M. Managementi Mission Schedule, Cost, and Programmatics

Executive Summary

We have shown in thistudy reportthat the New Worlds Observas compelling science,
technology that is implementable with modest developmant] is readyfor mission
development in the near terrAn outline of a preliminary projectplan is included in this

appendixkeepingthis neatterm implementation in mind. A summary of the costing exercises is

included. Our main costing efforts werencentrated oa facility-class baseline mission in the

manner of HST and JWST.

The team that coalesced arouhd Astrophysics Strategic Mission Concept StudsiMCS)
includes approximately 43 people aight institutions under the management of GSHC.
brought together a wide range of expertise in all the crucial areas to address this unique design

Table M-1: The NWO Study Team Organizations Showing
Responsibilities, Capabilities and Experience

Organizati NWO K ibilities Unique Capabilities | Relevant Experience
University of u Pl = Space Science u Pl for HST Cosmic Origins
Colorado = Sci Op i issi Spectrograph (COS)
= Science Team Development = Optical Design for Far Ultraviolet
= Optical Design Spectrographic Explorer (FUSE)
= Systems Analysis = Cassini, Gallileo
= EPO = MESSENGER
Gsl » Lead Scientist
NASA Goddard | = Science Team = Space Science = HST
Space Flight = Project Management Program = GLAST
Center » Missi Y g = JWST
Engineer = Space Flight = SWIFT
u Safety & Mission Mission = WMAP
Assurance Operations = SDO
» Space & Ground » Space Flight » EOS
Segment Manager Project = GOES
ission OF i = JDEM
Manager = Instrument Dev. | =« Many more
= Flight Dynamics and Management
» Instruments
u_Telescope
NASA Glenn = Propulsion Sy . A = NEXT Development
Research Propulsion Program
Center Technology Dev.
Northrop = Deployable Occulter » Large Scale » Chandra
Grumman Mission Design Deployable = TDRSS
Aerospace = Deputy Pl Space = EOS Aura/Aqua
Systems » Starshade Manager Structures = Classified Programs
= Launch System
Manager
i Team
Ball Aerospace | Spacecraft Bus » Spacecraft Buses | » Deep Impact
Trajectory and for Deep Space u Kepler
Alignment Control Missions = Chandra Aspect Camera
» Telescope Manager
= Payload Manager
»_Instruments
USNO = Alignment Sensor » Astrometry = Joint Milliarcsecond
u_Instr i Pathfinder Survey Mission
University u Science Team » Exoplanet = ESA ExoPlanet Roadmap
College of spectral Advisory Team
London modeling = Group coordinator for ExoPlanet
atmospheres
n Co-l for ExoPlanet obs on VLT-
Crires, IRTF, Spitzer, Hubble
= TPF-C, TPF-I/Darwin, SEE-
Coast Concepts Working
Groups; Co-l THESIS concept

continue with ESA and JAXA in particular.

and study problem

The NWO organizations are
shown in TableM-1. After delively
of the ASMCS in April, the team
will continue to work on refining the
concept, developing technology and
verification and validation plans, and

conducting research in our testbeds.

Particular attention will be given to
addressing the higher priority
techmology development and mission
risk items identified with the goal of
better understanding the technical
issues, through both modeling and
prototype hardware These efforts
will establish a more reliable
assessment of risk than could be
achieved duringour conceptstudy.
The PI, lead scientist, andeam
continue to work on furthering
collaborations, partnerships and
increasing the sciencecommunity
support for NWO, both domestilty
and internationdy. Discussions

For development and implementation of tRe/O facility-class mission we would expect the
management structure to follow a NASAt -d pwn 0 a p pr o ansidsiongohle aree
identified and delineated by the SciemMission DirectorateExoplanetProgram Gfice based on
community input from National Academies studies, such as this Decadal Survey, as well as other

advisory groups. Some or all of the individual instruments on NWO would be competed.

Industry partners would be competed for selection of othesion componentfor example, the
telescope, spacecraft, and starshade developments, with some mission elements developed in
house or managed by NASA Centers. The overall project management would be assigned to a

t

h e



NASA Center. A project scientist would agee the NWO science program with the science
working group and science teaRigure M1 shows the NWO organizational structure.

