treatment objectives and made available for livestock or domestic use. During 
the process, the TDS of the feed solution loop will build. When it reaches a predetermined set 
point of maximum concentration for the system, the concentrate will be moved to a concentrate 
holding tank to be disposed of.  Then, the cycle starts again. The TDS concentration of the 
contaminated water source directly affects the ratio of treated water to concentrate produced by 
the unit. Previous studies showed the efficiency of this process for desalinization (Zou et al., 
2020; Zou et al., 2021). Figure 3      shows a process flow diagram of this process. 

 

Figure 3     . Flow diagram of the hollow fiber membrane-based direct contact membrane 
distillation (DCMD) process. 

In year 1 of the project, two units will be installed and operated at field sites, and in both 
years 2 and 3, four more units will be installed at additional field sites     , for a total of 10 units. 
Each unit will be tested for two years. NTU students and Principal Investigators will be 
responsible for daily maintenance, and operation of the test units along with sampling of the inlet 
and outlet water on a periodic basis. The collected samples will be shipped to the New Mexico 
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Bureau of Geology and Mineral Resources analytical chemistry laboratory. All the samples will 
be tested for general water chemistry (pH, alkalinity, conductivity, TDS and hardness 
calculations, Br, Cl, F, NO2, NO3, PO4, SO4, Na, K, Mg, Ca) and trace metals (Al, As, Be, Cd, 
Cr, Co, Cu, Pb, Li, Mo, Ni, Ag, Tl, Th, Sn, Ti, U, V, Zn, Ba, B, Mn, Sb, Se, Sr, Fe, Si), volatile 
organic compounds, and fecal coliform. In the future these tests will be run at the Navajo Nation 
Water Institute. 

NTU students will be involved in operating units, analysis of water samples and 
interpretation of results. The PRRC will train NTU students for: 1) hollow fiber membranes 
customization for the test site; 2) generation of the membranes; 3) training conducting membrane 
bench scale experiments; and 4) water sample analysis. The Process Equipment and Service 
Company, Inc., (PESCO), an industrial development partner on the project, will train the NTU 
students to operate and maintain the units. This operational knowledge acquired by NTU 
students may lead to employment positions with PESCO if the implementation of the technology 
is successful and a corresponding need is identified within communities on the Navajo Nation. 
PESCO currently employs 141 Native Americans (65% of their workforce) most of whom are 
Navajo. 

Conclusion 

The development of the Navajo Nation Water Institute will create a TCU research center 
with interdisciplinary support which is a space for the bringing together of traditional knowledge 
and western science. Within this space, Navajo intellectual innovations will be generated and 
Navajo-centered solutions developed to meet the environmental challenges the Navajo Nation 
faces. The Navajo Nation Water Institute’s inaugural project, N4WPP, is a very ambitious 
collaboration, research, education, outreach and workforce development plan between NTU, 
NMT, and PESCO. The scale of this project requires the structural and financial support a 
Navajo Nation Water Institute can provide.  

 

Key Tasks 

Task 1: Hire NTU undergraduate students 

Task 2: Hire NTU a new faculty, a coordinator and a lab technician  

Task 3: Equipment purchase and facility renovation for Navajo Nation Water Institute Research 
Center 

Task 4: Hire NMT graduate and undergraduate students 

Task 5: Hire NMT coordinator and lab technician 

Task 6: Purchase, install,      ,      operation, and test      Water Treatment Units 

Timeline 

Task 1: Q1, Year 1 - Q4, Year 5 
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Task 2: Q1, Year 1 - Q4, Year 5 

