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The study team recognizes that funding availability may control how rapidly the mission can be implemented and has therefore developed an
alternate master schedule that is consistent with the funding limitations defined by NOAA/NESDIS ($1.5M, $3.0M, $70M in FYO08, FY09, and
FY10 respectively) (Figure 28). In this case the first XOVWM system can be launched in October 2014 with the second system for the
constellation launching in April 2015. The QuikSCAT Replacement option could be launched April 2014.

Figure 28: Alternate XOVWM master schedule (October 2014 launch)
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8.4 Cost Estimates

The cost estimates in FYO0S dollars for each of the three options are shown in Table 9. The cost for
work that will be performed by NOAA is not included in these estimates. The independent cost estimates
developed by the Aerospace Corporation are shown for comparison (Table 10). (See Appendix E for more
detail on the Independent Cost Estimate.) In all cases the project grass-roots estimates are within 4% of
the independent estimates. The QuikSCAT Replacement mission and XOVWM, options 1 and 2
respectively, each include a single spacecraft with five years of operations support. The XOVWM
constellation, option 3, includes two spacecraft launched within six months of each other with five years
of operations support for each. The costs presented here are based on the best information presently
available, including non-binding budgetary estimates from suppliers. The estimates are appropriate for
budget planning, but do not represent a binding cost commitment by JPL.

Table 9: Cost comparison (in FYO08 fixed-year dollars) of QuikSCAT Replacement,
XOVWM, and XOVWM Constellation”

Options (FY08 $M)
1 2 3
Cost Element QuikSCAT XOVWM XOVWM 2 S/C
Replacement Constellation
Phases A-D
Management, System Engineering, & $30.1 $34.5 $40.8
Mission Assurance
Science $4.7 $7.3 $8.5
Payload $91.6 $161.1 $208.8
Spacecraft Bus $86.8 $91.4 $142.1
Mission Operations $3.3 $4.4 $5.0
Data Processing System $5.6 $13.5 $13.8
Subtotal $222.1 $312.2 $419.0
Reserve $66.2 $92.0 $125.9
Phase A-D Subtotal $288.3 $404.2 $544.9
Phase E
On-Orbit Calibration/Validation $2.8 $3.5 $4.6
Mission Operations $9.4 $10.6 $13.2
Subtotal $12.2 $14.1 $17.8
Reserve $1.8 $2.1 $2.7
Phase E Subtotal $14.0 $16.2 $20.5
Launch Vehicle $32.0 $77.0 $154.0
Other NASA Costs $1.9 $2.4 $3.3
JPL Total $336.2 $499.8 $722.7

Table 10: Aerospace Corporation cost estimates”

Options
1 2 3
Cost Element QuikSCAT XOVWM XOVWM 2 S/C
Replacement Constellation
Aerospace Corp. ICE (FY08 $M) $325.5 $510.5 $729.5
Percent difference -3.2% 2.1% 1.0%

*
The cost information contained in this document is of a budgetary and planning nature and is intended for informational purposes only. It does
not constitute a commitment on the part of JPL and/or Caltech.
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8.5 Funding Profiles

The funding profiles in real year dollars for the full life cycle of each option are shown in Table 11. JPL forward planning rates and factors are
used in the conversion from FY08 dollars to real year dollars. Funding for work that will be performed by NOAA is not included in these profiles.

Table 11: Funding profiles for full life cycle of each option (in real-year dollars) I

Fiscal Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Option 1 (RY$M)
QuikSCAT Replacement 1.5 3.0| 49.9|103.5| 1541 | 63.6| 153 4.6 3.5 3.0 28| 0.6 405.4
LRD April 2014

Option 2 (RY$M)

XOVWM 1 Spacecraft

LRD February 2013 (Earliest
Launch Date)

10.7 | 117.2 | 200.0 | 141.0 | 61.3| 18.6 4.5 3.4 2.8 2.7 0.5 562.7

Option 2 (RY$M)
XOVWM 1 Spacecraft 1.5 3.0 68.2|153.5|174.2| 110.7 | 79.2 6.9 4.2 3.0 30| 14 608.7
LRD October 2014

Option 3 (RY$M)
XOVWM 2 Spacecraft Constellation| 1.5| 3.0| 68.0 | 196.0 | 254.2 | 187.3 | 142.5| 2341| 48| 37| 34| 23| 03 890.0
LRD Oct. 2014 and April 2015

Option 3 (RY$M)

XOVWM 4 Spacecraft Constellation
LRD Oct. 2014 and April 2015 with
replacements 5 years later

Note: Assumes independent build-to-
print of a second set of two spacecraft.

