Effective Date: (Date of last signature) 417-R-SCWBS-0060
Verson2.2

Geostationary Operational Environmental Satellite (GOES)
R Series

Flight Project

Spacecr aft

Work Breakdown Structure (WBS)
Dictionary

January 24, 2008

Goddard Space Flight Center
Greenbelt, Maryland

Check the VSDE at https://vsde.nasa.gov/vsde/portal to verify correct version prior to use



https://vsde.nasa.gov/vsde/portal

Effective Date: (Date of last signature)

GOES-R Spacecr aft
Work Breakdown Structure (WBS)
Dictionary

Prepared by:

Paul W Richards

NASA/GSFC 417

GOES-R Observatory Manager

Contracting Officer Technical Representative

Review by:

Bob Mdlis
NASA/GSFC 417
GOES-R Deputy Project Manager-Resources

Review by:

Tim Walsh
NASA/GSFC 417
GOES-R Deputy Project Manager

Approved by:

Michael L. Donnelly
NASA/GSFC 417
GOES-R Project Manager

417-R-SCWBS-0060

Date

Date

Date

Date

Verson2.2



Effective Date: (Date of last signature) 417-R-SCWBS-0060

Verson2.2

OO TS 0= o1 o = = SRR 1
11 Program ManagemENE .............eeeiiiiiiiiiiii e e e e e e e e e e e s e e e e e s e anna 1
111 Program Management OFfiCe ........coouei i e 1
00 0t St O I = . RPN 1
11.2 RESOUICE MaNBQEMENL ........eeiiiiiiei e e e e e e eeeas 1
1.1.21  Configuration ManagemMent ...........cooiieeeiiireenieieeiiee e eree s seeee e seee e 1
1.1.2.2 Information Technology Management............cccocueriiieeinieesniiiee e 1
1.1.3 RISK MENAGEMENT ......oiiiiie ettt e sanseesreeeen 1
114 Government RESIAENt OffICE.......ciuuiiiiiie e e 2
115 Program COMMUNICELION .........cceeiiiieeeiiieeeiee e siee et e e sbe e e saee e s sneeeeas 2
116 DESIGN REVIBWS ...ttt ettt ettt et sate e e e b e s e bee e snsseesnneeesneeeens 2
117 MISCEllANEOUS REVIEWS.........eeiiiiie ettt e e snee e 2
1.1.8 REVIEW SUDPOM ...t e s e e e sa e e e e s nn e e e e e enees 2
1.2  SystemsSENGINEering (SE) ....ooeve i 3
121 Systems Engineering Management..........cccooiieieiiiiieieesciiiee e csires e s e s e 3
122 Systems ENgiNeering SUPPOIT.........eeeiiiiieeeeiiiee e eitiee e s este e s sree e s e e e s snaneeeeans 3
123 System Designs, Analyses and Trades.........c..uveveiiiiieee e 3
124 Requirements and Specification Generation .............coocvveveeiiiieieciiieee s 3
1.25 Performance Verification Plans and ProCedUres...........ooovveveeeniieniiiee i 3
1.2.6 Interface Definition and CONIOl...........ocuee e 3
1.26.1  INStrument INEErfACES........uee i e 3
1.2.6.2  Ground INTEITACES........ciiiiieeiiee ettt et sneesneeeens 4
1.2.6.3 Launch Vehicle INtErfaces. ... .o 4
1.2.7 (@00 01721011 7= (o] IO SRS 4
1.3  Safety and Mission ASSUraNCE (SEMA) ....ci i 4
131 SEMA MaANAGEMENT ....eeeiiiiei i e e e e s s s s arreereeaeeaanaans 4
132 S 1 TR PRRP 4
133 PartS COMLIOL ......eeeeiiieie ettt s b e b e e s b e e snee e 4
134 Materials and Processes CONLIOl.........cooviieiieei et 4
1.35 REITADITTY .o sbe e 4
1.3.6 QUALITY ASSUIBINCE. ... uuieieiiiieee e iitietee e e ettt e e ettt e e e s e e e s ab b e e e e anabe e e e essssneeeeansraeeeens 4
1.3.7 SOFtWAIE ASSUIANCE. ......eeiieie et riitee et et e e setee et ettt e e et e e sbe e e sabeeeesaeeeebeeesnnes 4
1.3.7.1  SOftWAIrE SAfELY ......veeii i 5
1.3.7.2 Software Verification and Validation ............cccoovoiiiiiiiiiiiieiie e 5
1.3.7.3 Independent Verification and Validation ...........ccccceeviiiieiiiiiin s 5
1.3.7.4 Software Problem Reporting and Corrective ACtion..........coocveeeevieeeecviiennn, 5
S0 01 o | 1 PSR 5
14.1 Spacecraft ManagemMENL .........ccoiiiiiee e e e e e s nree e e 5
142 MECNANICAL ...ttt e e snree e 5
1.4.3 TREIMMAL ... e 5
1.4.4 Guidance, Navigation and Control (GN&C) ........cccveeeeiiiiiiee e 5
145 Command and Data Handling (C&DH).......cuevveiiiiiiie e 6
1451 CEDH HAMNESIES.....cci ittt e e snnn e e e 6
1.4.6 CommuNICaIONS (COMM) ..ociiiiiiie et e e e rae e 6
1.4.6.1 Space/Ground ComMMUNICALION. .......cuuuieieiieiie et ee e eiee e s e e e esrraeee e 6
1.4.6.2 Auxiliary COmMMUNICALION SEIVICES .....cccciiuiiieiiiiiie i e s eteree e esree e 6



