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1 Introduction

The Landsat Data Continuity Mission (LDCM) is the successor mission to Landsat 7.  Landsat satellites have continuously acquired multi-spectral images of the global land surface since the launch of ERTS-A (Earth Resources Technology Satellite A) in 1972.  The Landsat data archive constitutes the longest record of the land surface as viewed from space.  The LDCM mission objective is to extend the ability to detect and quantitatively characterize changes on the global land surface at a scale where natural and man-made causes of change can be detected and differentiated.

1.1 Purpose

This Statement of Work (SOW) describes Flight Operations Team (FOT) support to the U.S. Geological Survey (USGS) for LDCM Observatory acquisition activities, launch readiness, launch and early orbit, and on-orbit mission operations.
1.2 Scope

The LDCM consists of the Launch Segment, Space Segment, Data Processing and Archive Segment (DPAS), and the Flight Operations Segment (FOS).  This document defines the FOT support requirement within the FOS. The contractor shall participate, manage, develop, integrate, and lead in the launch and operation of the LDCM spacecraft.  The period of performance for this effort is five (5) years with five (5) one year options.

1.3 EROS Mission Operations Center

The primary LDCM Mission Operations Center (MOC) will be located at the USGS EROS Center in Sioux Falls, SD where the FOT will be resident and operate the LDCM Observatory.  The facility will have adequate space and physical security for the requisite GFE, Contractor equipment, office space and storage.  The facility will have appropriate network, power and environmental capacity to support the mission operations activity. Figure 1 Mission Operations Center (MOC) illustrates the basic systems and data flows for the MOC.
The Collection Activity Planning Element (CAPE) provides image acquisition management and scheduling and produces an imaging plan that will be passed to the mission planning component of the Mission Operations Element (MOE).  The CAPE also provides acquisition data and the daily schedule to the Landsat International Cooperators (ICs).   The imaging plan that is transferred from the CAPE to the mission planning component of the MOE is translated into instrument commands that are merged with other Observatory commands (i.e., spacecraft subsystem commands) and converted into uplink command load format.
The MOE provides spacecraft scheduling, command and control, automation and operator interfaces.
The Mission Planning component of the MOE generates the detailed schedule for the Observatory.

The Flight Dynamics component of the MOE provides orbit analysis, acquisition data and other products to mission planning, the CAPE, ground stations, and orbit maintenance/collision avoidance.  The primary function of Flight Dynamics is Worldwide Reference System (WRS) maintenance and Mean Local Time (MLT) maintenance.  
The Trending and Plotting component of the MOE provides the capability for short and long-term trending, analysis and plotting of Observatory housekeeping data.
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The EROS MOC communicates with the USGS Ground Network Element (GNE) for commanding and downloading from the Observatory.  In emergency situations when the GNE is not available, the EROS MOC has the capability to communicate with the Observatory through the NASA Ground and Space networks.

The LDCM Observatory Simulator can be used for training, validation, product generation, ground system test and other activities.

The Government will provide the systems, interface, networks, communications, building(s), environmental control, security, backup power, for the EROS MOC.

1.4 Backup Mission Operations Center (bMOC)
In the event of an emergency that makes the EROS MOC unable to fulfill some or all of the mission requirements the FOT will temporarily relocate to a GFE backup MOC (bMOC).  The bMOC will not be staffed when not in use.  The Government will provide the building(s), environmental control, security, backup power, network interfaces, and MOE equipment for the bMOC to support Flight Operations activities.  Functionally, the bMOC is to be capable of sustaining operations for at least 1 mission planning cycle (approximately 30 days).  

The primary purpose of the bMOC is to maintain mission functionality if the EROS MOC is rendered partially or wholly non-functional.  However, the FOT may also use the bMOC to fulfill other mission requirements (e.g., training). 
The bMOC will be located within 60 miles of EROS.
1.5 Goddard Mission Operations Center

The Missions Operations Center for launch and On-Orbit Initialization and Verification (OIV) will be located at Goddard Space Flight Center (GSFC).  The Goddard MOC will be a duplicate of the EROS MOC and will be used for command and control of the Observatory until the completion of Commissioning.  During that time period, the EROS MOC will serve as the backup to the Goddard MOC.  After commissioning, the EROS MOC will become the operational MOC and the Goddard MOC will serve as the backup to the EROS MOC.    When the bMOC is commissioned it will assume the backup responsibilities and the Goddard MOC will be decommissioned.
1.6 Mission Phases

This document describes the FOT requirements throughout the various phases of the LDCM lifecycle.  The LDCM phases are described in detail in the LDCM Mission Operations Element Requirements Document (see 2.2 Reference Documentation).  A high level description is provided in the following sections (1.6.1-1.6.5). The table below shows a notional schedule for LDCM activities.  This schedule is provided only to facilitate responding to this requirement and is subject to change.

	Event
	Date

	Mission Operations Element (MOE) PDR
	9/2008

	Ground System (GS) PDR
	10/2008

	Operational Land Imager (OLI) CDR
	9/2008

	MOE CDR
	11/2008

	GS CDR
	2/2009

	Spacecraft Bus (S/C) CDR
	3/2009

	Ground System Integration (GSI) start
	9/2009

	Ground Readiness Tests (GRTs) start
	12/2009

	GS IRR
	4/2010

	GSI end
	5/2010

	GRTs end
	10/2010

	Mission Readiness Tests (MRTs) start
	10/2010

	MRTs end
	4/2011

	End Observatory I&T
	5/2011

	Launch
	7/2011

	Handover
	11/2012

	8x5 Operations
	5/2013


1.6.1 Pre-launch

The Pre-Launch phase encompasses flight and ground systems development, integration and test of the Observatory and the ground-based systems up until launch.  During this phase, NASA has overall Government responsibility for the LDCM system including operations preparation, operations product development, and readiness testing.  FOT responsibilities during this phase will focus on understanding spacecraft, flight software and instrument operation, supporting integration and test activities (including interface testing, ground readiness tests, mission readiness tests and mission simulations), operations product development, and building the expertise, knowledge, products and procedures needed for successful mission operation.  The FOT will also participate in mission planning and scheduling for launch and early orbit.  Training of the FOT will be initiated for observatory and MOE operations, and exercises will be conducted using nominal and contingency operations procedures.
1.6.2 Launch and Early Orbit

The Launch and Early Orbit (L&EO) phase begins with the initiation of launch activities through the completion of the early orbit checkout of the LDCM observatory.  During this phase, NASA has overall responsibility for the LDCM system, including operations.  FOT support during this phase will focus around final preparations for launch, launch site support, launch, orbit insertion, spacecraft activation and mechanisms deployment, and spacecraft and instrument checkout.  The FOT will assume operations in the Goddard MOC in support of all elements of this phase and in preparation for the spacecraft system and instruments commissioning phase.