The schedule is presented in Figuré2MIf the mission were to start Phase A in March 2010,
NWO could be ready for launch idune 2018. The bulk of the expenditures would come
starting in FY2014 when (hopefully) JWST will be past the peak of its funding cycle.

In addition to the Executive Summarfjg appendix includes sections M.1 Organization and
Responsibilities, M.2 Decision Making,M.3 Study Team Capabilities and ExperiencM.4
Mission Systems Engineering, MR&Bsk Management anldWO Top Risks M.6 Management of
Reserves and MarginM.7 Management of Reserves and Margin,8WRroject Schedule, M.
Work Breakdown Structuré.10 Project ReviewsM.11 Acquisition Strategy, M.2 Examples
of NWO Team MembeFacilities, M.B Preliminary Project Pla@utline.

M.1 Organization and Responsibilities
Management Structure

For the proposed NWO facilitglass mission implementatiprwe would expect the
management structure to following a NASAt -d p wn 6 a p p r o anissiongedisearee t h e
identified and delineated by the ScieMdssion DirectorateExoplanetProgram Office based on
community input from National Academies studies, such as this Decadal Survey, as well as other
advisory groups. A proposed organization is shown in Figufie Bome or all of the individual
instruments on NWO would be coeted. Industry partners would be competed for selection of
other mission components, for example, the telescope, spacecraft, and starshade developments,
with some mission elements developeehause or managed by NASA Centers. The overall
project managenm¢ would be assigned to BIASA Center and would also coordinate
international participation. A project scientist would oversee the NWO science program with the
science working group and science team.

Science NWO et ational
\vﬂl‘kj.llg ........ Pr ':'j act [ 1 PTl naflona
Group Management eams
Team

Mission Systems

Engineering

Science Mission Ground Space Launch W Mhission
Operations I&T Segment Segment Vehicle Operations

Starshade W Telescope
Segment Segcment

Figure M-1. New Worlds Observer ProposedProject Organization




M.2 Decision Making

Decision making on the New Worlds project will be characterized by a-beaed
environment within a formal framework of contractual relationships, controlled SOWs and
interfaces, and clear lines of authorithe PM with concurrence from thgroject scientist (PS)
will have final authority for decisions that affecission goals, science requirements, EPO, and
deviations from the baseline project budget and schedule. Within those boundaries, the PM will
be responsible for dap-day decisions affecting 8ion implementation. TheM?, and all
managers, will hold weekly management teleconfergrared the full New Worlds management
team including the leads from all New Worlds partners will meet for a monthly status review.
Technical decisions will be coordited through the Systems Engineering Working Group
(SEWG) chaired by the mission systems engin&8g). The SEWG will include the lead
systems engineerSE9 at each of the New Worlds partner organizations, a delegate from the
science team. The SEWG witloordinate all trade studies, risk management, configuration
management , interface management , and a AToyg
configuration management office #te mission implemeirtig NASA Centerwill control all
New Worlds requirerents and interface documents. Level | requirements (mission goals, launch
date, etc.) will require approval at the NASA SMD level. Level Il requirements (science
requirements, tofevel budget, and schedule) will be controlled at Rnejectlevel, and Leel
lll requirements (derived engineering requirements, interface requirements, and subsystem
allocations) will be controlled by th®MSE. The project scientist and the science team will
establish the priorities among the exoplanet and general astrophygedives and the
operations team will use these priorities in scheduling the activities of the two spacecraft. The
exoplanet observations get high priority, but the general astrophysics get the bulk of the
observingtime >70%. The large field of regardna the lack of constraints due to the L2 orbit
mean that the general astrophysadgectives can be metven with the uncertainties in the
duration of the exoplanet observations.

Communication and Control

The NWO one team philosophy integrates all organizations involved in the development and
implementation of the NWO Mission. All managers from the PM down will encourage
communications among all team participants to be as open as possible, without vasting
contractual arrangements.  Thie M6 bi-weekly staff meetings will ensure efficient
communications of progress, decisions, issues, risks, and changes. Communications with the
element developers will occur through regular reporting methods, ad hocplanded
communication paths such as those described above, and regular and frecuitentisits, both
by managers and enginee@n-line databases will be kept by the Project. This includes a risk
list, a current list of open and retired risks, and ssues list, which lists all current open and
retired issues which are being tracked. The risk list will be managed as described in the risk
management section. The issue list will be managed through weekly Project staff meetings, and
will be kept by the Cofiguration Control Manager.

