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5. Abstract (100 words or less)
Atmospheric aerosols play a crucial role in the Earth’s radiation balance and may hold the key to combating global warming. However more knowledge about aerosol sources, its distribution and properties is needed. This requires continuous observations from satellites, networks of ground-based instruments, and dedicated field experiments. The Ames airborne sunphotometers have contributed significantly to such field experiments by making sunlight transmission measurements. Here we seek funding to address technical challenges in designing an Airborne Sun/Sky-Scanning Spectrometer that will yield more detailed information on aerosol optical properties and gases and which is targeted for autonomous operation on small or unmanned aircraft.

6. Problem

Atmospheric aerosols play a crucial role in the Earth’s radiation balance. Recent publications by the National Academy of Science claim that reducing the emission of light-absorbing aerosol into the Earth’s atmosphere may be the most feasible way to combat global warming (Hansen et al., 2000) and point to the large uncertainties in the sources, distribution and properties of absorbing aerosol (Sato et al., 2003). To study aerosols globally requires continuous observations from satellites, networks of ground-based instruments, and dedicated field experiments.
The AErosol RObotic NETwork (AERONET) of ~200 identical globally distributed Sun and sky-scanning ground-based automated radiometers provides measurements of aerosol optical properties, including ten years of observations in some locations (Holben et al., 1998). These data are used extensively for the validation of satellite derived aerosol properties. 

Operating sunphotometers aboard aircraft has proven to be a very valuable tool to extend the temporally continuous land-based point observations of AERONET to a larger geographical area that includes the oceans and the vertical dimension. NASA Ames has been the world leader in airborne sunphotometry since the first flights of the Ames 6-channel airborne sunphotometer (AATS-6) in 1985. A second, enhanced 14-channel unit, AATS-14, was completed in 1996. Both instruments have been flown in many campaigns focusing on atmospheric aerosol all over the world and have, to date, contributed to validating 11 satellite sensors.

The Ames airborne sunphotometers measure the transmission of the direct solar beam in several channels from UV to near-IR wavelengths. However, unlike the ground-based AERONET instruments mentioned above, they do not measure scattered sunlight as a function of angular distance from the sun. As demonstrated by the ground-based AERONET (Dubovik et al., 2002), adding skylight measurements to transmission measurements yields improved accuracy in the large-particle region of retrieved aerosol size distributions and permits retrievals of aerosol absorption. Note that transmission measurements alone, as provided by the AATS instruments, yield aerosol extinction, i.e. the sum of scattering and absorption, but no information on their relative contributions. 

An airborne instrument that measures the direct solar beam and the skylight as a function of scattering angle, and hence allows derivation of absorption of the aerosol in its ambient state, does not currently exist, but is highly desirable to extend the ground-based absorption measurements.
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Fig.1: Schematic of the approach used in field campaigns that coordinate a variety of suborbital measurements, including airborne sunphotometry, with satellite overflights. Bottom right: Existing AATS-14 instrument on highly modified Cessna Skymaster. Top right: Preliminary design of proposed instrument which will have enhanced capabilities yet be lighter and smaller than AATS-14. It is targeted for fully autonomous use on small or unmanned aircraft.

The existing Ames airborne sunphotometers have solved many experimental challenges to airborne measurements of the direct solar beam. For example, motors controlled by sun-sensing detectors maintain solar pointing accuracies of a few tenths of a degree in spite of aircraft maneuvers, turbulence, and aerodynamic drag. Feedback-controlled heaters have prevented window fogging and maintained detector temperatures in a range of a few degrees or less over wide excursions in ambient temperature. Pointing the window inward (”parking the head”) has prevented dirt deposition during flight legs in salt spray and clouds. Weather shields and seals have protected the instruments sufficiently to permit measurements both before and after flight legs through clouds and rain.