1.6.3 Commissioning

The commissioning phase begins following the L&EO and is focused on completing the total LDCM system deployment and assessing system performance.  During this phase, NASA has overall Government responsibility for the LDCM system, including operations.  Upon the successful completion of the commissioning phase, NASA will formally accept the LDCM observatory and the overall Government responsibility for the LDCM system will transfer from NASA to USGS.  Support during this phase will be centered on demonstrating that the spacecraft and instrument meet defined performance requirements.  Using the Goddard MOC, the FOT will perform command and control and state of health operations, mission planning and scheduling, prepare for transition to operations phase and support commissioning activities. 
1.6.4 Operations
The operations phase represents the period following Observatory commissioning and handover of operational responsibility from NASA to USGS.   The handover will include a switch-over of operations from the Goddard MOC to the EROS MOC, the commissioning of the bMOC, and the de-commissioning of the Goddard MOC.  These activities will be accomplished by the FOT.  This period encompasses the mission operations lifecycle until spacecraft decommissioning.  The FOT will have responsibility in this phase for all operations of the LDCM system, including command and control, state of health, anomaly resolution, mission planning, etc.
1.6.5 Decommissioning

At the end of the mission, the LDCM will undergo decommissioning to take it safely out of service.  Preparations for this phase will be performed during the operations phase in a manner that will maximize the life of the LDCM.  In this phase, the FOT will execute the decommissioning plan and take the LDCM Observatory safely out of service.
1.7 External Organizational Interfaces

There are several external organizations that the FOT will interface with to fulfill mission requirements.   The FOT’s responsibilities for these interfaces will generally include participation in working groups with occasional travel.  More specific responsibilities are outlined below.
1.7.1.1 Routine

Routine operations of the LDCM Observatory will require the FOT to interface with several external organizations.  In coordination with the Government, the FOT will interface with NASA’s Ground and Space Networks as needed to support Testing and Configuration (T&C) activities. The FOT will interface with an external agency for collision avoidance and orbit maintenance tasks.  The FOT will interface with the spacecraft contractor for flight software maintenance.  Finally, the FOT will also interface with both the spacecraft contractor and the instrument contractor as necessary during anomaly identification and resolution.
1.7.1.2 Cooperative Mission Activities

The FOT will interface as directed by the Government with other civilian and military space programs in support of cooperative multi-system activities.
1.7.1.3 International Cooperators
The FOT will interface with the ICs and provide support and participate in the Landsat Technical Working Group (LTWG) meetings and the Landsat Ground Station Operators Working Group (LGSOWG) meetings as required.  As directed by the Government, the FOT will provide guidance and technical assistance to ICs in establishing and operating ground stations and resolving anomalies.  The FOT will not be required to provide technical insight into IC ground reception anomalies but only to provide spacecraft operational insight into potential reception discrepancies.
International travel may be required in support of these tasks. 
1.7.1.4 Mission Management Office (MMO)
The Mission Management Office (MMO) is the governing body for the USGS Flight Operations Segment (FOS).  The MMO oversees and directs all of the functional elements within the FOS such as CAPE, EROS MOC, and the GNE.

1.7.1.5 Pre-Launch Support Interactions

Prior to Observatory commissioning and in coordination with the USGS, the FOT contractor will work with NASA, the spacecraft contractor, the instrument contractor, the MOE contractor, and others as necessary to support the development of the LDCM system and transition it to full operational capability. 
1.7.1.6 Bus and Instrument Contractors

During the operations phase, the USGS will maintain a task-based support contract with the spacecraft contractor and the instrument contractor.  During special events, and as needed to supplement FOT expertise, the FOT will work cooperatively with these contractors to fulfill the LDCM mission requirements.  The spacecraft contractor will also provide flight software maintenance.
2 References/Definitions
2.1 Applicable Documentation

The following documents are referenced within this SOW as additional requirements.  These documents can be found at the indicated URL or http://www.usgs.gov/contracts/acq_opp/EROS_index.html. 
a. ANSI/EIA-748-A: EIA Standard for Earned Value Management Systems, 28 Aug 2002.
b. Office of Management and Budget (OMB) Circular A-11, Part 7 (Government-wide guidance on EVM) http://www.whitehouse.gov/omb/circulars.

c. NASA Procedural Requirement NPR 2810.1A, Security of Information Technology, May 6, 2006.
d. Federal Information Processing Standards (FIPS) and Special Publication (SP) 800 series documents, National Institute of Standards and Technology (NIST) (http://csrc.nist.gov/publications/fips/index.html)

e. Shana Dale memo, Meeting NASA Information Technology Security Requirements, dated July 26, 2006.

f. Scott Santiago memo, Agency Selection and Tailoring of IT Security Controls, dated Oct 12, 2006.

g. U.S. Geological Survey Manual (SM) 600.5 – Automated Information Security, June 11, 1993.

h. USGS Computer and Network Security Handbook.

i. USGS Security Controls Policy, October 2, 2006.

j. USGS Computer Security Handbook, March 17, 2006.

k. Department of the Interior, Departmental Manual, Information Resources Management Series, Chapter 19, “Information Technology Security Program,” 4/15/02, http://elips.doi.gov/app_dm/act_getfiles.cfm?relnum=3397.
l. NASA Agency Selection and Tailoring of NIST 800-53 Security Controls: Moderate, 10/12/2006.

2.2 Reference Documentation

The following documents provide context and background information on the LDCM system.  Unless otherwise indicated, these documents can be found at http://ldcm.gsfc.nasa.gov/library.html, http://ldcm.gsfc.nasa.gov/procurement.html, or http://www.usgs.gov/contracts/acq_opp/EROS_index.html. 
a. Landsat Data Continuity Mission (LDCM) Operations Concept Document, 427-02-02.
b. LDCM Mission Operations Element Requirements Document, 427-09-03.
c. LDCM MOE Contract Data Requirements List: Document Number 427-09-02.
d. LDCM Mission Operations Element Statement of Work, 427-09-01. 

e. EROS Mission Operations Center (MOC) Facility Concept, February 2008 Draft.
f. OLI Statement of Work, 427-XX.
g. LDCM Acronym List and Lexicon: Document Number 427-02-06

h. Collection Activity Planning Element (CAPE) Operations Concept Document (OCD), February 2008 Draft.
i. 450-SNUG, NASA Space Network (SN) Users’ Guide, http://msp.gsfc.nasa.gov/tdrss/guide.html. 

j. 453-GNUG, NASA Ground Network (GN) User’s Guide, (latest), http://scp.gsfc.nasa.gov/gn/index.htm.
k. 452-ICD-SN/CSM Interface Control Document Between the Space Network and Customers for Service Management May 2004.

3 Management Support
This section describes the FOT Contractor’s management duties throughout all mission phases.  
3.1 Project Management
[FOT001] The FOT Contractor shall create and maintain a Project Management Plan (CDRL MP001) as described in Section F.
[FOT002] Under guidance of the Government, the FOT Contractor shall direct and manage the overall performance of the LDCM Flight Operations Team (FOT).

[FOT003] The FOT Contractor shall define and implement a contract Work Breakdown Structure (WBS) (CDRL MP002) as described in Section F.
[FOT004] The FOT Contractor shall provide a full time manager for this project at the Mission Operations Center. 
3.2 Financial Management

[FOT005] The FOT Contractor shall create and maintain a Project Budget Plan (CDRL MP013) as described in Section F.

[FOT006] The FOT Contractor shall manage staffing and other expenditures to conform to the Project Budget Plan (CDRL MP013) as described in Section F.

[FOT007] The FOT Contractor shall provide a financial budgeting and accounting system for allocating all financial resources and monitoring their expenditures, including the financial management of subcontracts.  

[FOT008] The FOT Contractor shall provide a monthly Financial Report (CDRL MR005) as described in Section F.

3.3 Management Reporting

[FOT009] The FOT Contractor shall provide a Monthly Activity Report and Review (CDRL MR001) as described in Section F.
[FOT010] Key FOT personnel shall be available to meet with the Government once per week during the operations phase and more frequently during the pre-operations phases to update the Government on the status of the mission operations of the past week and to coordinate any upcoming events.
[FOT011] The FOT Contractor shall support other status and management meetings as directed by the Government.

[FOT012] The FOT Contractor shall provide Special Event Activity Reports (CDRL MR002) as described in Section F within 30 days of a special event.  Special events are unusual or unique operational situations such as extended eclipse events, leap second events, etc.
[FOT013] As directed by the Government, the FOT Contractor shall provide Ad Hoc Reports (CDRL MR003) as described in Section F.
[FOT014] The FOT Contractor shall measure program metrics and report these in Metrics Reports (MR004) as described in Section F.  The metrics will be defined by the Government. 