M.3 Study Team Capabilities and Experience

Our NWO team has been addressing the performance, feasibility, readiness, and affordability
of the external starshade concept. Our team, which has been developing this concept since 2004,



comprises the creator of the breakthrough concept (CU), two fuligtitning starshade
laboratory testbeds (CU & NGST), the leaders in large precision deployable structusS)(NG

t he |

eader s

n space

t el

escopes

and

nstrumen

space telescopes (GSFC). These institutions tHaveloped the New Worlds concept as a team
since its inception and bring a depth of direct experience to this study that is simply unavailable
outside the team. We have quantitatively assessed the mission and found it practical and
affordable for launchni the next decade. We now propose to take this study to next level and
make the full realities of the New Worlds concept available to the upcoming decadal review.
Table M-2 summarizes the responsibility, capabilities, and relevant experience of each
studyteammember organization.

Table M-2 The NWO Study Team Organizations Showing Responsibilities, Capabilities and Experience

Launch System
Manager
Science Team

Organization NWQ Responsibilities Unigue Gapabilities | Relevant Experience
University of = Pl = Space Science = Pl for HST Cosmic Crigins
Colorado n Science Operations Mission Spectrograph (COS)
= Science Team Development » Optical Design feor Far Ultraviclet
= Optical Design Spectrographic Explorer (FUSE)
= Systems Analysis » Cassini, Gallileo
» EPO » MESSENGER
GSl n Lead Scientist
NASA Goddard | = Science Team n Space Science » HET
Space Flight » Project Management Program » GLAST
Center s Mission Systems Management » JWST
Engineer » Space Flight » SWIFT
n Safety & Mission Mission » WMAP
Assurance Operations » SDO
n Space & Ground n Space Flight » EOS
Segment Manager Project » GOES
= Mission Operations Management » JDEM
Manager s Instrument Dev. » Many more
n Flight Dynamics and Management
n Instruments
n Telescope
NASA Glenn » Propulsion Systems » Advanced » NEXT Development
Research Propulsion Program
Center Technology Dev.
Northrop u Deployable Occulter » Large Scale » Chandra
Grumman Mission Design Deployable » TDRSS
Aerospace s Deputy PI Space » EOS Aura’Aqua
Systems s Starshade Manager Structures » Classified Programs

Ball Aerospace

Spacecraft Bus
Trajectory and
Alignment Control

» Spacecraft Buses
for Deep Space
Missions

» Deep Impact
» Kepler

Chandra Aspect Camera

n Telescope Manager

» Payload Manager

n_Instruments
USNO n Alignment Sensor n Astrometry » Joint Milliarcsecond

» Instrumentation Pathfinder Survey Mission

University » Science Team » Exoplanet » ESA ExoPlanet Roacdmap
College of spectral Advisory Team
London modeling » Group coordinator for ExoPlanet

atmospheres

Co-l for ExoPlanet obs on VLT-
Crires, IRTF, Spitzer, Hubble
TPF-C, TPF-I/Darwin, SEE-
Coast Concepts Working
Groups; Co-l THESIS concept

M.4 Mission Systems Engineering

Mission Systems Engineering (MSE) will be accomplished by an integrated team.of SEs
Overall activity will be managed and coordinated by ithplement tingNASA Centerproject
lead MSE who will ensure that mission elements are defined for function, performance, and
interface so they operate as a system to aptisimthe mission. The praje MSE will be the
systems technical warrant holder for the project and will have access to the NASA Independent



Technical Authoritythrough theNA S A C e Office of Msssion Success. ThRISE will
establish and maintaiop-level mission functional arctacture and physical architecture. These

will contain the performance levels and responsible partners that constitute the implementation
architecture.

The MSE controls the interfaces in these architectures. The MSE team will develop and
maintain all missin system documentation. A detailed ®ys Engineering Management Plan
(SEMP)will be baselined during Phase A. An automated system for requirements management
will be selected during Phase A. It will identify the specific test, analysis, inspection,esr oth
appropriate verification and validation metlsotthat ensure requirements are satisfied. This
system will be used by the MSfadteam throughout the mission life cycle.

