
Appendix C: HORUS Budget Justification

The HORUS budget has been developed to include the following elements: 1) Labor Cost; 2) Operations; 3) Travel; 4) ERE/Benefits; 5) IDC/Indirect Costs; 6) Capital Equipment; 7) Reserves. The next sections provide detailed justification for the individual elements.

Labor Costs

Estimation of the labor cost is derived directly from the staffing profile which is generated by mapping each task from the master schedule into equivalent FTEs required to accomplish it. Nevertheless, the staffing profile needs to account for the special nature of the project which is student-centered and professionally assisted. The HORUS team has been structured to provide an intelligent blend of academics, research scientists and professional engineers to guide the students toward accomplishing the goal of successfully designing, building and testing the proposed instrument. The Work Breakdown Structure (WBS) is organized such that each element includes a hierarchical substructure where every senior professional responsible for the element mentors the associated graduate and undergraduate students. Mentoring is also conceived to flow directly from graduate to undergraduate within the same WBS element and across the project borders.

IS, Deputy IS, Science Advisor and Engineering Advisor workload: Those four key positions are covered by tenured, tenured-track and research professors at University of Arizona. Dr. Chris Walker, Dr. Furfaro and Dr. Tyo have a 9-months academic appointment with UA and will charge 1 month/year in the time-frame 2011-2016. Dr. Kargel is 100% soft money and will charge 2 month/year in the same period. During the cruise, only the IS will be kept at 0.5 month/year. During OSIRIS REx operations (2020-2021), Dr. Walker, Furfaro and Kargel will cost 1 month/year. For all academics, the rate has been established to be 120K/year (1 FTE) with a 28.4% ERE/benefits (according to the UA current rates).  

Graduate and undergraduate students workload: During the instrument design, building and testing, the project is expected to employ approximately between 3 and 5 graduate students and between 5 and 15 undergraduate students, depending on the workload established by the various project phases. We expect to have a solid core of graduate students that works consistently on HORUS throughout phase B and C-D. We have already established a set of three highly interdisciplinary and motivated graduate students (see personnel section) that is willing to shift to different duties as function of the project phase. The staffing profile accounts for the needs of the project as function of time and the students FTE fluctuates accordingly. Nevertheless, in a highly multi-disciplinary environment, we are expecting that the graduate students will be able to maintain a 0.5 FTE throughout the duration of the project. Graduate students are expected to cost $46,000/year (1 FTE), with a 42.6% ERE/benefits rate (according to the current UA rates). Conversely, we are expecting to have a high turn-over of undergraduate students during the various phases of the projects. We will ramp-up the number of undergraduate students involved in the project during phase C-D where higher manpower is required for integration, test and instrument space qualification. Undergraduate students are expected to cost $10,000/year (1 FTE) with 3.4% ERE/benefits rate (according to the current UA rates).

During Phase E we will employ one graduate and one graduate student in planetary science/astronomy to perform data collection and interpretation. Moreover, a graduate student in computer science is expected to be employed as responsible of the ground software for data processing.

Professional Engineers workload: Professional engineers are required to a) provide expertise and skills for the most challenging tasks and b) operate as mentors for both graduate and undergraduate students. The following positions are expected to be covered by professionals: Instrument Manager, System Engineer, Electrical Engineer, Optical Engineer, Mechanical Engineer and Software Engineer. The FTE level for each of the abovementioned positions will depend on the nature of the task.  From phase B through C-D until ATLO, we are expecting to employ between 2 and 3 FTEs of professionals/year. The HORUS professional engineers cost $60,000/year (1 FTE) with 28.4% ERE/benefits rate (according to the current UA rates).        

Raytheon Engineers workload: Raytheon Missile Systems (Tucson, AZ) has agreed to support the HORUS project by allowing volunteering time from engineers within the company interested in participating.  RMS engineers (see resumes) have already started working with us on the HORUS instrument concept. Such professionals will have no impact on the HORUS budget. They will provide critical guidance in electronics design, building and testing, including critical help in formulating and implementing a space qualification plan.

Operations

Operations cost have been estimated as 2% of the total labor cost.

Travel

During Phase B-C, travel cost has been budgeted to attend critical OSIRIS REx meetings. In the time-frame 2011-2014 we estimated that travel cost will be $2,000/year. We ramped-up the travel budget in 2015 to $10,000 to account for student trips that may be required to an alternative Raytheon corporate facility (e.g. Raytheon Space and Airborne Systems, El Segundo, CA) if RMS will not have local (Tucson, AZ) environmental facility available upon demand (facilities will be available on a non-interference basis).

Benefits/ERE

Benefits are estimated using current UA rates (see labor cost section for individual rates).

Indirect Costs/IDC

As per University of Arizona policy, indirect costs are applied at 51.5% to salaries with the exception of the 30.6% tuition remission for graduate students, the first $25K of subcontracts, non-capital purchases, operations, and travel.  

Capital Equipment

All major expenditures are related to the creation of the observatory and its instrumentation. The most major expenditures and target vendors/sources are:

1) Receivers: vendors- Virginia Diodes Inc.: A world leader in millimeter-wave/THz Schottky based receivers/components.   VDI has supplied ambient-temperature receivers in the PI's laboratory and for similar projects.  Consolidation, integration, and qualification of these mixers will take place at the University of Arizona and/or at Raytheon Missile Systems.

2) Spectrometer System: vendor- Omnisys Inc. has successfully delivered spectrometers of similar type to those being used for HORUS to the University of Arizona for the SuperCam project and the Pre-HEAT telescope prototype successfully deployed to Antarctica.  Omnisys will supply three correlator spectrometers to the HORUS project, with one qualified for flight and two as engineering and testing prototypes.

3) Telescope System:  vendor- ATK in San Diego, CA is a world leader in advanced composite telescope design and construction and will develop and help qualify the mechanical off-axis Gregorian telescope for HORUS.

4) Waveguide components:  Both the UofA and ASU possess high-accuracy metal micro-milling machines, as well as focused vendors such as Custom Microwave Inc.  We have distributed requests for quotes for different microwave components between several sources. We anticipate that CMI will be most cost-effective for feedhorns, whereas more detailed and complex structures such as the ortho-mode transducers needed to drive two mixers with a single feedhorn would be best suited for the UofA and ASU machines. 

We have provided the above vendors/sources with detailed specifications of each item and they in turn have provided the costing information used in the budget.  Once vendor and component selection has been completed, detailed quotes will be generated and purchase orders will be issued to suppliers when appropriate.

Reserves

We established a 16% reserve for the project, approximately $907,000. Of this, $107,000 are assigned to capital equipment (e.g. unforeseen cost increase of instrument parts) and $800,000 are assigned to mitigate risks associated with the space qualification process. As part of the HORUS space qualification plan we are expecting to fully space-qualify and fully test each of the subsystems and subsequently go through a set of environmental tests for the integrated system. Most of the reserves are held in case more resources are needed during the QA phase. 

Testing Facility cost

Raytheon has agreed to support the project by allowing HORUS team members to use the environmental facilities at non-interference basis. We are expected to have relevant testing facilities available after a fully T&I plan is formulated to account for availability. RMS engineers will be participating in the space qualification process to help guiding students.