3.4 Integrated Baseline Review
The Integrated Baseline Review (IBR) Package (CDRL O009) is a joint FOT Contractor and Government assessment of the Project Management Plan (CDRL MP001) and the Project Budget Plan (CDRL MP013).  The objective of the IBR is for the FOT Contractor and Government to jointly assess technical areas, such as the FOT Contractor’s planning, to ensure: a) complete coverage of the statement of work; b) logical scheduling of work activities; c) adequate resources; and d) appropriate methodologies for calculating and reporting earned value performance data on a continuous basis.  
[FOT015] The FOT Contractor shall conduct an Integrated Baseline Review (IBR) 90 calendar days after contract award.  
3.5 Staff Allocation and Expertise

[FOT016] The FOT Contractor shall ensure availability and competence of the contract work force to execute the management and technical activities specified in this document.
[FOT017] The FOT Contractor shall manage staff allocation to the required tasks.  This shall be documented through a Staffing Plan (CDRL MP003).
3.6 Training and Certification of Personnel

[FOT018] The FOT Contractor shall develop, maintain and execute a formal Training and Certification Plan (CDRL MP004) as described in Section F.  

[FOT019] The Training and Certification Plan (CDRL MP004) shall ensure that the Flight Operations Team has the expertise and knowledge to conduct the LDCM mission and meet operational requirements.
[FOT020] The FOT Contractor shall develop and maintain the FOT Training Materials (CDRL O008) as described in Section F.

[FOT021] The training program shall include formal classroom training, simulated operations training and supervised hands-on operations.

[FOT022] The FOT Contractor shall ensure that all FOT personnel have the required training and certifications prior to assuming operational responsibilities.

[FOT023]  The FOT Contractor shall make all training resources available to Government personnel on a non-interference basis.

[FOT024] The FOT Contractor shall provide five working days per year of training (from the Training and Certification Plan) for up to ten Government personnel.

[FOT025] The FOT Contractor shall report metrics on training and certification on a monthly basis in the Metrics Report (CDRL MR004) as described in Section F.

3.7 Security Requirements

The LDCM ground system will include USGS facilities (e.g., the EROS MOC), NASA facilities (e.g., the Goddard MOC at GSFC), communications security (COMSEC) equipment, and permanent interfaces to NASA networks.  Thus the LDCM ground system as well as the FOT will be required to meet USGS, NASA and COMSEC security requirements.

[FOT026] As part of the Project Management Plan (CDRL MP001), the FOT Contractor shall provide an IT Security Requirements and Compliance Plan as well as all documents and other evidence required to show compliance.  
[FOT027]  At all times during the execution of this contract, the FOT Contractor shall be compliant with all DOI and USGS IT security requirements, including U.S. Geological Survey Manual (SM) 600.5 – Automated Information Security, USGS Computer and Network Security Handbook, USGS Security Controls Policy and the USGS Computer Security Handbook.
[FOT235] At all times during the execution of this contract, the FOT Contractor shall be compliant with the COMSEC security requirements.
[FOT028]  The FOT Contractor shall follow DOI regulations for certification and accreditation (C&A) of all systems, as identified in Chapter 19, “Information Technology Security Program,” Departmental Manual, Department of the Interior, 4/15/02.
[FOT031] At all times during the execution of this contract, the FOT Contractor shall be compliant with NASA security requirements as defined in NASA Procedural Requirement NPR 2810.1A.  NPR 2810.1A  requires that  National Institute of Standards and Technology (NIST) publications including the Federal Information Processing Standards (FIPS) and Special Publication (SP) 800 series documents be implemented to meet the Federal Information Security Management Act (FISMA) requirement.   

[FOT208] At all times during the execution of this contract, the FOT Contractor shall be compliant with all interim NASA security requirements as defined in NASA memos, including: Shana Dale memo, Meeting NASA Information Technology Security Requirements, dated July 26, 2006, and Scott Santiago memo, Agency Selection and Tailoring of IT Security Controls, dated Oct 12, 2006.

[FOT209] The FOT Contractor shall support a Certification and Accreditation (C&A) Review of the LDCM ground system pre-launch, and every three years or as required thereafter.

[FOT032] The FOT Contractor shall obtain all required access authorizations and submit any paperwork required for the FOT Contractor to access Government controlled facilities (such as Goddard Space Flight Center) or other contractor’s facilities (such as the spacecraft contractor’s Integration and Test (I&T) facility).

3.8 Quality Assurance and Improvement

[FOT039] As part of the Project Management Plan (CDRL MP001), the FOT Contractor shall create and implement a quality assurance plan that ensures continued compliance with operational requirements.

[FOT040] As part of the Project Management Plan (CDRL MP001), the FOT Contractor shall create and implement a plan for continuous improvement of the FOT’s performance and cost.
3.9 Configuration Management

[FOT041] The FOT Contractor shall develop and institute a Configuration Management (CM) program for LDCM flight operations.

[FOT042] The Contactor shall submit a Configuration Management Plan (CDRL MP006) as described in Section F.

[FOT043] The FOT Contractor shall accept Configuration Change Requests (CCR) as directed by the Government.

[FOT044] The FOT Contractor shall maintain configuration management for all installed MOC and bMOC hardware and software, including all CDRLS, Flight Software, data bases, ad-hoc operations tools and other ancillary information.

[FOT045] The FOT Contractor shall use Government-furnished CM tools.  (See 9.8 Configuration Management (CM) Tools )
[FOT046] The FOT Contractor shall conduct CM meetings weekly or as designated by the Government.  
[FOT047] The FOT Contractor shall conduct the CM meetings and the Government shall board the meetings and status all CM actions.  
[FOT048] The FOT Contractor shall attend the USGS Project level CM meetings and represent the program and mission responsibilities accordingly.
3.10 Flight Operations

The LDCM Flight Operations Plan (CDRL MP007) describes the Flight Operations Team (FOT) job.  It details the specifics of spacecraft and ground responsibilities by providing an outline of mission operations including plans, timelines, configurations, and interfaces necessary to coordinate flight and ground resources.  

[FOT049] The FOT Contractor shall provide a Flight Operations Plan (CDRL MP007) as described in Section F.
3.11 Earned Value Management

[FOT050] The FOT Contractor shall apply the principles and processes of Earned Value Management to provide effective and objective technical, schedule, and cost performance measurement.

[FOT051] The FOT Contractor shall meet all EVM requirements as defined in Section F.

[FOT052] The FOT Contractor shall document the planned approach to EVM in the Project Management Plan (CDRL MP001) as described in Section F.

[FOT056] The FOT Contractor shall provide monthly Contract Performance Reports (CPR) (CDRL MR006) as described in Section F.
3.12 MMO Support

[FOT232] The Contract shall support weekly meetings of the Mission Management Office (MMO) and respond to any assigned action items.

4 Other Duties

This section describes the administrative duties throughout all mission phases.
4.1 Library

[FOT058] The FOT Contractor shall provide for the operation and maintenance of a FOT library at the EROS MOC which shall contain all reference documentation, including written materials and Contract Data Requirements List (CDRLs) produced in conduct of this contract.  USGS will provide appropriate space at the EROS MOC to house the library.  
[FOT233] The FOT Contractor shall provide copies of all mission-critical documentation, including written materials and CDRLs produced in conduct of this contract, at both the Goddard MOC and bMOC.

4.2 Inventory Database
[FOT059] The FOT Contractor shall provide and maintain an Inventory Database (CDRL O001) that contains an accurate record of the EROS MOC and bMOC equipment (both hardware and software) as described in Section F. 