Task 3: Q1, Year 1 - Q4, Year 2 

Task 4: Q1, Year 1 - Q4, Year 5 

Task 5: Q1, Year 1 - Q4, Year 5 

Task 6: Q1, Year 1 - Q4, Year 2 

Task and Timeline Narrative 

 NTU students are fundamental to every aspect of the Navajo Nation Water Institute and 
the generating of significant technological and institutional innovations. Therefore, Task 1 is to 
hire NTU students to participate in work being done at the Institute’s research center and the 
inaugural project, N4WPP, for all semesters/quarters and summer sessions of Years 1 - 5. A new 
faculty member will be hired by NTU to expand Environmental Science and Engineering 
program offerings; and a coordinator for the Institute and a lab technician for the research center 
will also be hired. These new hires, Task 2, will happen in Year 1 and continue through Year 5. 
To support the creation of the Navajo Nation Water Institute, the research center, and the 
development of high-level technical expertise in students NTU facilities will require renovations 
and equipment purchased in Years 1 and 2. In support of the student focus of the Institute and 
N4WPP, NMT will hire graduate and undergraduate students for all semesters/quarters of Years 
1-4      to work in partnership with NTU students. The multifaceted nature of the numerous 
collaborations, incuding the permitting, research and analyses that are the responsibilities of 
NMT in this partnership with NTU, will be supported by a number of researchers at NMT 
devoting part of their annual research efforts to this project. A total of 12 researchers and support 
staff at NMT will dedicate variable amounts of time to the project, as outlined in the attached 
budget.      . Because the novel technology that will be used in the water filtration units for 
N4WPP was developed at NMT, in Years 1 and 2 the purchase, installation and operations of the 
units (Task 6) will be organized through NMT.  The ongoing operation and testing of the units 
will be done collaboratively between NMT and NTU, and this part of Task 6 will continue 
through all 5 years of the project.  
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Cost Categories Budget Yr Budget Yr Budget Yr Budget Yr Budget Yr Cummulative
Senior/Key Personnel:
Abhishek Roychowdhury (PI) $12,000 $12,360 $12,731 $13,113 $13,506 $63,710
Steven Chischilly (Co-PI) $6,000 $6,180 $6,365 $6,556 $6,753 $31,854
Abraham Meles (Co-PI) $6,000 $6,180 $6,365 $6,556 $6,753 $31,854
Thiagarajan Soundappan (Co-PI) $7,000 $7,210 $7,426 $7,649 $7,879 $37,164
New Faculty Hire $54,000 $55,620 $57,289 $55,073 $60,777 $282,759
fringe at 33.46% $26,434 $29,294 $30,174 $31,079 $32,011 $148,992

Other Personnel:
Coordinator - New Hire $37,800 $51,912 $53,469 $55,073 $56,726 $254,980
Lab Technician - New Hire $27,000 $37,080 $38,192 $39,338 $40,518 $182,128
fringe at 33.46% $21,682 $29,777 $30,670 $31,591 $32,537 $146,257
Undergraduate Student: 
Undergraduate Student 1 - Academic Yr $8,640 $8,899 $9,166 $9,441 $9,724 $45,870
Undergraduate Student 2 - Academic Yr $8,640 $8,899 $9,166 $9,441 $9,724 $45,870
Undergraduate Student 1 - Summer $2,880 $2,966 $3,055 $3,147 $3,241 $15,289
Undergraduate Student 2 - Summer $2,880 $2,966 $3,055 $3,147 $3,241 $15,289
Undergraduate Student 8 more-Academic Yr $69,120 $71,192 $73,328 $75,528 $77,792 $366,960
Undergraduate Student 8 more-Summer $23,040 $23,728 $24,440 $25,176 $25,928 $122,312
fringe at 8.28% $95,386 $98,242 $101,190 $104,229 $107,350 $506,397

Student Effort (FTE Months; AY/SUM/CAL): 12 12 12 12 12

Total Number Other Personnel 9 9 9 9 9

Total Salaries/Wages and Benefits $408,502 $452,505 $466,081 $476,137 $494,460 $2,297,685
Equipment: $1,000,000 $500,000 $0 $0 $0 $1,500,000
Total Equipment $1,000,000 $500,000 $0 $0 $0 $1,500,000
Travel:
1. Domestic $20,000 $20,000 $20,000 $20,000 $20,000 $100,000
2. Foreign $0 $0 $0 $0 $0 $0
Total Travel $20,000 $20,000 $20,000 $20,000 $20,000 $100,000
Participant/Trainee Support Costs:
1. Tuition/Fees/Health Insurance $0 $0 $0 $0 $0 $0
2. Stipends $0 $0 $0 $0 $0 $0
3. Travel $0 $0 $0 $0 $0 $0
4. Working Group Session Cost $0 $0 $0 $0 $0 $0
5. Other $0 $0 $0 $0 $0 $0
6. Number of Participants/Trainees 0)
Total Participant/Trainee Support Costs $0 $0 $0 $0 $0 $0
Other Direct Costs:
1. Materials and Supplies $20,000 $20,000 $20,000 $20,000 $20,000 $100,000
2. Publication Costs $0 $0 $0 $0 $0 $0
3. Consulting Costs $0 $0 $0 $0 $0 $0
4. ADP/Computer Services $5,000 $5,000 $5,000 $5,000 $5,000 $25,000
5. Subaward/Consortium/Contractual $0 $0 $0 $0 $0 $0
6. Equipment or Facility Rentals/User Fees $0 $0 $0 $0 $0 $0
7. Alterations and Renovations $0 $0 $0 $0 $0 $0
8. $0 $0 $0 $0 $0 $0
9. $0 $0 $0 $0 $0 $0
10. $0 $0 $0 $0 $0 $0
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Total Other Direct Costs $25,000 $25,000 $25,000 $25,000 $25,000 $125,000
Direct Costs $1,453,502 $997,505 $511,081 $521,137 $539,460 $4,022,685
Indirect Costs: $182,988 $200,743 $206,221 $210,279 $217,672 $1,017,903
Total Direct and Indirect Costs: $1,636,489 $1,198,249 $717,302 $731,415 $757,132 $5,040,588