Effective Date: (Date of last signature) 417-R-SCWBS-0060

Verson2.2

1.4.6.3 COMM HalIMNESIES....ccciiueiieieeiiieea ettt ee et e e e e ire e e ssebe e e e s snee e e s e asneeeassanneneaeaans 6
14.7 POWVET ...t e e e s e e e e e e e as 6
O R = - 1= YR TSR 6
O S o - g N - Y TSP 6
1.4.7.3 Power Regulation and ConditiONiNg .........cceeeiuueeeiieeeniiee e seee e 7
1474 POWEN HBIMESSES ... ..ottt e e e e s e e e e e e e ens 7
1.4.8 PIOPUISION......ce ettt et ab e s be e e enbe e e enneeeen 7
1.4.9 FIIGt SOftWEAIE ...t 7
1400  MAGNELOMEBLEL ......oeiiiiiiieeeiieee ettt e e e et e e e e et e e e s sae e e e e e e aseeeeeaanneeeesaneeeaeannnsnneeans 7
1.5  Ground Support EQUIPMENt (GSE)........cuuiiiiiieiiiie ettt 7
151 MechaniCal GSE (MGSE) ........oocuiiiiiiieiiie ettt e 7
152 Electrical GSE (EGSE) .....cccuviiiiiiiiiiei ettt 7
153 GSE and SIMUIEtor SOfIWAIE.........uvieiiiie e 7
154 SHMUIBLOTS. ...ttt ettt st s e e st e e st e e s nba e e snbe e e s snneeennes 7
1.6  Integration @and TeSt (I&T) cuueiie i e e e e ear e 8
16.1 SPACECTAT I & T . it e e e e e e e e e e 8
1.6.2 I S |1 I SRR 8
1.6.21  SPECIAl TEIING....cuvvreeeiitiieeeciiiee e ettt e e s e st e e e e et e e e e abre e e e e sbbeeeesaneaeeeeanssneaeanns 8
1.6.22 ENA-tO-ENd (ETE) TERING.....cuvieiiiiiiie ettt e e nrea e 8
1.6.3 Trangportation and HandliNng .........cuueeeoiiiiee e 8
1.6.4 R (0] =0 =P PRRPRR 8
1.7  LaunCh and OPErationS..........ccceiiiuiieeeiiieiie ittt e es et e e e e st e e s sb e e e e saee e e e asreeaeesnnaees 8
171 Satellite/Launch VehiCle I& T ..o 8
1.7.2 FIIGNt OPEIaioNS ......ccciiiiieie ettt e et e s e nre e e e e eanes 8
1.7.3 OPEratioNS TTAINING ....veeeeeiiieeeeiiiie e et ee e e e e e s e e e s e e essrre e e s e sraeaseassreeeaeans 8
174 SIMUIBEOr MaINTENANCE ......eeiieiii ettt 8
1.8  POSt ACCEPLANCE SUPPOM ...uvviieeerieee i eeittiieeeeee s e s ssbrerreee s e e s s ssssssreaeeeessesssssssanseeeaeeesansnns 9
1.9  SpeCial STUAIES & TaASKS.....cuiiiiiiiiiie sttt e e e e e b e e e anree s 9
1.10 Education & PUbliC OULIEACH..........cuuiiiiiii i 9
2.0 SPACECTAMT H2.....eeee et e e e e aar e e nras 9
2.1 Program ManagQemeNt.........ceeoiiiiiiiieiiieie e eseesiiereeee s e e s s e sssasirrr e e e s e e s s s sasb e e aae e e e nnraee s 9
211 Program Management OffiCe ........coiiuiiiiiiiiie e 9
2.12 RESOUICE ManaQEMENL ........uviieiiiee e et ree e e s e e e r e e e e s e e ssarrreeeeeas 9
2.1.2.1 Configuration and Information Management ............cccoecvveeeeiiiiieeeeeccieeee e 9
2.1.2.2 Information Technology Management............cccceeiiieeeeiiiieee e 10
2.1.3 RISK MaANAGEMENL .....ooiiiiiiiee ettt et e e e et e e e e e e e e s e nnraeeeens 10
214 Government ReSIAENt OffiCe........ocuiiiiiiiiiie e 10
2.15 Program COmMMUNICELION ........cuueeieiiieiieeciiiee e s eiee e siae e e e s e e essree e e e e snreeeeeans 10
2.1.6 DESIGN REVIEBWS ...ttt e s e e e s s r e e e e s nsaaeeeeeans 10
217 MiISCEllANEOUS REVIEWS.........eeeeiiiii ettt 10
2.1.8 REVIBW SUDPOI ...ttt e e e e et e e e e s e e e e e e e snraeeeens 11
2.2  SystemSENGINEENNG (SE) .oooiiiiiiii ettt 11
2.2.1 Systems Engineering Management...........ccooiieeeeiiiieeeeiiieiee e ssieee e ssiree e 11
2.2.2 Systems ENginNeering SUPPOI..........coueiiiiiieii e ccie et e st e e s e e 11
2.2.3 System Designs, AnalysiSand TradeS........cueevveiiieeeeiisiiee e 11
224 Requirements and Specification Generation ............cccocvveeeeiviieeescciieee e 11