[FOT060] The Contactor shall affix Government provided tags on all EROS MOC and bMOC equipment as directed by the Government and support periodic (nominally once per year) Government property audits.  

4.3 Documentation

[FOT061] All documentation and CDRLs required by this SOW shall be delivered to the COR electronically or in three (3) hard copies, unless directed otherwise by the Government.  

5 Pre-Launch Requirements
This section describes the FOT Contractor requirements in the pre-launch phase as described in the LDCM Operations Concept Document (Section 2.2 a).  In this phase, NASA will have primary responsibility for the development, integration, and test of the Goddard MOC, the LDCM spacecraft and observatory instruments.  USGS will have primary responsibility for development, integration and test of the EROS MOC, bMOC and ground systems.  Regardless of the division of responsibilities between NASA and the USGS, this SOW defines the scope of work for the FOT.
During the pre-launch phase the Government will provide a formal training program for the FOT Contractor.  This program will feature an appropriate mix of classroom, hands-on, and on-the-job training sessions which will be individually planned for each staff position.  Topics will include spacecraft bus, spacecraft instruments, and MOC components (MOE, CAPE, etc.).
5.1 Spacecraft Contractor Support

This section describes FOT technical requirements during the development and acquisition of the LDCM spacecraft.  The engineering personnel from the FOT will work closely with the spacecraft contractor throughout the spacecraft development and acquisition to ensure overall system compatibility and to gain detailed knowledge of the spacecraft for use during operations.  This may require daily interactions with the spacecraft contractor over extended periods of time throughout the spacecraft development and acquisition.

[FOT065] The FOT Contractor shall provide engineering support for all spacecraft project milestones (e.g., PDR, CDR).

[FOT066] The FOT Contractor shall support spacecraft I&T including participation in I&T working groups, support of I&T procedures, interface testing, mission readiness test (MRT), operational readiness review (ORR), and mission rehearsals.
[FOT234] The FOT Contractor shall support all spacecraft subsystem level reviews and test events from subsystem CDR through successful integration of the subsystem into the spacecraft for all major satellite subsystems (e.g., attitude control, thermal, power, command & data handling, flight software, propulsion, communication, etc.).  [NOTE: For planning purposes, the FOT Contractor may assume an 18 month period from subsystem CDR through integration for each subsystem, and that support to events in that period will require 3 months TDY at the spacecraft contractor’s facility from one engineer for each subsystem.  Multiple subsystems may be supported by a single engineer.]

[FOT225] The FOT Contractor shall provide personnel at the spacecraft contractor facility (short-term or long-term) to meet the requirements of this SOW.

[FOT226] The FOT Contractor shall limit FOT participation in spacecraft contractor activities to those that support the requirements in this SOW.

[FOT227] The FOT Contractor shall coordinate all spacecraft contractor visits with the Government.

[FOT067] The FOT Contractor shall configure and manage an instance of the MOE in the spacecraft contractor’s I&T facility.  This shall include installing emergency software “patches” as supplied by the MOE contractor.
[FOT068] The FOT Contractor shall use the spacecraft contractor’s facility MOE for prototyping and risk reduction of the MOE-spacecraft interface and the spacecraft portion (e.g., command and telemetry definitions, telemetry limit definitions, etc.) of the Combined Project Database (Section 5.9).
[FOT069] The FOT Contractor shall support the spacecraft contractor’s efforts to integrate the MOE and the spacecraft.

[FOT070] The FOT Contractor shall work with the spacecraft contractor to capture the spacecraft expertise and knowledge necessary to develop spacecraft operations products (e.g., command procedures, command & telemetry definitions, telemetry displays, etc.), FOT training and certification materials, and to ensure overall mission success.

[FOT071] The FOT Contractor shall work with the spacecraft contractor to support the development and test of the LDCM Observatory Simulator.

[FOT236] The FOT Contractor shall work with the spacecraft contractor to develop the detailed Observatory activation, checkout, and commissioning products.  This will include the special Launch and Early Orbit (L&EO) products such as Integrated Mission Timeline (IMT), Launch Configuration Table, and sequential scripts that implement the details of the IMT with regard to FOT activities pre- and post-launch in support of Observatory activation.

[FOT237] The FOT Contractor shall work with the spacecraft contractor during the pre-Launch period to develop the Decommissioning Plan (CDRL MP012) as described in Section F.  

5.2 Instrument Contractor Support

This section describes FOT technical requirements during the development and acquisition of the mission instruments.  The engineering personnel from the FOT will work closely with the instrument contractor(s) throughout the spacecraft acquisition to ensure overall system compatibility and to gain detailed knowledge of the instruments for use within the FOT.  This may require daily interactions with the instrument contractor(s) over extended periods of time throughout the instrument(s) development and acquisition.

There will be an instance of the MOE at the instrument contractor’s facility.  Nominally, this instance will be used in a stand-alone mode.  The spacecraft bus contractor will be providing a bus interface simulator to the instrument contractor.  This interface simulator may enable the MOE to interface with the instrument.

[FOT072] The FOT Contractor shall provide engineering support for all instrument acquisition project milestones (e.g., CDR).

[FOT073] The FOT Contractor shall participate in developing instrument I&T procedures.

[FOT074] The FOT Contractor shall support instrument I&T activities.

[FOT228] The FOT Contractor shall provide personnel at the instrument contractor facility (short-term or long-term) to meet the requirements of this SOW.
[FOT229] The FOT Contractor shall limit FOT participation in instrument contractor activities to those that support the requirements in this SOW.

[FOT230] The FOT Contractor shall coordinate all instrument contractor visits with the Government.

[FOT075] The FOT Contractor shall configure and manage an instance of the MOE in the instrument contractor’s I&T facility.  This shall include installing emergency software “patches” as supplied by the MOE contractor.
[FOT076] The FOT Contractor shall use the main instrument contractor’s facility MOE for prototyping and risk reduction of the instrument portion of the Combined Project Database (Section 5.9).
[FOT077] The FOT Contractor shall work with the instrument contractor(s) to capture the instrument expertise and knowledge necessary to ensure overall mission success.

5.3 MOE Contractor Support

This section describes FOT technical requirements during the development and acquisition of the MOE.  The engineering personnel from the FOT will actively participate in the MOE development, test and acquisition process. 
[FOT078] The FOT Contractor shall work with the MOE developer and the Government to ensure that the MOE will satisfy all mission requirements, to ensure that the MOE will successfully integrate with the MOCs and LDCM ground systems, and to obtain the knowledge and expertise of MOE needed to fulfill all mission requirements.

[FOT079] The FOT Contractor shall support major MOE development milestones (e.g., PDR, CDR).

[FOT080] The FOT Contractor shall provide technical support to the MOE contractor during the development of the MOE.

[FOT081] The FOT Contractor shall provide feedback to the MOE contractor and support all MOE deliveries.

5.4 CAPE Support

During the pre-Launch phase, the CAPE developer will provide the FOT Contractor with training and documentation on the operation of the CAPE.

[FOT082] The FOT Contractor shall work with the CAPE developer and the Government to ensure that the CAPE will satisfy all mission requirements, to ensure that the CAPE will successfully integrate with the MOCs, and to obtain the knowledge and expertise of CAPE needed to fulfill all mission requirements.

[FOT083] The FOT Contractor shall provide technical support during the integration and test of the CAPE into the MOC.

[FOT084] The FOT Contractor shall support major CAPE development milestones (e.g., CDR).

[FOT085] The FOT Contractor shall provide technical support to the CAPE developer during the development of the CAPE.

[FOT086] The FOT Contractor shall provide feedback to the CAPE developer and support all CAPE deliveries.