However, sky-scanning measurements as envisioned with the instrument proposed here present additional challenges. These stem primarily from the great brightness of the Sun relative to the sky. This requires a large dynamic range of the detection system (up to 6 decades) and very efficient stray light reduction for skylight measurements close to the Sun. Conventional methods to exclude that stray light have, in surface-based instruments, entailed long protrusions in front of the detector, which are generally incompatible with accurate sun-tracking under the aerodynamic loads of aircraft flight.
The current Ames airborne sunphotometers also measure the important gases, water vapor and ozone. However, the accuracy is limited by the fact that measurements are performed at discrete wavelengths only (using 6 or 14 individual interference filters). Measuring a continuous spectrum with a spectrometer will yield more information and better wavelength accuracy. This in turn will lead to more accurate retrievals of water vapor and ozone, and allow measurement of gases not attainable with the AATS instruments such as nitrogen dioxide and potentially others.

The older Ames airborne sunphotometer (AATS-6) has recently been retired. Its more capable sibling, AATS-14, is considerably heavier and bulkier. Nevertheless, we have integrated AATS-14 on a variety of aircraft, small and large, such as CIRPAS’ Pelican and Twin Otter, the Univ. of Washington CV-580, and the NASA DC-8. However due to the large hole size required in the aircraft skin (diameter >10”) and the instrument’s weight (~130 lbs) the integrations tend to be challenging and costly. In fact the complexity of the task has precluded us from getting integrated on some research aircraft (i.e DOE G-1, NOAA P-3). Furthermore, NASA HQ has recently mandated the migration of airborne research from large and costly platforms, such as the DC-8, to smaller platforms, especially Unmanned Aerial Vehicles (UAVs). Although AATS-14 can be operated autonomously, the above mentioned “parking the head” to avoid dirt deposition on the optical window requires an operator and is therefore not fully compatible with UAV operation. Hence a smaller, lighter and fully autonomous instrument with increased capabilities (sky scanning, continuous spectrum, automated window cleaning) targeted for UAVs or UAV simulators will soon be required to stay competitive for funding in future research opportunities from NASA and other agencies.

7. Objectives

We propose to address key technical challenges we encounter when designing the smaller, lighter, fully autonomous, more capable instrument described above. The challenges we will address are

a) Dynamic range of the detection system

b) Suppression of unwanted stray light when measuring sky radiance a few degrees away from Sun

c) In-flight self-cleaning of optical window 

Demonstrating solutions to all these challenges using DDF funding will enable us to finalize the mechanical, electrical and optical design of an instrument that can win more extensive funding from NASA HQ to build and fly the complete instrument. 

8. Approach

In August 2003 we started the design of the envisioned instrument using our experience with designing, building, operating, calibrating and maintaining our current airborne sunphotometers. In the new design, light  is collected through an optical window and entrance optics attached to an optical fiber bundle. The bundle guides the light from the tracking head into two spectrometers that are housed with digitization electronics in a can that rotates in azimuth with the tracking head (Fig. 1). Azimuth and elevation motors point the entrance optics at the sun using tracking-error signals from a quad-cell photodiode. Slip rings exchange signals between the rotating instrument and additional rack-mounted electronics. Seals allow operation on pressurized aircraft. One of the spectrometers will be optimized for the visible and near-IR optical range (wavelengths <1m), whereas the second spectrometer will cover the near-IR from 1 to 2m. 

a) Dynamic range of the detection system

For the skylight measurements we expect usable signals only from the visible/near-IR spectrometer. Preliminary tests performed by a consulting firm with which we are currently collaborating (Metcon Inc., Boulder, CO), indicate that the sensitivity of a cooled CCD spectrometer such as the Zeiss MCS should be appropriate. Electronic considerations (signal dynamics and integration time variation) seem to preclude making both direct-sun and skylight measurements with the same basic setup. However, several mechanical options offer potential solutions, such as using a second, larger, entrance optics with a second fiber for sky scans and alternately blocking one of the fibers. We propose to purchase a Zeiss MCS-CCD spectrometer system (250-980 nm, 1024 pixels, 3nm resolution) with entrance optics and several variations of fiber bundles. Using a programmable motion system we will then perform direct-sun and skylight measurements from the ground (i.e. roof top N-245) along with lab measurements using a stabilized light source. Results will allow us to define the mechanical and electronic setup required to handle the large dynamic range.

