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Image of Saturn based on near-infrared data |
from the Cassini spacecraft, which orbited
the planet for 13 years.
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Ice crust

Global Ocean on
Saturn’s Moon
. . ENCELADUS
Enceladus is the sixth-largest moon of

Saturn It is about 500 kilometers (310 miles)
in diameter, about a tenth of that of Saturn's
largest moon, Titan

Global ocean

Rocky core

South polar region
with active jets

* Thickness of layers is not to scale



Why CADRe?

New Future Concept

You Been Assigned To A Special Team

Objective: Programmatically Estimate a
New Robotic Mission to Enceladus

Descriptions
o Structure
« Thermal

* Electrical

CADRe key enabler
to estimate new

* G&NC Early Design i
 Propulsion Parameters missions
+ Comm . Mass
+ C&DH + Power
+ Software * New/Existing Tech Workfo

+ RTGs r

+ ConOps Ce LeV@IS

\S
N i
Enceladus ?\\S\‘

https://www.space.com/enceladus-orbilander-life-detection-planetary-
protection
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What Can | Get From CADRe?

* Part A (Word Document)

o Quick understanding of the project
o Changes that occurred between milestones during

development are documented
o Context on the complexity of the project

and new technology

e Part B (Excel Workbook)

o Spacecraft and Payload Technical Parameters including

detailed mass, power and many other parameters

o Software cost driving parameters & metrics
o Risk Class, Mission Cat, Design life, Contractor info, Heritage —

Ratings, Power modes

* Part C (Excel Workbook)

o Life Cycle, Cost Estimates
o Risk Posture, Risk Registers
o Summary and detailed level Schedule data

o Cost Assumptions, BOEs




Step 1:

Step 2:

Stepd.

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:

Step 11:

Step 12:

MNASA Cost Estimating Process

Receive Custamer Reguest
and Understand Project

Follows & Improves on Best Practices

GAD Cost Estimating Process

Build or

Define or Obtain the
Praoject Technical
Description

Define Estimate’s
Purpose

Develop

Define Program
Characteristics

Develop Gro
Assumptions

e
Estimating Structure

Select Cost Estimating
Methodalogy

Identify Ground
Rules and Assumptions

Select/Build
Cost Model/Tool

Obtain Data

Gather and
Normalize Data

Develop
The Cost
Estimate

Develop Point Estimate
and Compare it to an
Independent Cost Estimate

Conduct
Sensitivity
Analysis

Develop and Incorporate

Conduct Risk and

L INNX

the Cost Risk Uncertainty Analysis
Assessment
Document Dacument

the the

Cost Estimate Estimate
Present the Present

Cost Estimate Estimate to

Results Management Far Approval
Update the Cost Update Estimate
Estimate as to Reflect Actual
Required Costs and Changes

CADRe

Technical Baseline for Cost Analysis

* Establishment of realistic Technical Baseline is a very critical
part of the estimating process.

m). NASA  Cost Analysis Data Requirements (CADRe)
NASA Procedural Requirement (NPR) 7120.5F

=)« DOD Cost Analysis Requirements Description (CARD)

DoD 5000.4M

Intelligence DNI, NRO Intelligence Capability Baseline
Description (ICBD) ic Policy Guidance (ICPG) 105.1

Homeland Security  Cost Estimating Baseline
Document (CEBD) bHs Acquisition Instruction #102-02-001
= o

DOE Conceptual Design Report Dok Estimating Guide 413.3-2

Agencies use a Technical Baseline Document to perform Cost and Schedule
Analysis



CADRe Part A,B,C
Viewpoint from JWST CADRe




JWST LRD CADRe: Part A

Provides Descriptive Information

Spacecraft/Observatory Details
*  Structures *  MOS/GDS

System Description

R . t . Mechanisms . Science and Operations Center
equirements *  Deployment Control * Institutional Services
*  Science Requirements *  Propulsion +  Common Systems
*  System Overview *  Thermal

*  Project Category/Risk Classificati *  Thermal Control
*  Technical Approach *  Sunshield
*  Launch Vehicle Description *  Power