5.5 GNE Support

[FOT087] The FOT Contractor shall work with the GNE developers and the Government to ensure that the GNE will satisfy all mission requirements, to ensure that the GNE will successfully integrate with the MOCs, and to obtain the knowledge and expertise of GNE needed to fulfill all mission requirements.

[FOT088] The FOT Contractor will provide technical support to the GNE developers during development of the GNE.

[FOT089] The FOT Contractor shall support major GNE development milestones (e.g., PDR, CDR).

5.6 Working Groups

Throughout the pre-launch phase, the Government will convene various ad-hoc and standing working groups to ensure end-to-end system compatibility and mission success.  These may be USGS-only or joint USGS-NASA working groups.  These working groups may occur at the EROS Center or at the Goddard Space Flight Center.

[FOT090] The FOT Contractor shall support LDCM working group meetings as directed by the Government.

5.7 Goddard MOC, EROS MOC and bMOC Integration and Test

The Government has responsibility for the successful integration of the Goddard MOC, the EROS MOC, and the bMOC.  The FOT will be the Government’s primary source of technical support during integration.
[FOT091] The FOT Contractor shall provide technical support to the Government during the integration and testing of hardware and software at the Goddard MOC, EROS MOC, and bMOC.

[FOT092] When new or updated hardware or software is installed at the Goddard MOC, EROS MOC or bMOC, the FOT Contractor shall conduct regression testing.

[FOT093]  The FOT Contractor shall provide technical support to the Government during the integration and testing of the MOE at the Goddard MOC, EROS MOC, and bMOC. 


[FOT094] The FOT Contractor shall provide technical support to the Government during the integration and testing of the LDCM Observatory Simulator at the Goddard MOC, EROS MOC, and bMOC.

[FOT095] The FOT Contractor shall provide technical support to the Government during the integration and testing of the CAPE at the Goddard MOC, EROS MOC, and bMOC.

[FOT096]  The FOT Contractor shall provide technical support to the Government during the integration and testing of the USGS Ground Network Element (GNE) interface at the Goddard MOC, EROS MOC, and bMOC.

[FOT097]  The FOT Contractor shall provide technical support to the Government during the integration and testing of the NASA Ground Network interface at the Goddard MOC, EROS MOC, and bMOC.

[FOT098]  The FOT Contractor shall provide technical support to the Government during the integration and testing of the NASA Space Network interface at the Goddard MOC, EROS MOC, and bMOC.

[FOT099] The FOT Contractor shall provide technical support to the Government during the integration and testing of the Goddard MOC and EROS MOC with the spacecraft contractor’s facility as needed to support pre-launch and launch activities.

[FOT100] The FOT Contractor shall provide technical support to the Government during the integration and testing of the Goddard MOC (and the EROS MOC in its role as backup to the Goddard MOC) with the launch contractor’s facility as needed to support pre-launch and launch activities.

[FOT101] The FOT Contractor shall define and conduct network interface and compatibility tests for all the Goddard MOC, EROS MOC, and bMOC network interfaces.

[FOT221] The FOT Contractor shall prepare a bMOC Operational Readiness Plan (CDRL MP015) as described in Section F.
5.8 Mission Integration and Test

The FOT will have a primary role in the mission integration and test activities during the Pre-Launch phase.  Major integration and test activities during this period include Ground Readiness Tests (GRTs), Mission Readiness Tests (MRTs), Mission Simulations, Launch Rehearsals, the Mission Operations Review (MOR), and Final Operations Review (FOR).  The role of the FOT is described in more detail in the LDCM Integration and Test Plan.
[FOT102] The FOT Contractor shall support the Government in the preparation of the Ground Readiness Test Plan.

[FOT103] The FOT Contractor shall conduct the Ground Readiness Tests in cooperation with the Government, the spacecraft contractor, and other contractors in accordance with the Ground Readiness Test Plan.

[FOT104] The FOT Contractor shall support the Government in the preparation of the Mission Readiness Test Plan.

[FOT105] The FOT Contractor shall conduct the Mission Readiness Tests in cooperation with the Government, the spacecraft contractor, and other contractors in accordance with the Mission Readiness Test Plan.

[FOT106]  The FOT Contractor shall prepare a Mission Simulation Plan (CDRL MP014) as described in Section F.
[FOT107] The FOT Contractor shall conduct a minimum of five (5) Mission Simulations in cooperation with the Government, the spacecraft contractor, and other contractors in accordance with the Mission Simulation Plan.

[FOT108] The FOT Contractor shall support the Government in the preparation of the Launch Rehearsal Plan.

[FOT109] The FOT Contractor shall conduct a minimum of three (3) Launch Rehearsals in cooperation with the Government, the spacecraft contractor, and other contractors in accordance with the Launch Rehearsal Plan.

[FOT110] The FOT Contractor shall prepare a Mission Operations Review (MOR) Package (CDRL O004) as described in Section F.

[FOT111] The FOT Contractor shall conduct a Mission Operations Review (MOR).  The purpose of the MOR is to review the status of the system components, including the ground systems and its operational interfaces with the flight systems including summary results of the network compatibility tests.  The MOR also presents the initial operations concept and explains how the ground systems and FOT activities will support the concept.
[FOT112] The FOT Contractor shall prepare a Final Operations Review (FOR) Package (O005) as described in Section F.

[FOT113] The FOT Contractor shall conduct a Final Operations Review (FOR).  The purpose of the FOR is to certify that the LDCM system is qualified for operations.  The FOR shall include a review of any outstanding deficiencies or discrepancies and plans for corrective actions.
5.9 Combined Project Database Development

The combined project database contains all the configurable or user-specifiable information for the Goddard MOC, EROS MOC, and bMOC systems.  This includes command & telemetry definitions, derived telemetry definitions, telemetry limit definitions, commanding scripts, ground support equipment (GSE) telemetry definitions and command directives, flight dynamics configuration, user interface configurations (e.g., telemetry page displays) and trending and report information.  The Government will provide a tool for the creation and maintenance of the project database.  The FOT will populate and maintain the the combined project database using this tool.

[FOT114] The FOT Contractor shall populate and validate a combined project database that shall include all configurable or user-specifiable information required to operate the Goddard MOC, EROS MOC, and bMOC systems.

[FOT115] The FOT Contractor shall manage the combined project database.

[FOT116] The FOT Contractor shall provide a combined project database in accordance with Combined Project Database Deliveries (CDRL O002) as described in Section F.

5.10 Command Procedures Development

Command procedures are sequences of spacecraft commands implemented on the MOE to accomplish particular tasks, such as uploading new star targets.

[FOT117] The FOT Contractor shall develop all spacecraft command procedures required for operation of the LDCM Observatory in all mission phases.

[FOT118] Before launch, the FOT Contractor shall obtain signed approval from the spacecraft contractor on all spacecraft command procedures.

5.11 Operating Procedures Development

Operating procedures define standard FOT operations (e.g., pre-pass setup) or contingency operations (e.g., incorrect command load).  Each procedure provides a clear specification of the timing, sequence, and execution of defined steps used by the FOT to accomplish a particular goal, e.g., the process for obtaining, verifying and uploading a new ephemeris. While command procedures refer only to spacecraft commands, operating procedures cover all the steps and processes to accomplish a task, such as off-line calculations, coordinating with other organizations, seeking Government approval, etc. The operating procedures will be developed by the FOT based upon their experience, knowledge, and the information obtained from the spacecraft contractor, instrument contractor(s), MOE contractors, and other pre-launch activities.
[FOT119] The FOT Contractor shall prepare an Operating Procedures Style Guide (CDRL O006) as described in Section F and develop all operating procedures in accordance with the guide.