NOTE: LRD = launch readiness date

1.5 3.0 68.0196.0 | 254.2 | 187.3 | 142.5 | 280.9 | 307.3 | 214.3 | 119.2 | 229 | 142 | 6.2 4.7 | 40| 3.0| 0.4] 1,829.6

* The cost information contained in this document is of a budgetary and planning nature and is intended for informational purposes only. It does not constitute a commitment on the part of JPL and/or
Caltech.
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Section 9: Summa

Three mission options for continued provision of operational ocean surface vector winds data
(QuikSCAT Replacement, Extended Ocean Vector Winds Mission [XOVWM], and XOVWM
Constellation) were evaluated. All options are technically feasible. Detailed cost estimates have been
developed and independently validated. While a QuikSCAT Replacement option would continue current
operational measurement capabilities, there is a strong and clearly defined operational need for improved
capabilities in high winds (e.g., hurricanes or extra-tropical cyclones), heavy precipitation, and near coasts
to enable significantly improved severe storm and coastal hazard forecasts, which are provided only by
the XOVWM options.

The National Oceanic and Atmospheric Administration (NOAA) user impact study unambiguously
recommends proceeding with a XOV WM mission start as soon as is feasible. The XOVWM mission
concept is mature, uses existing technology, and is ready for an immediate Phase A mission start to
support operations as early as the 2013 hurricane season, depending on funding availability.
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ADC Analog to Digital Converter
AMR Advanced Microwave Radiometer
AMSR/ADEOS 11 Advanced Microwave Scanning Radiometer - Advanced Earth Observing
Satellite
AMSR-E/AQUA Advanced Microwave Scanning Radiometer - Earth Observing System
APG Advanced Pyrolitic Graphite
ASCAT Advanced Scatterometer
CBE Current Best Estimate
C&DH Command and Data Handling
C/C Spacecraft
CCSDS Consultative Committee for Space Data Systems
CDAS Command and Data Acquisition Station
CDAS Ground Segment are the Command and Data Acquisition Stations
CLASS Comprehensive Large Array-data Stewardship System
C-MAN Coastal-Marine Automated Network
DOD Department of Defense
DoD Depth of Discharge
EEE Electronic, Electrical, and Electromechanical
EM Engineering Model
EMI/EMC Electromagnetic Interference/Electromagnetic Compatibility
ESPC Environmental Satellite data Processing Center
EUMETSAT European Organisation for the Exploitation of Meteorological Satellites
FPGA Field Programmable Gate Array
FY Fiscal Year
GDS Ground Data System
GFDL Geophysical Fluid Dynamics Laboratory
GMF Geophysical Model Function
GSFC Goddard Space Flight Center
ICE Independent Cost Estimate
1&T Integration & Test
V&V Independent Verification & Validation
JAXA Japanese Aerospace Exploration Agency
JMR Jason Microwave Radiometer
JPL Jet Propulsion Laboratory
LRD Launch Readiness Date
LSP Launch Services Program
LSPO Launch Services Program Office
LV Launch Vehicle
MBPS Megabits/second
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MHz Megahertz
MIC Microwave Integrated Circuit
MOS Mission Operations System
NASA National Aeronautics and Space Administration
NESDIS National Environmental Satellite, Data, and Information Service
NIC National Ice Center
NOAA National Oceanic and Atmospheric Organization
NPOESS National Polar-orbiting Operational Environmental Satellite System
NRC National Research Council
NRL Naval Research Laboratory
NSCAT NASA Scatterometer
NSOF NOAA Satellite Operations Facility
NWP Numerical Weather Prediction
NWS National Weather Service
OPC Ocean Prediction Center
OPI Openings per Inch
OSDPD Office of System Development Processing and Distribution
0SO Office of Satellite Operations
OSTM Ocean Surface Topography Mission
OSVW Ocean Surface Vector Winds
PDR Preliminary Design Review
PL Payload
PM/SE/MA Project Management, System Engineering, & Mission Assurance
QuikSCAT Quick Scatterometer
RF Radio Frequency
RFI Request for Information
RFP Request for Proposal
RMS Root Mean Square
ROM Rough Order of Magnitude
SAR Synthetic Aperture Radar
SDTW RSLP Space Development & Test Wing Rocket Systems Launch Program
SEU Single Event Upset
SOCC Satellite Operations Control Center
SRAM Static Random Access Memory
SSMI/DMSP Special Sensor Microwave/Imager - Defense Meteorological Satellite
Program
SSPA Solid State Power Amplifier
SW Software
TPC/NHC Tropical Prediction Center/National Hurricane Center
TRL Technology Readiness Level
TWTA Traveling Wave Tube Amplifier
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USAF United States Air Force
VHDL VHSIC Hardware Description Language
WBS Work Breakdown Structure
WFO Weather Forecast Office
WRF Weather Research and Forecasting Model
XOVW Extended Ocean Surface Vector Winds
XOVWM Extended Ocean Surface Vector Winds Mission
XPR X-band Polarimetric Radiometer
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Appendix B: Data Provided to Spacecraft Contractors

Key Attributes XOVWM Specification

Radar Characteristics

Radar frequencies: Ku-band at 13.4 GHz and C-band at 5.25 GHz
Radiometer frequency: X-band 10.65 GHz

Mass

The instrument current best estimate is of 320 kg (CBE). This number does not
include contingency. The instrument current uncertainty is of 30%.