SUBAWARDS:
$0 $0 $0 $0
$0 $0 $0 $0

$0 $0 $0 $0

$0 $0 $0 $0
SUBAWARD TOTAL $0

$5,040,588Total Requested including subawards



Cost Categories Budget Yr 1 Budget Yr Budget Yr Budget Yr Budget Yr Cummulative
Senior/Key Personnel:
Sharon Sessions $0
Bonnie Frey $0
Laila Sturgis $0
Michael Schaefer $0
Field Staff (Scott or Ethan) $0
Anne Gray
Haoying Wang
Jianjia Yu
Robert Balch
Leonard Garcia

fringe at 55.47% $26,434 $29,294 $30,174 $31,079 $32,011 $148,992

Other Personnel:
Coordinator - New Hire $37,800 $51,912 $53,469 $55,073 $56,726 $254,980
Lab Technician - New Hire $27,000 $37,080 $38,192 $39,338 $40,518 $182,128
fringe at 33.46% $21,682 $29,777 $30,670 $31,591 $32,537 $146,257
Undergraduate Student: 
Undergraduate Student 1 - Academic Yr $8,640 $8,899 $9,166 $9,441 $9,724 $45,870
Undergraduate Student 2 - Academic Yr $8,640 $8,899 $9,166 $9,441 $9,724 $45,870
Undergraduate Student 1 - Summer $2,880 $2,966 $3,055 $3,147 $3,241 $15,289
Undergraduate Student 2 - Summer $2,880 $2,966 $3,055 $3,147 $3,241 $15,289
Undergraduate Student 8 more-Academic Yr $69,120 $71,192 $73,328 $75,528 $77,792 $366,960
Undergraduate Student 8 more-Summer $23,040 $23,728 $24,440 $25,176 $25,928 $122,312
fringe at 8.28% $95,386 $98,242 $101,190 $104,229 $107,350 $506,397
Student Effort (FTE Months; 

AY/SUM/CAL):

12 12 12 12 12

Total Number Other Personnel 9 9 9 9 9

Total Salaries/Wages and Benefits $323,502 $364,955 $375,905 $387,190 $398,792 $1,850,344
Equipment: $1,000,000 $500,000 $0 $0 $0 $1,500,000
Total Equipment $1,000,000 $500,000 $0 $0 $0 $1,500,000
Travel:
1. Domestic $6,000 $6,000 $6,000 $6,000 $6,000 $30,000
2. Foreign $0 $0 $0 $0 $0 $0
Total Travel $6,000 $6,000 $6,000 $6,000 $6,000 $30,000
Participant/Trainee Support Costs:
1. Tuition/Fees/Health Insurance $0 $0 $0 $0 $0 $0
2. Stipends $0 $0 $0 $0 $0 $0
3. Travel $0 $0 $0 $0 $0 $0
4. Working Group Session Cost $0 $0 $0 $0 $0 $0
5. Other $0 $0 $0 $0 $0 $0
6. Number of Participants/Trainees 0)
Total Participant/Trainee Support Costs $0 $0 $0 $0 $0 $0
Other Direct Costs:
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1. Materials and Supplies $20,000 $20,000 $20,000 $20,000 $20,000 $100,000
2. Publication Costs $0 $0 $0 $0 $0 $0
3. Consulting Costs $0 $0 $0 $0 $0 $0
4. ADP/Computer Services $5,000 $5,000 $5,000 $5,000 $5,000 $25,000
5. Subaward/Consortium/Contractual $0 $0 $0 $0 $0 $0
6. Equipment or Facility Rentals/User Fees $0 $0 $0 $0 $0 $0
7. Alterations and Renovations $0 $0 $0 $0 $0 $0
8. $0 $0 $0 $0 $0 $0
9. $0 $0 $0 $0 $0 $0
10. $0 $0 $0 $0 $0 $0
Total Other Direct Costs $25,000 $25,000 $25,000 $25,000 $25,000 $125,000
Direct Costs $1,354,502 $895,955 $406,905 $418,190 $429,792 $3,505,344
Indirect Costs: $143,041 $159,768 $164,186 $168,740 $173,421 $809,156
Total Direct and Indirect Costs: $1,497,543 $1,055,723 $571,091 $586,929 $603,213 $4,314,500

SUBAWARDS:
$0 $0 $0 $0
$0 $0 $0 $0

$0 $0 $0 $0

$0 $0 $0 $0
SUBAWARD TOTAL $0

$4,314,500Total Requested including subawards
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