b) Suppression of unwanted stray light when measuring sky radiance a few degrees away from Sun

With the same basic setup (roof top tests with motion controller to mimic scanning and tracking), we will address the issue of unwanted stray-light. We will start our test with an entrance optics designed for direct beam measurements and then change the design by using more baffles, lenses, and possibly a retractable lens-hood up to the point where we are satisfied with the stray-light suppression. The amount of unwanted stray-light is easily assessed by manually blocking the direct solar beam without blocking the entrance aperture that is pointing a few degrees away from the sun. The challenge is to minimize the protrusion of the entrance optics beyond the spherical dome (Fig. 2) and still achieve good stray-light suppression. The acceptable protrusion that allows accurate tracking under the aerodynamic loads of aircraft flight will be assessed using flow modeling.

c) In-flight self-cleaning of optical window 

As shown in Fig. 2, the optical window covering the apertures of the entrance optics and the quad-sensor comes to rest on a slanted pedestal when the tracking head is brought into its “park” position. We propose to test a design and realization whereby retractable brushes (using solenoids) clean the optical window in this “park” position.
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Fig. 2: Preliminary design of the new instrument tracking head that mounts external to aircraft skin

9. Reasons normal funding sources cannot be used

A proposal to build a variant of the envisioned instrument, submitted to NASA’s Radiation Science Program was not selected for funding. One reason was the lack of technical detail and high associated cost. On the other hand a data analysis proposal we submitted to the same call was selected for near-full funding. However the reviewers of the successful proposal urge us to innovate in terms of instrumentation. Although we are in a much better position regarding technical detail now (see design work briefly described in this proposal), compared to when we wrote the proposal to NASA (December 2002), we feel that the challenges outlined in this proposal need to be overcome to increase the credibility to produce a winning proposal to NASA HQ (or another agency) for building the complete envisioned instrument.

10. Projected resource requirements and resource justification: Year 1: $100.4K, Year 2: $100.7K
A full cost-accounting budget is attached. Dr. Schmid will oversee the project activities at NASA Ames where he works through a co-operative agreement with Bay Area Environmental Research Institute (BAER). He will work 20% of his time on this project. Mr. Meriam (BAER), Mechanical Engineer, will work 25% (Yr 1) and 35% (Yr 2) of his time on this project. Ms. Perez and Whalen will provide administrative support for a total of 32hrs/yr. Dr. Russell is the civil service interface and the technical monitor of the relevant co-operative agreement between Ames and BAER. He and Dr. Redemann (BAER) will be unfunded Co-investigators. No money will be used to fund outside institutions and we are not requesting travel funds. Most of the required hardware will be purchased in Year 1. Tasks a) and b) (see section 8) will be started in Yr 1 and completed in Yr 2. Task c will be started and completed in the second year. Upon successful completion of tasks a)-c) we will finalize the mechanical, electrical and optical design of the envisioned instrument.

11. Which existing programs/projects would be expected to provide subsequent funding and when?

Recent Ames sunphotometer missions have been supported by the NASA Radiation Science Program, SAGE III and EOS Project Offices, and Upper Atmosphere Research Program, the NOAA Office of Global Programs, the Department of Energy, and the Office of Naval Research and the National Science Foundation. All these organizations are potential candidates to provide subsequent funding. The most promising candidate at this point is the NASA Radiation Science Program. We will use results from Year 1 to continue a dialog with potential funders, to increase chances of developing a winning proposal for HQ or outside funds.
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14. Division comments (including effect on existing programs)

This team envisions building a smaller and lighter (compared to their current airborne sunphotometer) and fully autonomous instrument with increased observational capabilities targeted for small aircraft or UAVs. This is very much in line with the recent mandate from NASA HQ to migrate airborne research from large and costly platforms, to smaller, more innovative platforms including commercial aircraft, and especially UAVs. Ames has been a leader in the applications of UAVs and this instrument would expand our lead role. 