[FOT120] The FOT Contractor shall develop, test, rehearse and maintain Standard Operating Procedures (CDRL MProc001) as described in Section F.
[FOT121] The FOT Contractor shall develop, test, rehearse and maintain Contingency Operating Procedures (CDRL MProc002) as described in Section F.
[FOT122] The FOT Contractor shall develop, test, rehearse, and maintain Ground Readiness Test Procedures (CDRL MProc003) as described in Section F.
[FOT123] The FOT Contractor shall develop, test, rehearse, and maintain Mission Readiness Test Procedures (CDRL MProc004) as described in Section F.
[FOT124] The FOT Contractor shall develop, test, rehearse, and maintain Mission Simulation Procedures (CDRL MProc005) as described in Section F.

6 Launch, Early Orbit, and Commissioning Requirements
This section describes the FOT Contractor requirements throughout the launch, early orbit and commissioning phases as described in the LDCM Operations Concept Document (Section 2.2 a).   During these phases, NASA will have primary responsibility for the Launch, orbital insertion, deployments, testing, anomaly resolution and checkout.  During these phases, the Observatory will be operated by the FOT from the Goddard MOC.  The EROS MOC will serve as the backup MOC during these phases.
6.1 Observatory Operations 

[FOT125]  The FOT Contractor shall provide observatory operations 24 hours per day, 7 days a week in the Goddard MOC during the launch, early orbit and commissioning phases.

[FOT126] The FOT Contractor shall prepare a Launch and Early Orbit Handbook (CDRL O003) as described in Section F.
6.2 Spacecraft Engineering 

[FOT127]   The FOT Contractor shall provide at least one spacecraft or subsystem engineer 24 hours per day, 7 days a week in the Goddard MOC during the Launch and Early Orbit phases.

[FOT128] The FOT Contractor shall provide on-call availability 24 hours per day, 7 days a week for all spacecraft and subsystem engineering disciplines (systems engineering, attitude control systems, power systems, thermal systems, command & data handling systems, on-board computing) during the launch, rarly orbit and commissioning phases.

6.3 Ground System Engineering 

[FOT129]   The FOT Contractor shall provide ground system engineering support 8 hours per day, 5 days a week in the Goddard MOC during the Launch and Early Orbit phases.

 [FOT130] The FOT Contractor shall provide on-call availability 24 hours per day, 7 days a week for ground system engineering during the launch, early orbit and commissioning phases.

6.4 Mission Planning 

[FOT131] The FOT Contractor shall provide mission planning support for all launch, early orbit and commissioning activities.

6.5 Flight Dynamics 

[FOT132] The FOT Contractor shall provide flight dynamics support for all launch, early orbit and commissioning activities.

6.6 Commissioning Activities
[FOT134] The FOT Contractor shall support Government personnel in creating a LDCM Commissioning Plan (CDRL MP008) as described in Section F.
[FOT135] The FOT Contractor shall support the activities in the LDCM Commissioning Plan. 

[FOT136] Prior to commissioning, the FOT shall perform an independent evaluation of the LDCM ground and space systems and report to the Government any deficiencies or issues which might impact commissioning.
[FOT210] At the conclusion of commissioning, the FOT Contractor shall plan and execute a switch of operational responsibility from the Goddard MOC to the EROS MOC.

6.7 Anomaly Resolution

[FOT137] During the launch, early orbit and commissioning phases, the FOT Contractor shall support NASA in detecting and resolving observatory and ground anomalies.

6.8 Goddard MOC and EROS MOC Sustaining Engineering

[FOT188] The FOT Contractor shall operate and manage the hardware and software at the Goddard MOC and the EROS MOC.

[FOT189]  All Goddard MOC and EROS MOC sustaining engineering functions not provided as GFE (see Section 9 Government Furnished Equipment (GFE)), such as:


· System fault isolation analysis

· Anomaly detection, isolation, analysis and resolution

· Property management

Management, configuration and installation of MOC software licenses shall be the responsibility of the FOT.

7 Operations

This section describes the FOT Contractor requirements throughout the operations phase as described in the LDCM Operations Concept Document (Section 2.2 a).  During this phase, the Goddard MOC will be decommissioned and the Observatory will be operated by the FOT from the EROS MOC.
7.1 Goddard MOC Decommissioning and bMOC Commissioning

During launch, early orbit and commissioning phases, the Goddard MOC will have operational responsibility for the LDCM Observatory, and the EROS MOC will provide backup capability.  At the beginning of the operations phase, the Goddard MOC and the EROS MOC will swap responsibilities, so that the EROS MOC will have the operational responsibility and the Goddard MOC will provide backup capability.  After that swap is complete, the FOT will commission the bMOC.  When the bMOC is fully commissioned, it will assume the backup responsibility for the EROS MOC and the Goddard MOC will be decommissioned.
[FOT222] Within six months of the beginning of operations, the FOT Contractor shall integrate, test and validate operational readiness of the bMOC in accordance with the bMOC Operational Readiness Plan (CDRL MP015) as described in Section F.

[FOT223] Upon approval of the Government, the FOT Contractor shall switch the backup MOC responsibilities from the Goddard MOC to the bMOC.

[FOT224] As directed by the Government, the FOT Contractor shall support the decommissioning of the Goddard MOC.

7.2 Observatory Operations 

Observatory operations for LDCM will be conducted at the EROS MOC. Initially, the EROS MOC will be staffed with observatory operators 24 hours per day, 7 days a week.  Within nine months of commissioning, LDCM observatory operations is expected to mature to a lights-out (automated) concept of operations where the EROS MOC will be staffed with observatory operators 8 hour per day, five day per week and operate autonomously on evenings and weekends (up to 72 hours). 

[FOT138] The FOT Contractor shall initially operate the Observatory 24 hours per day, 7 days a week.
[FOT207] After each real-time contact, the FOT Contractor shall create a Post-Pass Analysis and Summary Report (CDRL MR009) as described in Section F.

[FOT139] Within nine months of commissioning, the FOT Contractor shall develop the necessary scripts, procedures and concept of operations to reduce observatory operations to an 8 hour per day, five day per week staffing profile.

[FOT140] The FOT Contractor shall develop an Automation Implementation Plan (CDRL MP010) as described in Section F to ensure that all mission requirements will be met during 8x5 operations.

[FOT141] Upon successful completion of the Automation Implementation Plan and direction from the Government, the FOT Contractor shall reduce the operations staff at the EROS MOC to 8 hours per day, 5 days a week.
7.3  Spacecraft Engineering

The Government will provide task-based support from the spacecraft contractor as necessary to augment the FOT’s expertise during special events.

[FOT142]  The FOT Contractor shall provide quarterly Engineering Reports (CDRL MR008) as described in Section F.

[FOT143]   The FOT Contractor shall provide engineering expertise for all spacecraft subsystems 8 hours per day, 5 days per week during the operations phase.

[FOT144] The FOT Contractor shall provide on-call emergency expertise 24 hours per day, 7 days a week for all spacecraft and subsystem engineering disciplines (systems engineering, attitude control systems, power systems, thermal systems, command & data handling systems, on-board computing) during operations phase.

[FOT145] The FOT Contractor shall monitor the health and performance of all spacecraft subsystems and report results.

[FOT146] The FOT Contractor shall work with the spacecraft contractor as necessary for special events.

7.4 Instrument Engineering 

The Government will provide task-based support from the instrument contractor as necessary to augment the FOT’s expertise for special events.

[FOT147] The FOT Contractor shall provide instrument engineering expertise 8 hours per day, 5 days per week during the operations phase.

[FOT148] The FOT Contractor shall provide on-call emergency expertise 24 hours per day, 7 days a week for instrument engineering during operations phase.

[FOT149] The FOT Contractor shall perform routine instrument engineering tasks, such as monitoring the health and performance of the LDCM instruments and performing on-orbit calibration and validation and report results.