Effective Date: (Date of last signature) 417-R-SCWBS-0060

Verson2.2

225 Performance Verification Plans and ProCedures..........couveeveeeiieeeenieeeiieee e, 11
2.2.6 Interface Definition and CONIOl...........cccueeiiiiiiiiee e 12
2.2.6.1  INSrument INEEITACES. .....cooiuiii et 12
2.2.6.2  Ground INEEITACES. ........ueiiieieeie ettt ae e 12
2.2.6.3 Launch Vehicle INterfaces. ... 12
2.2.7 (©0 g1 r=0 0110 { (0] SRR TR 12
2.3 Safety & Mission ASSUraNCe (SE&MA) ...eeeii it 12
231 S 1 PRSPPI 12
2.3.2 [ S 011 (0] SRR 12
2.33 Materials and Processes CONLIOl.........cooiueieiieiiiiiee e 12
2.34 REITADIHITY ... et 12
2.35 QUALILY ASSUIAINCE. ... ..ueieeiiiiiee e ettt e e s eetae e e e et e e e s st e e e e e et e e e st e e e e s srreeeeeanraeeeas 12
2.3.6 SOFftWAIE ASSUIEINCE. ......ceeeiiiiie e ittt e e et e et e e e e et e e e s s e e e s e et e e e e s sba e e e e s e nnraeeas 13
2.3.6.1  SOMWAIE SAFELY .......ccuveii i 13
2.3.6.2 Software Vaidation and VerifiCation ...........cccceeveiiiiiiei i 13
2.3.6.3 Independent Validation and Verification ............ccccveeeeiiiieeeciciiiee e 13
2.3.6.4 Software Problem Reporting and Corrective ACtion .........cccoevvcveeeeeiiieeeeeene, 13
S 0= o< o - | U SPTSRR 13
24.1 Spacecraft ManagemMENL .........ccoiiiiiiei i 13
2.4.2 MECHANICEL ......eoiiiieii e e e st e e e e e e e e eareeeeanns 13
243 TREIMMAL ...t e e nnee e 13
244 Guidance, Navigation and Control (GN&C) ......ccccoviieeiiiiiiiee e 14
245 Command and Data Handling (C&DH)..........ooviiiiiiieiiiieec e 14
2451 CE&DH HAMESSES. ....oiiiiiiiiie ettt 14
2.4.6 CommUNICAIONS (COMM) ..o 14
2.4.6.1 Space/Ground COMMUNICELION. ......cccciiuiririiiiieie e ceciee e e 14
2.4.6.2 Auxiliary CommuniCation SEIVICES.........cieiiiiiieiiiiiieieceiieee e esrree e 14
2.4.6.3 COMM HaMESSES.....cctiiiitiie ettt tee ettt e sbe e st e st e s bee e sbe e e s eaneeenes 14
2.4.7 POV ...t e e 14
P R = - (= 0 USSR 14
o S o = g AN - Y R PRR 15
2.4.7.3 Power Regulation and ConditioNing ..........ccccvuveeeiiiiiieeeeiiiee e 15
2474  POWEE HAMESSES ....uviiiiiie i e iiiitiiieeee e e s s sssssaaeaee e e e s e s sssssareeeeaee s s s ssssraeseeaeeeseananes 15
2.4.8 PIOPUISION. ... .t e e e e e e e et e e e s abr e e e e senareeeeaans 15
249 It SOFtWAIE ... e e e 15
A O \V/ =0 | 0 11 U EPRP PRI 15
2.5  Ground Support EQUIPMENt (GSE).......ccoiiiiiieiiciie et 15
251 Mechanical GSE (MGSE) ......ccoiuiiiiiiiiiie et e 15
252 Electrical GSE (EGSE) ......oooiiiiiii ittt 15
253 GSE and SIMUIator SOftWEIE..........ceviiiiiieie e 15
254 ST 1001 = (0] 6RO 16
2.6  Integration and TESE (& T) .ueiiiiieeeeiieiie et e e e e e e e enreeeeans 16
2.6.1 SPACECTAIT I & T . i 16
2.6.2 SAEIITE T& T .. be e snee e 16
2.6.21  SPECIAl TERING...ciiiiiiiiiie ittt s s e e e e aabeae e s ennees 16
2.6.22 ENA-tO-End (ETE) TERNG. . eeiiiiiiieeieiiiiie e ciitiie st sree e s e e anree e 16



Effective Date: (Date of last signature) 417-R-SCWBS-0060

Verson2.2

2.6.3 Transportation and HandliNg ..........cueeeiiiiiiiiiie e 16
264 RS o =0 [ PO P P PTP PP PPPR 16

2.7 Launch and OPErationS..........c.ceeiieririeeeiieeerieeesiee st e et e s s ssee e sneeesnneeas 16
2.7.1 Satellite/Launch VehiCle I& T . ... 16
2.7.2 [ [To | @] 0l = {T0] SRR 16
2.7.3 OPErationNS TrAINING ......ceeiieeeiieeeeieeesteeeeee e e sseee s sseeessseeeesseeesbeessseessnnseeens 16
274 SIMUIBEOr MaANTENAINCE .......eeiiiiieiie ettt etee st e et sbe e e saee e enneeeen 16

2.8  POSt ACCEPLANCE SUPPOIT .....eeeeeeeieeeieeatte e e e etee e e e siee e e s ssseeeeeaanreeesenneeeeasansnneeeaans 17
2.9  Special STUAIES & TASKS.....ciiiiiiiiiieiiiee e eieeesiee et e st e st e e bt e s e sae e e sneeesneeesnneas 17
2.10 Education & PUblic OULIEaCN.........coouiiiiiee e 17

O O 0T o = |1 A F PSR 18
O S o= o o - | B ST RRR 18
Lo O = =SSR PRSPERRR 18
5.1  SparePartsand Material ............coooiiiiiiiiiiiiiic e 18
5.2  Spare Assemblies/SUbassembIi€s. .......coooiiiiie e 18
521 MECHhANICAl SPAIES .....occ et e e et e e sae e e e e snreeaeeans 18
5.2.2 THErmMal SPArES.......ccciiiiiie e e e e e e 19
5.2.3 GINEC SPAMNES....eiie ettt ettt e et e e e nnee e snbe e e e nneeeanes 19
5.24 CEDH SPAIES......eeiiiiiie ittt ettt e sttt e e ra e e e be e e snre e e e nneeenae 19
5.25 COMM SPAIES......eeieiieeeeiiee ettt ettt et e st sb e e ssbe e e asee e e sbeeesnseeeanteesneeenan 19
5.2.6 POWES SPAIES ......eiieiiiii ettt s e e e e e e e s s e e e e e e e e nanrees 19
5.2.7 PrOPUISION SPAIES......cciiiiiiiie et iie ettt s s e et e e e e s ar e e e e e anreaeeaans 19
5.2.8 MagNEtOMELEr SPAIES..........ueiiiiiie i e e e e e e s e e e anrreees 19
Document Change Record (DCR) ........cveveeviivieeeeiiiiieee e Error! Bookmark not defined.



Effective Date: (Date of last signature) 417-R-SCWBS-0060
Verson2.2

1.0 Spacecraft #1

The Contractor will include within this WBS element at a minimum, all sub-elements to the level
described in this document. Thiswill assist the government in organizing, describing, and
reporting the design, analysis, fabrication, assembly, integration, testing, and operation of the
GOES-R satdllite.

The Contractor will organize and report design and analysis separately from fabrication,
assembly and test in separate WBS sub-elements.