The resulting instrument would permit Ames to play a unique and valuable role in many Earth Observing System data calibration and validation experiments. It will also enlarge our contributions to the study of aerosol effects on Earth’s climate sponsored by different agencies, a prime objective of the division.

This team has been exceptionally productive and is uniquely qualified for this highly desirable project

___________________________________________
___________________________

David Peterson
Date

15. Directorate comments (including effect on existing programs)

The proposed research promises to greatly increase Ames participation in the NASA Earth Science Enterprise Earth Observation System program, in the enhanced aerosol climate effects programs of NASA, NOAA and DOE, and in a variety of interagency/international experiments.  The potential payoff to science is high, while the cost is modest.  I recommend funding of this proposal.

___________________________________________
___________________________

Guenter Riegler, Director Code S
Date
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DDF Project Title:Towards an Autonomous Airborne Sun/Sky-Scanning Spectrometer

Summary of DDF Project Costs by Element

Description 2003 2004 2005 Total

Direct Labor - $                      1,900 $              1,976 $              3,876 $             

Direct Travel -                     -                     -                     -                    

Direct Procurements -                     88,297               85,761               174,057            

Allocated Service Pool Costs -                     10,208               12,968               23,175              

                     Total Project Full Costs - $                      100,404 $          100,704 $          201,108 $         

Project Personnel Counts

Direct ARC FTEs -                     0.02                   0.02                   0.03                  

Direct ARC Onsite WYEs -                     -                     -                     -                    

Allocated SP FTE/WYEs -                     0.05                   0.06                   0.11                  

                     Total FTE/WYEs -                     0.07                   0.08                   0.15                  

   Total 2004 Procurement Costs:

B. Schmid, co-op agreement, BAER Institute, 0.2 WY incl benefits and overhead 31,788

T. Meriam, co-op agreement, BAER Institute, 0.25 WY incl. benefits and overhead 30,773

Zeiss MCS CCD Spectrometer+Tec5 Eelectronics+Soft/Hardware Interface+Accessories 11,000

Light Source, Fiber Bundle, Entrance Optics, Filters 1,800

Programmable Motion System (Software+Hardware) 2,500

Optical Table (used unit) 2,500

DAQ/Controls Software (e.g. Labview) 1,500

HPE3630 power supply 1,235

Oscilloscope HP54603 (refurbished unit) 2,300

Laptop PC 2,000

Various Lab Equipment 900

88,297 $           

   Total 2005 Procurement Costs:

B. Schmid, co-op agreement, BAER Institute, 0.2 WY incl benefits and overhead 34,332

T. Meriam, co-op agreement, BAER Institute, 0.35 WY incl. benefits and overhead 46,529

Parts for in-flight Window Cleaning Task (Solenoids, Brushes, Quartz Window, ...) 1,000

Machining 3,000

Various Lab Equipment 900

85,761 $           
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Summary (2)

		DISCLAIMER:  THE RATES USED IN THIS TEMPLATE ARE "PRELIMINARY" AND HAVE NOT BEEN APPROVED FOR FY2005 BUDGET CYCLE

		DDF Project Title:Towards an Autonomous Airborne Sun/Sky-Scanning Spectrometer

		Summary of DDF Project Costs by Element

		Description		2003		2004		2005		Total

		Direct Labor		$   -		$   1,900		$   1,976		$   3,876

		Direct Travel		- 0		- 0		- 0		- 0

		Direct Procurements		- 0		88,297		85,761		174,057

		Allocated Service Pool Costs		- 0		10,208		12,968		23,175

		Total Project Full Costs		$   -		$   100,404		$   100,704		$   201,108

		Project Personnel Counts

		Direct ARC FTEs		- 0		0.02		0.02		0.03

		Direct ARC Onsite WYEs		- 0		- 0		- 0		- 0

		Allocated SP FTE/WYEs		- 0		0.05		0.06		0.11

		Total FTE/WYEs		- 0		0.07		0.08		0.15

		Total 2004 Procurement Costs:

		B. Schmid, co-op agreement, BAER Institute, 0.2 WY incl benefits and overhead								31,788

		T. Meriam, co-op agreement, BAER Institute, 0.25 WY incl. benefits and overhead								30,773

		Zeiss MCS CCD Spectrometer+Tec5 Eelectronics+Soft/Hardware Interface+Accessories								11,000

		Light Source, Fiber Bundle, Entrance Optics, Filters								1,800

		Programmable Motion System (Software+Hardware)								2,500

		Optical Table (used unit)								2,500

		DAQ/Controls Software (e.g. Labview)								1,500

		HPE3630 power supply								1,235

		Oscilloscope HP54603 (refurbished unit)								2,300

		Laptop PC								2,000

		Various Lab Equipment								900

										$   88,297

		Total 2005 Procurement Costs:

		B. Schmid, co-op agreement, BAER Institute, 0.2 WY incl benefits and overhead								34,332

		T. Meriam, co-op agreement, BAER Institute, 0.35 WY incl. benefits and overhead								46,529

		Parts for in-flight Window Cleaning Task (Solenoids, Brushes, Quartz Window, ...)								1,000

		Machining								3,000

		Various Lab Equipment								900

										$   85,761





Instructions

		Instructions for Completing Director's Discretionary Fund (DDF) Pricing Template

		A.  It applies rates for direct labor and allocated service pools, as applicable.

		B.  It summarizes project costs by cost element and year on individual 1-page sheets for each cost element.

		C.  It summarizes total project costs, by cost element and year, on a 1-page summary sheet.

		The template already includes the rates to be used to forecast direct labor and allocated service pool costs -- all that is required to arrive at a full

		worksheet in the template will automatically pull and summarize all forecasted costs, as well as the direct civil servant FTEs and on-site WYEs, from other worksheets

		within the template.

		Having said that, they are okay to use for the purpose of planning DDF project costs in "full costs."

		questions regarding how to complete the template.

				Fill in the name of the DDF project, which will automatically post the name to all other worksheets within the template.  No other entries are required on this

				sheet, as the cells are populated with formulas that pull data, as necessary, from other sheets within the template.

				1. The rates on this worksheet should only be applied to NASA Ames direct civil service hours, including any demand service pool hours that will be charged

						directly to the project (i.e., charged to the project in WEBTADS).  Civil servant FTEs may be converted to hours by multiplying FTEs by a factor of 2080.

				Procurement costs should include any forecasted demand service pool costs.  There is no separate worksheet for demand service pools.

				Include estimates of planned onsite WYE usage.

						space.  "Office" is self-explanatory and, generally speaking, it is common to use a factor of 150 square feet per person to estimate occupied office space.





Summary

		"DRAFT"

		DISCLAIMER:  THE RATES USED IN THIS TEMPLATE ARE "PRELIMINARY" AND HAVE NOT BEEN APPROVED FOR FY2005 BUDGET CYCLE

		DDF Project Title:		Towards an Autonomous Airborne Sun/Sky-Scanning Spectrometer

		Summary of DDF Project Costs by Element

		Description		2003		2004		2005		2006		2007		2008		2009		Total

		Direct Labor		$   -		$   1,900		$   1,976		$   -		$   -		$   -		$   -		$   3,876

		Direct Travel		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

		Direct Procurements		- 0		88,297		85,761		- 0		- 0		- 0		- 0		174,057

		Allocated Service Pool Costs		- 0		10,208		12,968		- 0		- 0		- 0		- 0		23,175

		Total Project Full Costs		$   -		$   100,404		$   100,704		$   -		$   -		$   -		$   -		$   201,108