[FOT150] The FOT Contractor shall work with the instrument contractor as necessary for special events.

7.5 Ground System Engineering 

In this section, the LDCM ground systems refer to the Goddard MOC (until decommissioning), the EROS MOC, and the bMOC.

[FOT151]   The FOT Contractor shall provide engineering expertise for all LDCM ground systems 8 hours per day, 5 days per week in the EROS MOC during the operations phase.

[FOT152] The FOT Contractor shall provide on-call emergency expertise 24 hours per day, 7 days a week for all LDCM ground systems during operations phase.

[FOT153] The FOT Contractor shall monitor the health and performance of all LDCM ground systems and report results.

7.6 NSN and NGN Support

[FOT154]  The FOT Contractor shall support periodic proficiency contacts for the NASA Ground Network (NGN) at the EROS MOC and bMOC.

[FOT155]  The FOT Contractor shall support periodic proficiency contacts for the NASA Space Network (NSN) at the EROS MOC and bMOC.

7.7 Flight Dynamics Support

Flight Dynamics support provides orbit determination and propagation, maneuver planning for Worldwide Reference System (WRS) maintenance, orbital products for mission planning, ground and spacecraft resource programming, and other functions.  Flight Dynamics will routinely monitor spacecraft ground track and plan for necessary drag makeup, inclination, or retrograde maneuvers.  Daily product deliveries to mission planning and CAPE will be performed for fresh ground target requests, accurate spacecraft gimbaled antenna programming, ground station tracking, and other mission product generation for the ICs.  Additionally, flight dynamics will create and provide orbital elements to external collision and avoidance groups for regular debris close-approach analysis.

[FOT156] The FOT Contractor shall provide flight dynamics expertise as required to meet all mission requirements.

[FOT157] The FOT Contractor shall monitor the LDCM spacecraft orbit and plan orbit maneuvers as necessary to maintain desired orbits, observatory attitude and phasing.

[FOT158] The FOT Contractor shall produce standard flight dynamics data and distribute it to mission data processing and other users.

7.8 Mission Planning 

The mission planning functions for LDCM will be largely automated and provided jointly by the MOE and the CAPE.  The CAPE will receive collection requests from internal and external users as well as the Long-Term Acquisition Plan (LTAP-8), combine these requests with ancillary data such as cloud cover predictions and LDCM ground system usage schedules, and generate a daily collection schedule.  This is passed to the MOE for further deconfliction and adjustment to become the operational schedule.  Each schedule will cover 72 hours.  Scheduling will occur daily during 24x7 operations.  During automated operations, scheduling will occur daily during the week, and the Friday schedule will cover the weekend.
[FOT159] The FOT Contractor shall provide mission planning expertise as required to meet all mission requirements, including on-call or emergency mission planning support as needed.
[FOT160] The FOT Contractor shall provide assistance to the LDCM ICs as necessary to resolve mission planning needs.  

[FOT161] The FOT Contractor shall interface with the scheduling offices for the GNE, the NASA Space Network and the NASA Ground Network as necessary to support LDCM operations.

[FOT211] The FOT Contractor shall operate the CAPE and fulfill the duties of the Data Acquisition Planner (DAP) as described in the Collection Activity Planning Element (CAPE) Operations Concept Document (OCD). 

[FOT212] The FOT Contractor shall monitor the external data inputs to the CAPE (e.g., cloud cover predictions) to ensure their timeliness and availability.

[FOT213] When informed of a change in the availability of an IC, the FOT Contractor shall update that availability in the CAPE.

[FOT214] When informed of a new IC, the FOT Contractor shall enter the relevant scheduling data into the CAPE and MOE.

[FOT215] The FOT Contractor shall monitor the CAPE to ensure that scheduled reports are generated as required.

[FOT216] The FOT Contractor shall review and manually deconflict the CAPE collection plan before it is submitted to the MOE.

[FOT217] The FOT Contractor shall review, manually deconflict and approve the MOE collection plan and integrated schedule.

[FOT218] The FOT Contractor shall respond to requests from the Data Acquisition Manager (DAM) to add, delete, or change collection requests in CAPE.

[FOT219] The FOT Contractor shall respond to requests from the Data Acquisition Manager (DAM) to work with users (normally via telephone) to refine incomplete data collection requests (e.g., “I need an image of the Nile River valley”) to determine path/rows and to enter the revised collection request into the CAPE.

[FOT220] Upon request of the DAM, the FOT Contractor shall manually initiate a new scheduling cycle (e.g., to include an emergency data collection request).

7.9 Combined Project Database Maintenance
During the operational phase of the LDCM program, the FOT will have the responsibility to maintain and manage the combined project database.

[FOT162] The FOT Contractor shall maintain and manage the configuration of the configuration the combined project database.
7.10 Real-Time and Off-Line Operations

Real-time operations consist of those activities that are necessary for direct communication with the spacecraft and include telemetry and commanding, orbit and attitude maintenance maneuvers, system configuration, housekeeping telemetry processing, command load uplink and verification, and table and memory load/dump operations.  Off-line operations are those non-real-time activities that are necessary for the safe and nominal operation of the spacecraft and include planning and scheduling, orbit determination, stored command load generation, and ephemeris generation. .

[FOT163] The FOT Contractor shall perform all real-time operations of the observatory.
[FOT164] The FOT Contractor shall perform all off-line operations of the observatory.
7.11 Anomaly Detection, Isolation, Analysis, and Recovery

An anomaly is defined as the occurrence of any event that causes the spacecraft, instruments, or any of the ground systems to perform in a non-standard manner.  An anomaly may occur in either on-orbit or ground-based elements of the Flight Operations Segment (FOS).

Some anomalies may lead the Government to create and manage an Anomaly Resolution Team (ART) and augment the technical staff to support anomaly analysis and recovery.  The ART will have lead responsibility for analysis of anomalies that are determined to be the result of the performance of an on-orbit system or subsystem, or a result of a procedural error.  The ART is also responsible for development of a corrective action recommendation to be given to the Government.
[FOT165] The FOT Contractor shall monitor the health of the spacecraft and the LDCM ground systems to detect any anomalies that occur.

[FOT174] The FOT Contractor shall collect all available Housekeeping data from the LDCM spacecraft.  

[FOT166] In the event of an anomaly, the FOT Contractor shall follow the anomaly resolution process as defined in the Flight Operations Plan (MP007) and the Contingency Operating Procedures (MProc002).

[FOT167] The FOT Contractor shall report all anomalies to the Government.

[FOT168] The FOT Contractor shall recommend corrective actions and implement them as directed by the Government.

[FOT169] Under the oversight of the Government, the FOT Contractor shall have responsibility for analysis and resolution of anomalies that are determined to be the result of performance or failure of a ground-based system or subsystem, or a result of procedural error.

[FOT170]  When there is an anomaly but the Government has not established an ART, the FOT Contractor shall have the lead responsibility in detecting, isolating, analyzing, and recovering from anomalies.

[FOT171] When there is an anomaly and the Government has established an ART, the FOT Contractor shall participate in the analysis of on-orbit and ground-based anomalies in support of the ART, as directed by the Government.  

[FOT172] The FOT Contractor shall participate in the Incident Report Process.

[FOT173] The FOT Contractor shall work with the spacecraft contractor, the instrument contractor, the MOE contractor, NASA, USGS and other technical contractor support as necessary for anomaly resolution.

7.12 Trending and Analysis

[FOT175] The FOT Contractor shall use the EROS MOC and bMOC systems to maintain an archive of collected Housekeeping data for the lifetime of the mission.