The Contractor will organize and report non-recurring and recurring cost in separate WBS sub-
elements.

1.1 Program Management

1.1.1 Program Management Office

This element defines the business and administrative planning, organizing, directing,
coordinating, controlling, and approval processes used to accomplish overall program objectives,
which are not associated with specific hardware or software elements. This element includes
project reviews and documentation, non-project owned facilities, and project reserves. It
excludes costs associated with technical planning and management, and costs associated with
delivering specific engineering, hardware and software products.

1.1.11 Travel

This element defines the travel and travel related expenses required to perform the GOES-R
mission.

1.1.2 Resource Management

This element defines the program control and management systems that provide for Work-
Breakdown Structure (WBS) development, acquisition management, information technology
management, resource management, Earned-V alue Management (EVM), facilities,
environmental, logistics and schedule management.

1.1.2.1 Configuration Management

This element defines the control of performance, functional and physical characteristics over the
program and product life cycle. Configuration management is applied to requirements,
documentation, software and hardware. Hardware includes qualification hardware; engineering,
proto-flight, flight hardware; and ground support equipment.

1.1.2.2 Information Technology M anagement

This element defines the technical and management effortsto provided software and hardware
infrastructure support.

1.1.3 Risk Management

This element defines the continuous, iterative, and proactive process to manage risk and achieve
mission success. The process involves identifying, analyzing, planning, tracking, controlling,



Effective Date: (Date of last signature) 417-R-SCWBS-0060
Verson2.2

documenting, and communicating risks effectively. Risk is characterized by the combination of
the probability or likelihood that the program will experience an event and the consequences,
impact, or severity of the event, were it to occur.

1.1.4 Government Resident Office

This element defines the resources to provide access, office space, furniture, printers, copier(s),
facsimile machine(s), phones, and broadband access to the internet and contractor's intranet
through launch of the last spacecraft for NASA residents and Government visitors.

1.1.5 Program Communication

This element defines the technical preparation and administrative support for al program
reviews and joint meetings.

a) Kick-Off Meeting

b) Teleconferences

c) Project Management Reviews (PMR)

d) Technical Interchange Meetings (TIM)

1.1.6 Design Reviews

a) Systems Definition Review (SDR)

b) Subsystem Reviews

c) Subcontract Reviews

d) Preliminary Design Review (PDR)

e) Critical Design Review (CDR)

f) Design Modification Reviews

g) Pre-Environmental Review (PER)

h) Satellite Pre-Storage/Pre-Shipment Review (PSR)

1.1.7 Miscellaneous Reviews

The element defines the resources required for the following reviews:
a) Integrated Baseline Review (IBR)
b) Engineering Peer Reviews
c) Software Reviews including the Software Test Readiness Review and the Software
Qualification Review.
d) Test Reviews
e) Instrument Receiving Reviews

1.1.8 Review Support

The element defines the support to the Government for the following reviews:
a) Independent Review Team (IRT) reviews
b) Standing Review Board (SRB) reviews.
¢) Instrument design reviews.
d) Ground Segment design reviews.
€) Mission Operation Review (MOR).
f) Management Readiness Review (MRR)
g) Program System Integration Review (SIR)
h) Flight Readiness Review (FRR).
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i) Launch Readiness Review (LRR).

J) Flight Operations Review (FOR).

k) Operation Readiness Review (ORR).

[) Phase0/l, 11, 11l Safety Reviews at the Kennedy Space Center (KSC).

1.2 SystemsEngineering (SE)

Systems engineering is the technical and management efforts of directing and controlling an
integrated engineering effort for the project. This element includes the efforts to define the
spacecraft, conducting trade studies; the integrated planning and control of the technical program
efforts of design engineering, software engineering, system architecture development, and
integrated test planning, system requirements writing, configuration control, technical oversight,
control and monitoring of the technical program. Documentation Products include
mission/system requirements document (M SRD); interface control documents (ICDs); and
verification and validation (V&V) plan. Excludes any design engineering costs.

1.2.1 SystemsEngineering Management

This element isthe activities that directly manage all systems engineering efforts for each
spacecraft development.

1.2.2 SystemsEngineering Support

This element is the systems engineering to support the functional design and development of the
spacecraft and incorporation of the instruments.

1.2.3 System Designs, Analyses and Trades

This element is the system studies and trades and risk assessment to develop the design for the
Spacecraft.

1.2.4 Requirements and Specification Generation

This element is the activities that define, implement, and maintain a Systems Engineering
Reguirements Management System for managing, detailing, organizing, controlling, and linking
the spacecraft requirements.

1.25 Performance Verification Plans and Procedures

This element is the system performance verification program documenting the overall
verification plan, implementation, and result which provide traceability from system
requirements specification to launch and initial on-orbit capability. Thiswill also provide the
baseline for tracking on-orbit performance versus pre-launch capability.

1.2.6 Interface Definition and Control

1.2.6.1 Instrument Interfaces

This element is the systems analysis and engineering to define all aspects of the spacecraft-to-
instrument interfaces.
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1.2.6.2 Ground Interfaces

This element is the systems analyses and engineering to define all aspects of the space
communications interfaces.

1.2.6.3 Launch VehicleInterfaces

This element is the systems analyses and engineering to define all aspects of the spacecraft-to-
launch vehicle interface.

1.2.7 Contamination

This element is the resources to assure that appropriate contamination control is maintained
through all phases the development and of integration and test of the spacecraft.

1.3 Safety and Mission Assurance (S&MA)

This element is all resources to support the performance assurance and verification effort for the
spacecraft as documented in the GOES-R Spacecraft Mission Assurance Requirements
(SCMAR).

131 S&MA Management

This element is all resources to manage the performance assurance and verification effort for the
spacecraft as documented in the GOES-R Spacecraft Mission Assurance Requirements
(SCMAR).

132 Safety

This element is all resourcesto perform all work to comply with safety requirements for the
gpacecraft as documented in the SCMAR 417-R-SCMAR-0011 and AFSPCMAN 91-710.

1.3.3 PartsControl

This element is all resources to perform parts control for the spacecraft as defined in the
SCMAR.