The MSE team will perform integrated systems analyses and simulations that crosal phys
and institutional interfaces to perform systawel functions The MSE will be responsible for a
simulation of mission telemetry. This telemetry will be processed by a simulated ground system.
The resultant data products will be delivered to shence team for evaluation in meeting
mission objectives and requirements.

M.5 Safety and Mission Assurance

The Safety and Mission Assurance (SMA) functemsureshat NWO will be built to NASA
standards and tested to meet the mission requiremidrgsNWO assurance program approach
will be designed where the NWO project takes advantage of exisangexperts, processes and
procedures to implement a comprehensive and cohesive NWO Safety and Mission Assurance
(SMA) Program.

The integrated process, asirge implemented, will be consistent with pertinent NASA
standards and will be compliant to AS9180NWO Safety, Mission Assurance Plan will be
developed during Phase B to document the processes.

Elements of the NWO SMA program are system safety, rebgbduality, problem/failure
reporting, EEE parts selection, materials and processes, and software assurance.

The NWO Project will have ultimate responsibility for the entire SMA program. The
Systems Assurance Manager (SAM) is a key member of the PMpwger's staff and will
support NWO throughout all lifecycle phases including PhaseTlhe SAM will draw upon
parts, reliability and materials experts to assist in problem resolution, participate in reviews or
technical exchange meetings, and suppegections/audits.

M.6 Risk Managementand NWO Top Risks

The continuous risk management (CRM) process provides technical rigor and coordination
to minimize risk across the missiomhe NWO Project Office will implement a system of
continuous riskmanagement in accordance with NPG 8000.4 @adter guidelinesThe PM
owns the CRM plan and process. The Risk Management Board (RMB), chaired by the PM,
manages the Risk Program ensuring that risks identified for each element are properly addressed
and tacked, and that risk mitigation activities are scheduled and meet milestones. A central web
based risk management tool and database will track status of all program risks. The team has
already used early risk identification and mitigation (i.e., tall paecument) to effectively
influence mission and system designs with the goal of achieving a simple, straightforward
missionconceptwith robust margins.



The technology development needs of a program can be quantified in terms of risk. By

assessing thedbnical risk of starshades, and analyzing the most probable mode of failure, we

can chart a program towards mitigating these risks. The top 10 technical risks for starshades as
assessed for the NWO project are shown in Tabi{g. Nlhe risk level is shown ahgwith the
definitions for the likelihood and consequence scBle p| oy me nt
item. Our developmentoadmap will mitigate this risk and is described in detail in the
technology section of the study report.

Table M-3: New Worlds Observer Top Risks

Category

Starshade
Optical
Performance

#

Technical Risk

If the starshade simulation is inaccurate due to optical
complexity of the starshade, then on-orbit performance may be
significantly worse than predicted

Likelihd. Cons. Risk Leve

S

t he

(%)

If. due to higher fidelity analyses, the starshade requires more
perimeter control than can be accommodated in the current
design, then the starshade will have to be modified

20

If light scatters off the starshade due to inadequate membrane &
edge control. then it may overwhelm planet light

13

Starshade
Deployment and
Shape
Mamntenance

If the starshade does not deploy due to deployment design
complexity, then the mission 1s invalidated because we cannot
occult target stars

29

Lh

If the starshade deployed shape does not meet requirements due
to manufacturing errors, then its optical performance will
degrade significantly

If the starshade deployed shape does not meet requirements due
to launch or L2 environmental impacts, then its optical
performance will degrade significantly

If the starshade membrane loses opacity due to environmental
impacts of launch L2, then starlight mav leak and overwhelm
planet light

18

Trajectory and
Alignment
Control (TAC)

If the TAC does not have sufficient control authonity due to
complexities in the software algorithm, or operations, then
mission science return may be reduced or delayed

If. due to higher fidelity analyses, the TAC sensor requires better
performance than the current capabilities, then the TAC sensors
will have to be modified

¥}
[

10

If the thruster firing overwhelms the starshade ACS due to
starshade-spacecraft dynamic coupling, then the spacecraft may
zo out of control

20

star

[
<



5 Rating Likelihood of Risk Rating Consequence
4 3 5 =50% 5 =50% Loss
g 3 18 4 30% - E-D% 4 25%< Loss 5':]':5:"0
= . 3 10% - 30% 3 5%=Loss < 25%
g 2 21311074 2 1% -10% 2 0%< Loss < 5%
= 1 =1% 1 0% Loss
1T 2 3 4 5§