In the deployed configuration, the center of mass is 2.9 m off the nadir spacecraft
deck and along the spin axis.

At the center of mass, the rotary moments of inertia are: 137 kg*m”2 about the spin
axis and 274 and 302 kg*m"2 perpendicular to the spin axis.

Power

The instrument requires a steady state power throughout the orbit of 782 W (CBE).
The instrument carries a 30% uncertainty against the CBE.

Volume

(Specific drawings provided for deployed and stowed volumes and configuration)

Data Rate

Continuously operated.
The Instrument data rate is 1 Mbps (200 Mbps raw SAR with onboard instrument
processing).

Thermal Control

Current design thermally isolated at spacecraft mounting surface

Pointing Requirements

The Spacecraft Bus shall provide 3-axis nadir pointing during operations as follows:
a)  Control 0.1 deg 3-sigma, per axis
b) Knowledge accuracy within 0.01 deg, 3-sigma, per axis

Antenna

5 meter by 3.5 meter (elliptical shape) high frequency dual AstroMesh Deployable
Reflector

Antenna Spin Rate

The antenna spin frequency is of 20 rpm. The spin axis is in the nadir direction.
Comment: The spin axis is through the center of the instrument platform.

Electrical Interfaces

1553B command and telemetry, w/ RS-422 for Science telemetry

Orbit

The spacecraft shall be compatible with a sun-synchronous 800-km circular orbit
with a local equator crossing time at the ascending node of 6:00 A.M.

On-Orbit Mission Life

The spacecraft shall be capable of operating on-orbit for 5 years minimum. The
spacecraft shall accommodate consumables for 10 years

De-Orbit End-of-mission plans shall include the depletion of energy sources and reduction of
the post mission orbital lifetime to fewer than 25 years.
Launch Vehicle The spacecraft shall be compatible with a Minotaur IV.

Launch Vehicle Capability

The combination of the spacecraft bus mass and the instrument, as well as any
required interface adapter between the LV and the spacecraft bus and expendables,
and adequate margins, must be within the performance envelope of the launch
vehicle. The spacecraft contractor is free to offer options for injection strategies to
achieve the 800-km operational orbit.

Launch Vehicle Adapter

The non-separating payload adapter will be 62-inch diameter.

Reliability

Essential spacecraft functions should be fully redundant. Other hardware may have
partial redundancy with provisions for graceful degradation, or may be functionally
redundant. The EEE parts quality shall meet or exceed NASA GSFC, EEE-INST-
002, level 2.

Momentum Compensation

The spacecraft shall be capable of compensating for the angular momentum
generated by the instrument rotating antenna. Comment 1: It is the intent to deliver a
balance instrument, i.e., ¢.g. on rotation axis & inertia cross product close to zero.
However, some small residual imbalance will exist. Comment 2: A spin-up and spin-
down strategy will need to be worked in the future with the instrument team.

Instrument Deployment

The spacecraft shall provide ordnance actuation signals to unlock the spin table, as
well as primary and secondary reflectors.

Physical Requirements

The instrument does not require any volume on the spacecraft bus at this time.
However, the spacecraft shall provide what volume could be made available for
instrument boxes.
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Key Attributes XOVWM Specification
Data Collection Downlink is required at least once per orbit to NOAA CDA & IPO ground stations,

preferably twice per orbit to minimize delivery latency. The spacecraft shall provide
storage capability for 2 days of data with down-link capability of two orbits of data in
a single pass.

Data Flow Communications with the spacecraft will be via S-band for real-time engineering
telemetry at 2, 4, or 16 kbps, and 2 kbps command uplink. X-band downlink at 25
Mbps will be used for down linking stored engineering and instrument data from the
two-day capacity spacecraft SSR.

Data Format CCSDS
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Appendix C: Data Requested from Spacecraft Contractors

Key Attributes XOVWM

Technical Spacecraft bus technical description and heritage.

Show a top-level block diagram highlighting heritage and any new developments.
Spacecraft heritage discussion should include hardware, software, experience, design
heritage, ground support equipment, flight spares, etc., and rationale for any changes.
Provide an assessment of the flight system resources (mass, power, etc.), including
justification for flight system contingency used. Identify additional design
considerations, additional hardware, and sensitivity to and impact of design for
higher instrument mass/power/data-rate to understand design drivers and sensitivity
to changes. Also include a discussion on software technical description and heritage,
redundancy description, and spares philosophy.