		Project Personnel Counts

		Direct ARC FTEs		- 0		0.02		0.02		- 0		- 0		- 0		- 0		0.03

		Direct ARC Onsite WYEs		- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

		Allocated SP FTE/WYEs		- 0		0.05		0.06		- 0		- 0		- 0		- 0		0.11

		Total FTE/WYEs		- 0		0.07		0.08		- 0		- 0		- 0		- 0		0.15





Direct Labor

		"DRAFT"

		DISCLAIMER:  THE RATES USED IN THIS TEMPLATE ARE "PRELIMINARY" AND HAVE NOT BEEN APPROVED FOR FY2005 BUDGET CYCLE

		DDF Project Title:		Towards an Autonomous Airborne Sun/Sky-Scanning Spectrometer

		Summary of Project Direct Labor Costs

		Note:  Labor rates are applied to hours (FTE = 2080 hours)

		Major Tasks		2003		2004		2005		2006		2007		2008		2009		Total

		J. Whalen, admin. Tasks				12		12										24

		E.Perez financial admin.				20		20

		(Task Description)																0

		(Task Description)																0

		(Task Description)																0

		(Task Description)																0

		Total Hours		- 0		32		32		- 0		- 0		- 0		- 0		24

		Labor Rates *		56.34		59.36		61.75		64.23		67.07		70.57		73.41

		ARC Direct Labor Costs		$   - 0		$   1,900		$   1,976		$   - 0		$   - 0		$   - 0		$   - 0		$   3,876

		Center-Wide Average		117,192		123,472		128,448		133,609		139,501		146,781		152,697

		*		Represents ARC Center-wide average salary rates (with benefits) for full-time permanents and terms.





Direct Travel

		"DRAFT"

		DDF Project Title:		Towards an Autonomous Airborne Sun/Sky-Scanning Spectrometer

		Summary of Project Direct Travel Costs

		Travel funds identified will be reduced from the Procurement (Net R&D)

								No. of		Trip

		Trip Purpose		Destination		Trip Dates		Travellers		Costs		Total

		FY 2003:

		Total 2003 Travel Costs										$   - 0

		FY 2004:

		Total 2004 Travel Costs										$   - 0

		FY 2005:

		Total 2005 Travel Costs										$   - 0

		FY 2006:

		Total 2006 Travel Costs										$   - 0

		FY 2007:

		Total 2007 Travel Costs										$   - 0

		FY 2008:

		Total 2008 Travel Costs										$   - 0

		FY 2009:

		Total 2009 Travel Costs										$   - 0

		Total ARC Direct Travel Costs										$   - 0





Procurements

		"DRAFT"

		DDF Project Title:		Towards an Autonomous Airborne Sun/Sky-Scanning Spectrometer

		Summary of Project Direct Procurement Costs and Onsite WYEs

		(Including Demand Service Pool Costs)

				Total		Onsite

		Description of Procured Item or Service		Costs		WYEs

		Total 2003 Procurement Costs:

				$   - 0		- 0

		Total 2004 Procurement Costs:

		B. Schmid, co-op agreement, BAER Institute, 0.2 WY incl benefits and overhead		31,788

		T. Meriam, co-op agreement, BAER Institute, 0.25 WY incl. benefits and overhead		30,773

		Zeiss MCS CCD Spectrometer+Tec5 Eelectronics+Soft/Hardware Interface+Accessories		11,000