Consequence

The risks in Table MB include perceived risks, where insufficient information regarding the

system and state of the art capabilities leads to the perception of a technical challenge. Most of

these can be assessed via-mst ldoratory testsThe Technology section of this study report
outlines a series of laboratory tedfsat are immediately implementable and that can put to rest
many of these perceived techniazhallenges and allow us to determine if any of these

technologies needs further developméntaddition, a starshade technology white papeas
submitted to the Astrophysics Decadal Committee

M.7 Management of Reserves and Margin

Schedul

e, cost

and

techni
ensures that costs are controlled at Pmejectlevel. The implementing NASA Center would

c al

reveels This pracess wi | |

follow established policies for management of reserves and margins. If the implementing NASA
Center were GSFC, thehda Goddard Procedural Requirents (GPR) 7120.documers the
schedule margins and budget reserves requirements for formulating apilggatt at the
Goddard Space Flight Center (GSFC) and describes how those margins and reservbe are to

tracked during the Implementation Phasethe planning stages of a flight project, the following
schedule margins shall be uséadim Confirmation to delivery to Observatory Integration and
Test (I&T): 1 month per yearfrom start of I&T to shipment to launch site (or to planned

storage): 2 monthper yegrfrom delivery to launch site to launch: 1 week per moAththe

Center o6s

relative to the margins specified above (or to the margins agreed to with Headoatatters
Confirmation Review). If the schedule margins fall below the agtedelvels, the presentations

Mont hi

y

Status

Revi

e wWs

project

ma n ¢

shall include explanations as to the reasons for the shortfall as well as a description of any
activities initiatedto mitigate the trend-or budget eserves this GPR documentstize time of
Initial Confirmation (Key Decision PoirB [KPD-B]), flight projects should have hudget
reserves level of 30% or higher through Phase D. This is a goal, not a requirinieatime of
Confirmation (KDRC), flight projects shall have a budget reserves level of 25% or higher

through Phase D. Deviations from this level of budget reserves shall require concurrence of the
CenterManagemen€ouncil atthe Confirmation Readiness Reviewt the time of delivery to

! AStarshade Technology Developmeni , Astro2010 Technology Development White PapeBubmitted to:
Electromagnetic Observations from Sp&E©S) Primary Author: Amy S. LoNorthrop Grumman Corporation
Primary Co AuthorsWebster Cash University of ColoradpTupper Hyde, Goddard Space Flight Center
Ronald Polidan Northrop Grumman Corporatipififfany Glassman, Northrop Grumman Corporation

& the New Worlds Observer Study Team



the launch site, flight projects should have a budget reserves level of 1Bigher through

Phase D. This is a goal, not a requiremént. t he Center és Monthly St
managers shall present their budget reserves stafasive to the dvels specified above (or to

the levels agreed to with Headquarters at the Confirm&mrnew). If the budget reserves fall

below the agreetb levels, the presentations shall incledglanations as to the reasons for the
shortfall as well as a descripti of any activities initiated teonitigate the trendTechnical
reservesuch as mass, power and volume are managed by the mission systems engineer (MSE).
GSF® secommendations for technica@source margins by mission phase sttewn in Table

M-5. Allocations are established, and are continually monitored by the Project. While the MSE is
responsible, these resources are also monitored by the PM to determine if action is necessary to
keep within the required limits. Typically after selection of the ims&mts, telescope and
observatory contractors, a percentage of the project redeclasical, cost, schedufere
allocated to the developers. The exact amount will be tailored according to the specific risks for
each development during formulation (Phad®)AThese values are documented in interface
documents with the Projec.he NWO Project will follow these guidelines.

Table M-5. Technical Resource Margins _
All values are assumed to be at the end of the phase

Resource Pre-Phase A Phase A PhaseB PhaseC PhaseD PhaseE

Mass =30% >25% =20% =15%
Power (wrt EOL capacity) =30% =25% >=15% =15% >10%*
Propellant {1 s 3¢
Telemetrz\" and Command hardware ~25% ~20% ~15% ~10% 0
channels** 55 o = =
| Margin (in percent)= (Available Resource-Estimated Value of Resource)/Estimated Resource X 100 [—

*At launch there shall be 10% predicted power margm for nussion critical, cruise and safing operating modes as well as to
accommodate in-flight operational uncertainties.