1.3.4 Materialsand Processes Control

This element is all resources to comply with the Materials and Processes Control requirements
for the spacecraft as defined in the SCMAR.

135 Rdiability

This element is all resourcesto comply with the Reliability requirements for the spacecraft as
defined in the SCMAR.

1.3.6 Quality Assurance

This element is all resourcesto comply with the Quality Assurance requirements for the
gpacecraft as defined in the SCMAR.

1.3.7 Software Assurance

This element is all resourcesto comply with the Software Assurance requirements for the
spacecraft as defined in the NASA-STD-8739.8, Software Assurance Standard.
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1.3.7.1 Software Safety

This element is all resourcesto comply with the Software Safety requirements for the spacecraft
as defined in the NASA-STD-8719.13B; NASA Software Safety Technical Standard.

1.3.7.2 Software Verification and Validation

This element is all resources to implement a Software Verification and Validation (V& V)
program to ensure that software being developed or maintained satisfies functional, performance,
and other requirements at each stage of the development process, and that the final product meets
customer requirements.

1.3.7.3 Independent Verification and Validation
This element is all resources to support Independent Verification and Validation efforts.

1.3.7.4 Software Problem Reporting and Corrective Action

Thiselement isall resources for Software Problem Reporting and Corrective Action that
addresses reporting, analyzing and correcting software non-conformances and software test
failures reported in Software Problem Reports (SPR's) throughout the development lifecycle.

1.4 Spacecraft

The spacecraft bus is the platform for carrying payloads, instruments, and other mission-oriented
equipment in space to achieve the mission objectives. This element includes all design, analysis,
fabrication, assembly, test efforts required to deliver the spacecraft subsystems for integration
and test. This element does not include integration and test of the spacecraft bus, spacecraft, or
satellite.

1.4.1 Spacecraft Management

The Spacecraft Management element includes all resources related to systems engineering,
project management of the bus hardware and software. As stated above, this element does not
include integration and test with instruments, ground system, or launch vehicle.

1.4.2 Mechanical

The Mechanical subsystem is the bus structure and mechanisms. It includes all resources related
to the design, development, production, positioning, integration and test of the bus structure and
mechanical parts. Any structure and mechanism support equipment is also included.

1.4.3 Thermal

The Thermal subsystem isthe active and passive devices, and thermal support equipment. It
includes all resources related to the design, analysis, fabrication, assembly, and test of the active
and passive thermal components.

1.4.4 Guidance, Navigation and Control (GN& C)

The GN& C subsystem includes all orbit determination, orbit control, attitude determination and
attitude control functions. It includes all related GN& C flight hardware components and
propulsion interfaces; aswell any necessary GN& C support equipment. It includes all activities
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related to the design, development, production, integration, test, launch and on-orbit checkout of
the above components.

1.45 Command and Data Handling (C& DH)

The C&DH subsystem is command and telemetry electronics, Spacewire and GN& C support
equipment. It includes all resources related to the design, analysis, fabrication, assembly, and
test of the above components.

1451 C&DH Harnesses

This element is the harnesses, cables, and support equipment. It includes all resourcesrelated to
the design, analysis, fabrication, assembly, and test of the above components.

146 Communications (COMM)

1.4.6.1 Space/Ground Communication

The Communications subsystem is the, antennas, all active and passive Radio Frequency (RF)
components including but not limited to MMICs, filters, hybrids, attenuators and
communications support equipment. This includes the RF sections of the Telemetry, Tracking,
and Command (TT&C) subsystem. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

1.4.6.2 Auxiliary Communication Services

The Auxiliary Communication Services subsystem encompasses the structure, software, and
support equipment of the GOES Rebroadcast service (GRB) and the Unique Payload Services.
The Unique Payload Services consist of Data Collection System (DCS), Low-Rate Information
Transfer (LRIT), Search-and-Rescue Satellite (SARSAT), and Emergency Managers Weather
Information Network (EMWIN). It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

1.46.3 COMM Harnesses

This element is the harnesses, cables, and support equipment. It includes all resourcesrelated to
the design, analysis, fabrication, assembly, and test of the above components.

1.4.7 Power

This subsystem isthe power generation, power conditioning, power sorage, harnesses, cables,
and electrical support equipment. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

14.7.1 Battery

This element is the power storage. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

1.4.7.2 Solar Array

This element isthe power generation. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.
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1.4.7.3 Power Regulation and Conditioning

This element is the power conditioning. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

1.4.7.4 Power Harnesses

This element is the power distribution including all harnesses, cables, and support equipment. It
includes all resources related to the design, analysis, fabrication, assembly, and test of the above
components.

1.4.8 Propulsion

This subsystem isthe tanks, plumbing, thrusters, propellants, and propulsion support equipment.
It includes all activities related to the design, development, production, integration, test, launch
and on-orbit checkout of the above components.

1.4.9 Flight Software

The Flight Software subsystem for the Bus subsystem encompasses the flight software for
components of the bus, to include the Thermal, GN& C, C&DH, Communications, Electrical,
Magnetometer, and Propulsion elements. The primary activities for the Flight Software element
are systems engineering, software project management, algorithm development, and subsystem
integration and test. The activities of requirements analysis, design, coding and unit testing, and
unit integration and testing are also included.

1.4.10 Magnetometer

The Magnetometer instrument (subsystem) encompasses the magnetometer sensor, structure,
mechanisms, and magnetometer support equipment. It includes all resources related to the
design, analysis, fabrication, assembly, and test of the above components.

1.5 Ground Support Equipment (GSE)

This element includes the resources all GSE required to assemble, integrate, and test the
Spacecraft.

15.1 Mechanical GSE (M GSE)
This element includes the resources required to provide MGSE.

15.2 Electrical GSE (EGSE)
This element includes the resources required to provide EGSE.

1.5.3 GSE and Simulator Software
This element includes the resources required to provide non-flight software.

154 Simulators
This element includes the resources required to provide spacecraft simulators.
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1.6 Integrationand Test (I1&T)

This element includes the resources required to perform the integration and test of the spacecraft
bus, payloads, and instruments to form the satellite, transportation, handling, shipment and
storage through delivery of the satellite.