		Light Source, Fiber Bundle, Entrance Optics, Filters		1,800

		Programmable Motion System (Software+Hardware)		2,500

		Optical Table (used unit)		2,500

		DAQ/Controls Software (e.g. Labview)		1,500

		HPE3630 power supply		1,235

		Oscilloscope HP54603 (refurbished unit)		2,300

		Laptop PC		2,000

		Various Lab Equipment		900

				$   88,297		- 0

		Total 2005 Procurement Costs:

		B. Schmid, co-op agreement, BAER Institute, 0.2 WY incl benefits and overhead		34,332

		T. Meriam, co-op agreement, BAER Institute, 0.35 WY incl. benefits and overhead		46,529

		Parts for in-flight Window Cleaning Task (Solenoids, Brushes, Quartz Window, ...)		1,000

		Machining		3,000

		Various Lab Equipment		900

				$   85,761		- 0

		Total 2006 Procurement Costs:

				$   - 0		- 0

		Total 2007 Procurement Costs:

				$   - 0		- 0

		Total 2008 Procurement Costs:

				$   - 0		- 0

		Total 2009 Procurement Costs:

				$   - 0		- 0

		Total Direct Procurement Costs/Onsite WYEs		$   174,057		- 0





Allocated Service Pools

		"DRAFT"

		DISCLAIMER:  THE RATES USED IN THIS TEMPLATE ARE "PRELIMINARY" AND HAVE NOT BEEN APPROVED FOR FY2005 BUDGET CYCLE

				DDF Project Title:		Towards an Autonomous Airborne Sun/Sky-Scanning Spectrometer

		Summary of Project Service Pool Costs

		Description				2003		2004		2005		2006		2007		2008		2009		Total

		Facility & Related Services:

				Office

				Rate		$   13.92		$   15.32		$   19.22		$   21.83		$   24.34		$   24.58		$   24.88

				Project Square Footage				210		210

				Service Pool Costs		$   - 0		$   3,217.52		$   4,035.80		$   - 0		$   - 0		$   - 0		$   - 0		$   7,253.32

				Technical

				Rate		$   5.71		$   6.33		$   6.53		$   6.65		$   6.76		$   6.78		$   7.00

				Project Square Footage				- 0		- 0

				Service Pool Costs		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

				Laboratory/Shop

				Rate		$   14.67		$   16.02		$   16.53		$   16.82		$   17.11		$   17.16		$   17.07

				Project Square Footage				100		200

				Service Pool Costs		$   - 0		$   1,602.00		$   3,306.00		$   - 0		$   - 0		$   - 0		$   - 0		$   4,908.00

				Other

				Rate		$   8.81		$   9.63		$   9.93		$   10.11		$   10.28		$   10.31		$   10.64

				Project Square Footage				- 0		- 0

				Service Pool Costs		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

				Total Occupied Square Footage		- 0		310		410		- 0		- 0		- 0		- 0

		Information Technology Services:

				Data Comm/Central Svcs/NISN:

				Rate		$   1,214.78		$   2,037.05		$   2,124.28		$   2,167.19		$   2,213.00		$   2,263.94		$   2,310.60

				Project No. of Systems				2		2

				Service Pool Costs		$   - 0		$   4,074.11		$   4,248.56		$   - 0		$   - 0		$   - 0		$   - 0		$   8,322.66

				Voice Communications:

				Rate		$   671.21		$   657.02		$   688.60		$   700.50		$   712.91		$   726.13		$   738.83

				Project No. of Phone Lines				2		2

				Service Pool Costs		$   - 0		$   1,314.05		$   1,377.20		$   - 0		$   - 0		$   - 0		$   - 0		$   2,691.25

				ODIN:

				Rate		$   3,292.33		$   2,909.34		$   3,052.59		$   3,100.85		$   3,123.55		$   3,174.36		$   3,224.80

				Project No. of ODIN Seats				- 0		- 0

				Service Pool Costs		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0

				Total Service Pool Costs		$   - 0		$   10,207.67		$   12,967.56		$   - 0		$   - 0		$   - 0		$   - 0		$   23,175.23