** Telemetry and command hardware channels read data from hardware such as thermistors, heaters. switches, motors. efc.

**= The 3 sigma variation 1s due to the following: 1. Worst-case spacecraft mass properties 2. 3-sigma low launch

vehicle performance 3. 3-sigma low propulsion subsystem performance (thruster performance/alignment, propellant residuals) 4.
3-sigma flight dynamics errors and constraints 5. Thruster failure (applies only to smgle-fault-tolerant systems)

M.8 Project Schedule

The planned operational lifetime of the NWO mission is 5 years,gtrsijart in 2010, Phase
A duration of18 months, Phase &uration of24 months, 60 month development periodo t
spacecraft vendors building separate spaceanafiaralle] specialized test facilities fothe
starshadedevelopment, eparate launckiehiclesfor both spacecraftelescope launch June 2018
and the starshade launch February 2088), months of operations (i.eBhase Eprimary
mission) and 14.3 months of funded schedule reserve on the critical path.

Reviews will be conducted according the NASA Procedural Requirements (NPR)
document 7120.50 Section M.10 describes Project reviews in more detfailegrated
Independent Reviews$lIRs) and Critical Milestone Reviews ahe NWO project will be
conducted The IIRs are used to evaluatthe status of a flight project ahe mission system
level and at the major system element level (i.e., spacecraft, instrument(s), andsysiang.



lIRs are supported by projeconducted Engineering Peer Reviews (EPRs) which assess the
status of subystem or lower assembly levels. The results of the EPRs constitute a key input to
the IIRs. Milestones and key decision points (KDPs) consistent with NPR 7120.5D will be
implemented. The projectlevel reviews are shown on the mission schedule in Figugakid
include the mission definition review (MDR), system definition review (SDR), preliminary
design review/confirmation review (PDR/CR), critical design review (CDR), system integration
review (SIR), mission operations review (MOR), jerevironmental reew (PER), flight
operations review (FOR), pship review (PSR), launch readiness review (LRR)

The critical path lies along the telescope/payloads/spacecraft part of the scRagided
development includes two instruments needed for exoplanet ces@ahigh resolution camera
and spectrometer, along with two instruments for trajectory alignment and control, the
astrometricsensor assembly (on the starshaa®] shadow sensor assemfiy the telescope)

The general astrophysics instruments inclutiggb-throughput fatUV spectrometer, an integral

field spectrograph and a wideld camera/guider. The telescope and instrument development
and integration and te§l&T) are allocated 630 day$he telescope spacecraft development is
644 days. The telespe spacecraft integration and test is 263 days. The telescope spacecraft
launch and early orbit checkout is 21 days, and cruise to the L2 orbit and checkout is 66 days.
During this time general astrophysics observations can be conducted.

The starshadpayloads/spacecraft will be developed by a separate vendor from the
telescope/payloads/spacecraft but will be developed in parallel. The starshade instrument
development and 1&T is 611 days. Starshade development and testing is 654 days. The starshade
spaecraft development/testing is 644 days. Starshade spacecraft I&T is 407 days. Starshade
spacecraft launch/early orbit checkout is 21 days and the cruise to L2 orbit and checkout is 67
days. The starshade launch is approximately 8 months after the telksouge

The NWO schedule includes a total of 14.3 montfisschedule reserve along the critical
path, and exceeds the GSFC recommendations (GPR 7120.7) by about 3 months. There is 6.2
months of reserve on the critical path for the telescope and instrudeselopment and
integration and test, spacecraft bus assembly and test, and telescope spacecraft integration and
test, and preparation for launch. The starshade, payloads and spacecraft have 8.1 months of
reserve. The NWO budget includes funding fos fthedule reserve and is $150M.

The transition to normal operations is July 2019 with the mission operating five years.