1.6.1 Spacecraft I&T

This element includes the resources required to perform the integration and test of the spacecraft
subsystems including the COMM and the magnetometer payloads onto the spacecraft bus.

1.6.2 Satellitel&T

This element includes the resources required to perform the integration and test of the GFP
instruments onto the spacecraft.

1.6.2.1 Special Testing
This element includes the resources required to perform Special Testing.

1.6.2.2 End-to-End (ETE) Testing
This element includes the resources required to perform ETE Testing.

1.6.3 Transportation and Handling
This element includes the resources required to perform transportation and handling

1.6.4 Storage

This element includes the resources required to provide storage of the spacecraft bus, spacecraft,
GFP instruments, and satellite.

1.7 Launch and Operations

This element includes the resources required after delivery and before acceptance of the satellite.
These resources include launch site processing, pre-launch/flight operations support, and
operations support through completion of satellite deployment and checkout.

1.7.1 Satellite/lLaunch Vehiclel&T

This element includes the resources required to perform integration of the satellite onto the
launch vehicle.

1.7.2 Flight Operations
This element includes the resources required to flight operations support.

1.7.3 Operations Training
This element includes the resources required to perform training for flight operations.

1.7.4 Simulator Maintenance
This element includes the resources required to perform training for flight simulator support.
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1.8 Pogt Acceptance Support

This element includes the resources required to perform sustaining engineering support of the
satellite after acceptance by the government.

19 Special Studies & Tasks

This element includes the resources required to perform special studies and tasks as directed by
the government.

1.10 Education & Public Outreach
This element includes the resources required to perform education and public outreach.

2.0 Spacecraft #2

The Contractor will include within this WBS element at a minimum, all sub-elements to the level
described in this document. Thiswill assist the government in organizing, describing, and
reporting the design, analysis, fabrication, assembly, integration, testing, and operation of the
GOES-R satellite.

The Contractor will organize and report design and analysis separately from fabrication,
assembly and test in separate WBS sub-elements.

The Contractor will organize and report non-recurring and recurring cost in separate WBS sub-
elements.

2.1 Program Management

2.1.1 Program Management Office

This element defines the business and administrative planning, organizing, directing,
coordinating, controlling, and approval processes used to accomplish overall program objectives,
which are not associated with specific hardware or software elements. This element includes
project reviews and documentation, non-project owned facilities, and project reserves. It
excludes costs associated with technical planning and management, and costs associated with
delivering specific engineering, hardware and software products.

2.1.2 Resource Management

This element defines the program control and management systems that provide for Work-
Breakdown Structure (WBS) development, acquisition management, information technology
management, resource management, Earned-V alue Management (EVM), facilities,
environmental, logistics and schedule management.

2.1.2.1 Configuration and Information M anagement

This element defines the control of performance, functional and physical characteristics over the
program and product life cycle. Configuration management is applied to requirements,
documentation, software and hardware. Hardware includes qualification hardware; engineering,
proto-flight, flight hardware; and ground support equipment.
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2.1.2.2 Information Technology M anagement

This element defines the technical and management efforts to provided software and hardware
infrastructure support.

2.1.3 Risk Management

This element defines the continuous, iterative, and proactive process to manage risk and achieve
mission success. The process involves identifying, analyzing, planning, tracking, controlling,
documenting, and communicating risks effectively. Risk is characterized by the combination of
the probability or likelihood that the program will experience an event and the consequences,
impact, or severity of the event, were it to occur.

2.1.4 Government Resident Office

This element defines the resources to provide access, office space, furniture, printers, copier(s),
facsimile machine(s), phones, and broadband access to the internet and contractor's intranet
through launch of the last spacecraft for NASA residents and Government visitors.

2.1.5 Program Communication

This element defines the technical preparation and administrative support for all program
reviews and joint meetings.

a) Kick-Off Meeting

b) Teleconferences

¢) Project Management Reviews (PMR)

d) Technical Interchange Meetings (TIM)

2.1.6 Design Reviews

a) Systems Definition Review (SDR)

b) Subsystem Reviews

c) Subcontract Reviews

d) Preliminary Design Review (PDR)

e) Critical Design Review (CDR)

f) Design Modification Reviews

g) Pre-Environmental Review (PER)

h) Satellite Pre-Storage/Pre-Shipment Review (PSR)

2.1.7 Miscealaneous Reviews

The element defines the resources required for the following reviews:
a) Integrated Baseline Review (IBR)
b) Engineering Peer Reviews
c) Software Reviews including the Software Test Readiness Review and the Software
Qualification Review.
d) Test Reviews
e) Instrument Receiving Reviews

10
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2.1.8 Review Support

The element defines the support to the Government for the following reviews:
m) Independent Review Team (IRT) reviews
n) Standing Review Board (SRB) reviews.
0) Instrument design reviews.
p) Ground Segment design reviews.
g) Mission Operation Review (MOR).
r) Management Readiness Review (MRR)
S) Program System Integration Review (SIR)
t) Flight Readiness Review (FRR).
u) Launch Readiness Review (LRR).
v) Flight Operations Review (FOR).
w) Operation Readiness Review (ORR).
x) PhaseO/l, I1, 11l Safety Reviews at the Kennedy Space Center (KSC).

2.2 SystemsEngineering (SE)

Systems engineering is the technical and management efforts of directing and controlling an
integrated engineering effort for the project. This element includes the effortsto define the
spacecraft, conducting trade studies; the integrated planning and control of the technical program
efforts of design engineering, software engineering, system architecture development, and
integrated test planning, system requirements writing, configuration control, technical oversight,
control and monitoring of the technical program. Documentation Products include
mission/system requirements document (M SRD); interface control documents (ICDs); and
verification and validation (V&V) plan. Excludes any design engineering costs.

2.2.1 SystemsEngineering Management

This element isthe activities that directly manage all systems engineering efforts for each
spacecraft development.

2.2.2 SystemsEngineering Support

This element is the systems engineering to support the functional design and development of the
gpacecraft and incorporation of the instruments.