Schedule Spacecraft development schedule and earliest possible launch based on technical
developments, assuming a project start date (ATP) of October 2009.
Cost Total flight system ROM costs in Real Year dollars, broken down by flight elements,

including a discussion of:

- Basis of cost estimate

. Proposed cost margin and basis

. Annual (government fiscal year) phasing of funding requirements,

consistent with the development schedule

Cost estimates should also include the costs for:

. Integrating and testing the instruments with the spacecraft

. Integrating the spacecraft with the launch vehicle

- Launch campaign

«  Checkout/commissioning period of up to 30 days.
Second Spacecraft Cost estimates for a second spacecraft, to be launched six (6) months after the first
spacecraft has launched. The second spacecraft will have the same capabilities as the
first and support the same instrument design.
Risk Risk assessment, including top risks and mitigation plans.
Other Considerations Identify any drivers for cost (technical and/or programmatic), suggestions for
requirements relaxation, or improvement in instrument design that would result in
significant bus or mission cost savings and/or risk reduction.
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Appendix D: NASA Technology Readiness Levels

For a lengthier discussion of NASA Technology Readiness Levels (TRL), see
http://www.hq.nasa.gov/office/codeq/trl/trl.pdf.

Level: Criterion:

TRL 1 Basic principles observed and reported

TRL 2 Technology concept and/or application formulated

TRL 3 Analytical and experimental critical function and/or characteristic proof-of-concept
TRL 4 Component and/or breadboard validation in laboratory environment

TRL 5 Component and/or breadboard validation in relevant environment

TRL 6 System/subsystem model or prototype demonstration in a relevant environment

(ground or space)

TRL 7 System prototype demonstration in a space environment
TRL 8 Actual system completed and “flight qualified” through test and demonstration
(ground or space)
TRL 9 Actual system “flight proven” through successful mission operations
59
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Appendix E: Independent Cost Estimate

An Independent Cost Estimate (ICE) was performed for the XOVWM mission (including the second flight
unit option), as well as a QuikSCAT Replacement mission. This was performed by the Aerospace Corporation,
primarily by cost analogies to assess the total life cycle cost. The second unit was estimated using benchmarks
based on historical data, suggesting that it would cost 43% of the first, including launch and operations.

The ICE estimates for all three options agreed with project estimates to within 4%. This correlation is
excellent for this point in the project life cycle, suggesting that there is low cost risk associated with any of the
options.

QuikSCAT Replacement Option ICE Cost Comparison”

Category Independent Project Estimate Difference ($M) Difference (%)
(Cost in FY08 $M) Estimate

PM/SE/MA $28.31 $30.15 $(1.84) -6.09%
Science/Ground $15.59 $13.60 $2.00 14.68%
Payload System $98.03 $91.51 $6.52 7.12%
Spacecraft System $69.13 $88.48 $(19.35) -21.87%
Reserves $68.19 $66.20 $1.99 3.01%
Total Development $279.26 $289.94 $(10.68) -3.68%
Launch System $32.00 $32.00 - 0.0%
Phase E $14.25 $14.25 - 0.0%
Total Mission $325.51 $336.19 $(10.68) -3.18%

XOVWM Mission ICE Cost Comparison”

Category Independent Project Estimate Difference ($M) Difference (%)
(Cost in FY08 $M) Estimate

PM/SE/MA $43.79 $34.33 $9.46 27.57%
Science/Ground $27.20 $25.03 $2.18 8.70%
Payload System $166.27 $161.12 $5.16 3.20%
Spacecraft System $77.05 $93.56 $(16.51) -17.65%
Reserves $102.50 $92.10 $10.40 11.30%
Total Development $416.82 $406.12 $10.69 2.63%
Launch System $77.00 $77.00 - 0.00%
Phase E $16.66 $16.66 - 0.00%
Total Mission $510.48 $499.78 $10.69 2.14%

XOVWM Constellation Option Two Satellite ICE Cost Comparison”

Category Independent Project Estimate Difference ($M) Difference (%)
(Cost in FY08 $M) Estimate

PM/SE/MA $57.56 $40.89 $16.67 40.76%
Science/Ground $34.01 $27.32 $6.69 24.49%
Payload System $207.17 $208.99 $(1.82) -0.87%
Spacecraft System $119.53 $145.26 $(25.72) -17.71%
Reserves $136.59 $125.49 $11.11 8.85%
Total Development $554.87 $547.94 $6.92 1.26%
Launch System $154.00 $154.00 - 0.00%
Phase E $20.66 $20.66 - 0.00%
Total Mission $729.52 $722.60 $6.92 0.96%

*

The cost information contained in this document is of a budgetary and planning nature and is intended for informational purposes only. It does
not constitute a commitment on the part of JPL and/or Caltech.
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