—
anlasay

yijed [eanud
puaban

¥l

61/8¢/9

Z1d04

w0 OO &

Z1d¥sd Z1¥3d Z1d0n

[ R=[eE]

w1 OO 11uad

11¥sd

<O

L1 ¥on

OO O

IS ¥Aad ¥Oomdd

&

¥as

<O

Haw

61/8¢/9
6l1L2/C
61192/
61/9¢2/2
61/9/C
8LFLILL
8LILLIG
LHET/T
LUEL
S1/92/8

LHETIT
9l/rerel
/el
9lL/zefok

61/5¢/C
81/SZ/0)
8LIGC/L
81/92/9
81/52/9
81/G/9
8L/9¢/C
ghse/L
LUl
9lL/CLiel
SliL2/8

LUreiL
9L/eziLL
¥1/92/9
chle/g
€6T/e
clLisee

L L0E/E
L HOE/E

suoljeladg

uopejuaw|duw)

uole|nwio 4

v 9seyd

3

€Eclveclveclrecirvecivecilreclireclrveclveclrvecivectlveclvreclrect
9L AL

¥CAd ECAd  ZCAd LZAd

0CAd

am

6LAd  BLAd ZLAd

SLAd

d

FLAd  CLAd

C¢LAd

v

LLAd OLAd

19A19S(O SPIMOM MON

6LILIL

60/1/0L
61/8¢/C
6liLcfe
61/9¢/C
61/9/2
gLic/iL
8LILLIG
LlUivere
PAZ
Sl/Lc/8
rliecss

al/iercl
¥1/8c/9
9l/Lgiol
v1/9¢/9

81/9¢/01
81/9¢f.
8l/Le/9
81/9¢/9
81/5/9
8L/9¢c/e
8L/Gc/L
LUvelL
glicLielL
SliLem
v1/9¢/9

aleciLL
¥1/92/9
€L/
LL/0S/S
ZHOg/E
LL/ILES

60/1L/0L
60/1L/0L

suoneladO |BuION 0] UOHISUBL |
3 aseyd
pusuidoforoq WisisAS punoid
INOX08YD IO 3 3SINID YBI0A0BdS SPBYSIEIS
1940 AlieT/youne] Jeloaoeds apeysiels
Ye10a2eds apeysielS yaune
EINCEEH
yaunej Jo} uonesedald
anlesay
189] pue uonjeiSaju| Yeloaseds SpeysIEls
EINCEEH
159 pue A|qwassy sng
uoijealige sng apeys.ies
juswdojeAs(] YeI0a0edg apeysSIBIg
anlesay
funsa pue juawdolaAaq speysiels
anasay
18| pue juswdo|aas(] Juswinysu| apeys.lels
yeadooeds pue ‘speojfed ‘epeysiels
suoljeaasqQ solsAydo.lsy [elauss)
NC}23YD NGO B 3SINID Yesoadeds adovsaja
NGO ApET/youne] Yesaaoeds adoasa|a |
Jeldadeds adoosa|a] adeds yauneq
EIVELEH
yaunej Jo} uonesedald
anlesay
1581 pue uopelbajul yesssdeds adoiss|s |
anasay
1591 pue A|qwassy sng
Uoljealiqe 4 sng Yeloaoedg
juswdojarag Yyelasoeds adoassja|
anlasay
puE juawdoeaa juawniisu| pue adoosaje|
yeisaoeds pue ‘speojfed ‘edoasajef aseds
qJ aseyd
ubiseq [eu4
J @seyd
Juswdoarag ABojouyds |
ubisag Areuiwijaid
UoIIuLa] WRISAS
g @seyd
juswdolpnsq ABojouyda |
uoijiuyag uolssii
Y aseyd

sMmalaay Joaloud Jofepy

Schedule

ission

Figure M-2. New Worlds Observer Integrated Baseline M

1C



M.9 Work Breakdown Structure

Figure M3contains the WBS structure for the New Worlds Obsepaseline mission
The NWO structure follows the NASA NPR 7120.5D, Appendix G for Space Flight Project
Work Breakdown Structure.

Figure M-3. NWO WBS Structure

The WBS dictionary that will be deloped for the NWO Project will follow the guidelines
in NPR 7120.5D. Thetandard space flight projeéétBS dictionary is as followand was used as
the basis for developing the NWO WBS:

Space Flight Project Standard WBS Dictionary

Element 1 - Project Management: The business and administrative planning, organizing,
directing, coordinating, analyzing, controlling, and approval processes used to accomplish
overall project objectives, which are not associated with specific hardware or software elements.
This element includes project reviews and documentationsprmgact owned facilities, and

project reserves. It excludes costs associated with technical planning and management and costs
associated with delivering specific engineering, hardware and softnatacts.
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