[FOT176] The FOT Contractor shall process, trend and analyze the Housekeeping data on a short term (e.g., daily), long-term and periodic basis as required to maintain health and safety of the spacecraft. 
[FOT177] The FOT Contractor shall perform trending and analysis of Housekeeping data for science data characterization.
[FOT178] As directed by the Government, the FOT Contractor shall provide ad hoc trending and analysis as needed for anomaly investigations, maneuver planning and other mission activities.
7.13 Spacecraft Flight Software Sustaining Engineering

The spacecraft contractor will provide flight software maintenance and updates for the initial five years of the LDCM Project (with five additional option years).  The FOT will have the responsibility of receiving FSW updates from the spacecraft contractor, maintaining the reference copy of the FSW, and performing all routine FSW sustaining engineering not provided by the spacecraft contractor, including maintaining the star catalog.
The Government will negotiate a Memorandum of Understanding (MOU) between the flight software maintenance provider and the FOT contractor defining the flight software maintenance responsibilities of each organization.

[FOT179] The FOT Contractor shall provide and maintain a Flight Software Maintenance Plan (CDRL MP009) as described in Section F for sustaining engineering of Flight Software, including standard and contingency operations.

[FOT180] The FOT Contractor shall perform all sustaining engineering of the Flight Software not provided by flight software maintainer, including tasks such as Ground Reference Image dump compares with the FSW reference image, designing, building and maintaining Relative Time Command Sequences (RTCSes), etc.

[FOT181] The FOT Contractor shall maintain and manage the configuration of the reference (“gold”) image of the FSW.

[FOT182]  The FOT Contractor shall maintain the star catalog.

[FOT183]  The FOT Contractor shall generate and upload accurate star targets yearly or as necessary.

[FOT184]  The FOT Contractor shall receive new FSW load images from the FSW maintainer, perform the simulation testing of FSW deliverables, upload or patch the FSW deliverables, and evaluate the performance of the new FSW.

[FOT185]  The FOT Contractor shall be responsible for all loads of new data or instruction words directly into the spacecraft computer memory.

[FOT186] The FOT Contractor shall maintain any necessary MOC-located FSW equipment, tools, and products.

7.14 LDCM Observatory Simulator Sustaining Engineering

The LDCM Observatory Simulator will be provided by the Government and may be a pure software simulator or a hardware-software mix.  The Government will provide maintenance of all simulator components.

[FOT187] The FOT Contractor shall manage the LDCM Observatory Simulator and ensure that it is configured properly for training, rehearsals, validation of command procedures and flight software, and other uses.

7.15 EROS MOC and bMOC Sustaining Engineering
[FOT188] The FOT Contractor shall operate and manage the hardware and software at the EROS MOC and bMOC. 
[FOT189]  All EROS MOC and bMOC sustaining engineering functions not provided as GFE as described in Section 9 Government Furnished Equipment (GFE)), shall be the responsibility of the FOT, such as:


· System fault isolation analysis

· Anomaly detection, isolation, analysis and resolution

· Property management

· Management, configuration and installation of MOC software licenses

7.16 Collision Avoidance Support

[FOT190] The FOT Contractor shall interface with an external agency designated by the Government to obtain collision avoidance information.  

[FOT231] The FOT Contractor shall develop a Collision Avoidance Plan (MP015).

[FOT191] The FOT Contractor shall implement and follow the Collision Avoidance Plan (MP015).
7.17 Emergency Operations

Emergency operations are required when an event occurs that makes the EROS MOC unable to fulfill some or all of the mission requirements.

[FOT192] The FOT Contractor shall provide an Emergency Plan (CDRL MP011) as described in Section F that describes the FOT response to events that render the EROS MOC unable to fulfill some or all of the mission requirements.

[FOT193]  The FOT Contractor shall periodically exercise the Emergency Plan (CDRL MP011) to ensure that it can be successfully implemented.
[FOT194] The FOT Contractor shall implement the Emergency Plan (CDRL MP011) when the EROS MOC is unable to fulfill some or all of the mission requirements.
[FOT195] During events that affect the accessibility of the EROS MOC or bMOC (e.g., weather closures), FOT staff shall be considered mission-essential personnel.

7.18 Organizational Interfaces
[FOT196] The FOT Contractor shall support the organizational interfaces defined in Section 1.7 External Organizational Interfaces.
7.19 International Cooperator Support
[FOT197] The FOT Contractor shall provide coordination, scheduling and assistance to the ICs as directed by the Government.  This includes but is not limited to anomaly interpretation, manual scheduling for special events, conflict resolution, and modeling ground network expansion and its impacts to on-orbit resources and other Cooperators.  The FOT shall not be required to provide technical insight into IC ground reception anomalies but only to provide spacecraft operational insight into potential reception discrepancies.

[FOT198] The FOT Contractor shall ensure that the FOT personnel who assist the ICs are able to travel internationally as required. 
8 Observatory Decommissioning
This section describes the FOT Contractor requirements throughout the decommission phase as described in the LDCM Operations Concept Document (Section 2.2 a).  

[FOT199] The FOT Contractor shall prepare a Decommissioning Plan (CDRL MP012) as described in Section F.

[FOT200] The FOT Contractor shall support a Decommission Review of the Decommissioning Plan (CDRL MP012).

[FOT201] The FOT Contractor shall execute the Decommissioning Plan (CDRL MP012) as directed by the Government.

[FOT202] The FOT Contractor shall provide adequate staffing for decommissioning activities. 

[FOT203] The FOT Contractor shall support the creation of the End of Mission Report.
9 Government Furnished Equipment (GFE)
The Government will supply the FOT Contractor, directly or through other contract, the facilities, equipment, software, documentation, and services described below.
9.1 Supplies

The Government will supply all the office supplies and consumables used in the daily execution of this contract.
9.2 Facilities

The Government will supply building space at the USGS EROS Center in Sioux Falls, South Dakota.  This space includes approximately 1000 sq. ft. of control center and additional supporting office space, including library space.  This space will be appropriately configured and furnished for the operation of LDCM by the FOT and will include space for administrative support anticipated by this SOW.  The Government will also provide space for a control center and supporting office space at Goddard Space Flight Center for the Goddard MOC and pre-launch FOT activities.
The Government will supply all utilities, including water electricity, and air-conditioning, for those facilities, as well as maintenance, custodial, and physical security services for the space provided.
9.3 MOC Sustaining Engineering

The Government will provide the following hardware and software sustaining engineering of all Goddard MOC, EROS MOC and bMOC ground systems:
· Facilities management

· IT Security

· Basic network administration, such as management and assignment of IP addresses, maintaining a DNS server, etc. 
· Basic system administration of EROS MOC and bMOC systems, such as applying operating system patches, maintaining user logins, performing backups, etc.
9.4 Hardware

The Government will supply the hardware required in support of activities contained in this SOW.  This will include standard office equipment such as office furniture, desktop computers, and printers.
The Government will provide all ground segment facilities, subsystems, and related hardware items for use under this contract. 
The Government will provide the maintenance of all hardware associated with the LDCM Primary and backup Mission Operations Centers.
The Government will provide technology refresh of all hardware associated with the EROS MOC and bMOC as necessary.

9.5 Software

The Government will supply the software required in support of activities contained in this SOW.  This will include standard office software such as Microsoft Office, and other software as needed to fulfill the FOT requirements.
The Government will supply all software required for the operation of the Goddard MOC, EROS MOC and bMOC.  

The Government will be responsible for the maintenance of all software associated with the conduct of LDCM Flight Operations.
The Government will provide a software tool for the creation and maintenance of the combined project database.

9.6 Documentation

The Government will provide the FOT with documentation for all GFE hardware and software.
9.7 Training

Prior to mission simulations, the Government will provide the FOT with initial training on all MOC systems and the Observatory.
9.8 Configuration Management (CM) Tools 
The Government will provide CM tools for use by the FOT.
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