2.2.3 System Designs, Analysisand Trades

This element is the system studies and trades and risk assessment to develop the design for the
Spacecraft.

2.2.4 Requirements and Specification Generation

This element is the activities that define, implement, and maintain a Systems Engineering
Requirements Management System for managing, detailing, organizing, controlling, and linking
the spacecraft requirements.

2.25 Performance Verification Plans and Procedures

This element is the system performance verification program documenting the overall
verification plan, implementation, and result which provide traceability from system

11
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requirements specification to launch and initial on-orbit capability. Thiswill also provide the
baseline for tracking on-orbit performance versus pre-launch capability.

2.2.6 Interface Definition and Control

2.2.6.1 Instrument Interfaces

This element isthe systems analysis and engineering to define all aspects of the spacecraft-to-
instrument interfaces.

2.2.6.2 Ground Interfaces

This element is the systems analyses and engineering to define all aspects of the space
communications interfaces.

2.2.6.3 Launch VehicleInterfaces

This element is the systems analyses and engineering to define all aspects of the spacecraft-to-
launch vehicle interface.

2.2.7 Contamination

This element is the resources to assure that appropriate contamination control is maintained
through all phases the development and of integration and test of the spacecraft.

2.3 Safety & Mission Assurance (S&MA)

This element is all resources to support the performance assurance and verification effort for the
spacecraft as documented in the GOES-R Spacecraft Mission Assurance Requirements
(SCMAR).

231 Safety

This element isall resources to perform all work to comply with safety requirements for the
spacecraft as documented in the SCMAR 417-R-SCMAR-0011 and AFSPCMAN 91-710.

2.3.2 PartsControl

This element is all resources to perform parts control for the spacecraft as defined in the
SCMAR.

2.3.3 Materialsand Processes Control

This element is all resources to comply with the Materials and Processes Control requirements
for the spacecraft as defined in the SCMAR.

234 Rdiability

This element is all resourcesto comply with the Reliability requirements for the spacecraft as
defined in the SCMAR.

2.3.5 Quality Assurance

This element is all resourcesto comply with the Quality Assurance requirements for the
gpacecraft as defined in the SCMAR.

12
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2.3.6 Software Assurance

This element isall resources to comply with the Software Assurance requirements for the
spacecraft as defined in the NASA-STD-8739.8, Software Assurance Standard.

2.3.6.1 Software Safety

This element is all resourcesto comply with the Software Safety requirements for the spacecraft
as defined in the NASA-STD-8719.13B; NASA Software Safety Technical Standard.

2.3.6.2 Software Validation and Verification

This element is all resources to implement a Software Validation and Verification (V& V)
program to ensure that software being developed or maintained satisfies functional, performance,
and other requirements at each stage of the development process, and that the final product meets
customer requirements.

2.3.6.3 Independent Validation and Verification
This element is all resources to support Independent Validation and Verification efforts.

2.3.6.4 Software Problem Reporting and Corrective Action

This element isall resources for Software Problem Reporting and Corrective Action that
addresses reporting, analyzing and correcting software non-conformances and software test
failures reported in Software Problem Reports (SPR's) throughout the development lifecycle.

2.4 Spacecraft

The spacecraft bus is the platform for carrying payloads, instruments, and other mission-oriented
equipment in space to achieve the mission objectives. This element includes all design, analysis,
fabrication, assembly, test efforts required to deliver the spacecraft subsystems for integration
and test. This element does not include integration and test of the spacecraft bus, spacecraft, or
satellite.

2.4.1 Spacecraft Management

The Spacecraft Management element includes all resources related to systems engineering,
project management of the bus hardware and software. As stated above, this element does not
include integration and test with instruments, ground system, or launch vehicle.

2.4.2 Mechanical

The Mechanical subsystem is the bus structure and mechanisms. It includes all resources related
to the design, development, production, positioning, integration and test of the bus structure and
mechanical parts. Any structure and mechanism support equipment is also included.

243 Thermal

The Thermal subsystem isthe active and passive devices, and thermal support equipment. It
includes all resources related to the design, analysis, fabrication, assembly, and test of the active
and passive thermal components.

13
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2.4.4 Guidance, Navigation and Control (GN& C)

The GN& C subsystem includes all orbit determination, orbit control, attitude determination and
attitude control functions. It includes all related GN& C flight hardware components and
propulsion interfaces; as well any necessary GN& C support equipment. It includes all activities
related to the design, development, production, integration, test, launch and on-orbit checkout of
the above components.

245 Command and Data Handling (C& DH)

The C&DH subsystem is command and telemetry electronics, Spacewire and GN& C support
equipment. It includes all resources related to the design, analysis, fabrication, assembly, and
test of the above components.

2451 C&DH Harnesses

This element is the harnesses, cables, and support equipment. It includes all resources related to
the design, analysis, fabrication, assembly, and test of the above components.

246 Communications (COMM)

24.6.1 Space/Ground Communication

The Communications subsystem is the, antennas, all active and passive Radio Frequency (RF)
components including but not limited to MMICs, filters, hybrids, attenuators and
communications support equipment. This includes the RF sections of the Telemetry, Tracking,
and Command (TT&C) subsystem. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

2.4.6.2 Auxiliary Communication Services

The Auxiliary Communication Services subsystem encompasses the structure, software, and
support equipment of the GOES Rebroadcast service (GRB) and the Unique Payload Services.
The Unique Payload Services consist of Data Collection System (DCS), Low-Rate Information
Transfer (LRIT), Search-and-Rescue Satellite (SARSAT), and Emergency Managers Weather
Information Network (EMWIN). It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

24.6.3 COMM Harnesses

This element is the harnesses, cables, and support equipment. It includes all resourcesrelated to
the design, analysis, fabrication, assembly, and test of the above components.

247 Power

This subsystem isthe power generation, power conditioning, power sorage, harnesses, cables,
and electrical support equipment. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

24.7.1 Battery

This element is the power storage. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

14
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24.7.2 Solar Array

This element is the power generation. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

2.4.7.3 Power Regulation and Conditioning

This element is the power conditioning. It includes all resources related to the design, analysis,
fabrication, assembly, and test of the above components.

2.4.7.4 Power Harnesses

This element is the power distribution including all harnesses, cables, and support equipment. It
includes all resources related to the design, analysis, fabrication, assembly, and test of the above
components.

2.4.8 Propulsion

This subsystem isthe tanks, plumbing, thrusters, propellants, and propulsion support equipment.
It includes all activitiesrelated to the design, development, production, integration, test, launch
and on-orbit checkout of the above components.

249 Flight Software

The Flight Software subsystem for the Bus subsystem encompasses the flight software for
components of the bus, to include the Thermal, GN& C, C& DH, Communications, Electrical,
Magnetometer, and Propulsion elements. The primary activities for the Flight Software element
are systems engineering, software project management, algorithm development, and subsystem
integration and test. The activities of requirements analysis, design, coding and unit testing, and
unit integration and testing are also included.

2.4.10 Magnetometer

The Magnetometer instrument (subsystem) encompasses the magnetometer sensor, structure,
mechanisms, and magnetometer support equipment. It includes all resources related to the
design, analysis, fabrication, assembly, and test of the above components.

2.5 Ground Support Equipment (GSE)

This element includes the resources all GSE required to assemble, integrate, and test the
Spacecraft.

25.1 Mechanical GSE (MGSE)
This element includes the resources required to provide MGSE.

25.2 Electrical GSE (EGSE)
This element includes the resources required to provide EGSE.

253 GSE and Simulator Software
This element includes the resources required to provide non-flight software.
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254 Smulators
This element includes the resources required to provide spacecraft simulators.

2.6 Integrationand Test (1&T)

This element includes the resources required to perform the integration and test of the spacecraft
bus, instruments, payloads, launch vehicle, and ground system.

2.6.1 Spacecraft 1&T

This element includes the resources required to perform the integration and test of the spacecraft
subsystems including COMM and the magnetometer onto the spacecraft bus.

26.2 Satellitel&T

This element includes the resources required to perform the integration and test of the GFP
instruments onto the spacecraft.

2.6.2.1 Special Testing
This element includes the resources required to perform Special Testing.

2.6.2.2 End-to-End (ETE) Testing
This element includes the resources required to perform ETE Testing.

2.6.3 Transportation and Handling
This element includes the resources required to perform transportation and handling

2.6.4 Storage

This element includes the resources required to provide storage of the spacecraft bus, spacecraft,
GFP instruments, and satellite.

2.7 Launch and Operations

This element includes the resources required to perform launch site processing, pre-launch flight
operations support, and operations support through completion of satellite deployment and
checkout.

2.7.1 Satdllite/Launch Vehiclel & T

This element includes the resources required to perform integration of the satellite onto the
launch vehicle.

2.7.2 Flight Operations
This element includes the resources required to flight operations support.

2.7.3 OperationsTraining
This element includes the resources required to perform training for flight operations.

2.7.4 Simulator Maintenance
This element includes the resources required to perform training for flight simulator support.
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2.8 Post Acceptance Support

This element includes the resources required to perform sustaining engineering support of the
satellite after acceptance by the government.

2.9 Special Studies& Tasks

This element includes the resources required to perform special studies and tasks as directed by
the government.

2.10 Education & Public Outreach
This element includes the resources required to perform education and public outreach.

17
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3.0 Spacecraft #3

Once Option #1 is exercised, the Contractor will include within this WBS element a a minimum,
all sub-elementsto the level described in this document. Thiswill assist the government in
organizing, describing, and reporting the design, analysis, fabrication, assembly, integration,
testing, and operation of the GOES-R satellite.

The Contractor will organize and report design and analysis separately from fabrication,
assembly and test in separate WBS sub-elements.

The Contractor will organize and report non-recurring and recurring cost in separate WBS sub-
elements.

4.0 Spacecraft #4

Once Option #2 is exercised, the Contractor will include within this WBS element a a minimum,
all sub-elementsto the level described in this document. Thiswill assist the government in
organizing, describing, and reporting the design, analysis, fabrication, assembly, integration,
testing, and operation of the GOES-R satellite.

The Contractor will organize and report design and analysis separately from fabrication,
assembly and test in separate WBS sub-elements.

The Contractor will organize and report non-recurring and recurring cost in separate WBS sub-
elements.

5.0 Spares

The Contractor will include within this WBS element all spare parts and materials for Spacecraft
#1 and Spacecraft #2. The Contractor will include within this WBS element all parts and
materials for Spacecraft #3 and Spacecraft #4, when authorized to procure parts and material for
those spacecraft. Upon exercising the Option #1 for Spacecraft #3, the parts and materials for
required to build that spacecraft shall be moved, tracked, and reported in WBS element 3.0.
Upon exercising the Option #2 for Spacecraft #4, the parts and materials for required to build
that spacecraft shall be moved, tracked, and reported in WBS element 4.0. All resources for each
spacecraft will be organized, tracked, and reported in separate WBS sub-elements.

5.1 SparePartsand Material

This element includes spare parts and material including wire and connectorsto support two
Spacecraft.

5.2 Spare Assemblies/Subassemblies
This element includes fabrication, assembly and testing of assemblies and subassemblies.

5.2.1 Mechanical Spares
This element includes fabrication, assembly and testing of Mechanical Subsystem spares.
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5.2.2 Thermal Spares
This element includes fabrication, assembly and testing of Thermal Subsystem spares.

5.2.3 GN&C Spares
This element includes fabrication, assembly and testing of GN& C Subsystem spares.

5.24 C&DH Spares
This element includes fabrication, assembly and testing of C& DH Subsystem spares.

525 COMM Spares
This element includes fabrication, assembly and testing of COMM Subsystem spares.

5.2.6 Power Spares
This element includes fabrication, assembly and testing of Power Subsystem spares.

5.2.7 Propulsion Spares
This element includes fabrication, assembly and testing of Propulsion Subsystem spares.

5.2.8 Magnetometer Spares
This element includes fabrication, assembly and testing of Magnetometer Instrument spares.
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