. Electrical

. Harness

. Avionics

. Telecom

. Attitude Control
. Software

*  Cruise
*  Operations
*  Decommission and Disposal

o _ - Significant Changes
Purge ' I—l Payload DEtaIIS (ISIM) Payload DEtaI|S (ISIM) i © Changes fromJWS%SDR to PDR
peend | «  Overview of Integrated Science Instrument *  Project Management +  Changes from PDR to CDR
Module * Management Structure *  Changes from CDR to SLR
* Integrated Science Module Design *  Partner Organizations *  Changes from SLR to SIR
e NIRCam *  Project System Engineering «  Changes from SIR to MPSR
«  NIRSpec *  Science Team Administrator Charles Bolden Reorganization
*  MIRI *  Mission Assurance letter November 10, 2010
«  FGS and NIRISS *  Safety (o )

*  Reliability and Probabilistic Risk
. Software Assurance

*  Technical Reserves

*  Design Verification
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JWST LRD CADRe PartB

Provides Technical Parameters

MISSI(fN KEY PARAMETERS i I § ==k B & =

System Level Parameters o e Spacecraft Parameters i
*  Mission Category e v " Top Level Parameters =
* Mission Class st s e + Structure Type : | —E
*  Design Life NG G ; . |*  Power Source type E T — f i
b AO or D|rected %ﬁl@mmhﬂ 660 : ° Solar Ce” Type ] < 2 ! Lo
«  Trajectory Class ﬁ ‘Egi‘:;ii‘;y Dmm *  Battery Type f
*  Orbital Periapsis . T *  Propulsion type et T
*  Orbital Apoapsis i s g i e +  Comm uplink/downlink type = = 3 L =E
«  Total Dry Mass S S ! b —iaa

Total Data Return 229 Gb) ::‘:";'l,"‘l LT ] ! u"x. n‘u;' ::
*  Total Data Return ol g i s swoss i e |
«  Launch Vehicle o et e %+ Mass (CBE) Mass (CBE + Cont)  smmses ; e ey s e

35:::‘}? 1%82 = *  AvgPower (CBE) Avg Power (CBE + Cont)

- Arione SECH, *  Peak Power (CBE) Peak Power (CBE + Cont)

.| INSTRUCTIONS | Mission & System Parms | Payload Parms | Spacecraft HW Parms

Software Parameters .

*  Application Environment .
*  Number of Requirements .

Payload Parameters

*  Top Level Parameters

*  Thermal Control System

*  Design Life

*  Remote Sensing or In-Situ

Development Methodology
Languages used C, C++, Javascript
SLOCs New, Modified, Reuse

il
=
ol
i

*  Mass (CBE) Mass (CBE + Cont)
*  Avg Power (CBE) Avg Power (CBE + Cont)
*  Peak Power (CBE) Peak Power (CBE + Cont)

» CUI | INSTRUCTIONS | Mission & System Parms | Payload Parms | Spacecraft HW Pal

il2|somennde e s
AR AR




JWST LRD CADRe: Part B

TRL Assessment Tracking—SRR thru final 1&T

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

-

TRL 9

TRL 8

TRL7T

Provides Technical Parameters

SRR/ | PDR |Mission
SDR | NAR | CDR
July-05 Eparzlcgé Apr-10 | Sept-10 |Apr-11| Apr-12 |May-13 | May-14| June-15|June-16/ Jun-18 | Jun-19 | Jun-20 | Jun-21

Critical Technologies -- developed by/for JWST
Primary Mirror Segment Assembly (Optical Telescope Assembly) 55 6 7 7 7 8 8 8 8 8 8 8 8 8
Sunshield Membrane Material Qualification 5 6 6 6 6 6 6 6 6 6 7 8 8 8
Near Infrared Detector Focal Plane Assembly (for NIRCam, NIRSpec, FGS, NIRISS) 55 6 8 8 8 8 8 8 8 8 8 8 8 8
Mid Infrared Detector Focal Plane Assembly (for MIRI) 55 6 8 8 8 8 8 8 8 8 8 8 8 8
Micro-shutter Array (for NIRSpec) 4 6 8 8 8 8 8 8 8 8 8 8 8 8
Cryocooler Subsystem  (for MIRI) 3 6 6 6 6 6 6 6 6 8 8 8 8 8
Large Precision Cryo Structures - Telescope Backplane (Optical Telescope Assembly) 4 6 6 6 6 6 6 7 8 8 8 8 8 8
Cryo ASIC (for NIRCam, NIRSpec, FGS, NIRISS) 5 6 8 8 8 8 8 8 8 8 8 8 8 8
Wavefront Sensing and Control Fine Phasing (Optical Telescope Assembly) 5 6 6 6 6 6 6 6 6 6 7 7 7 7
Heritage Technologies - use by JWST
Solar Array 5 5 6 6 6 6 6 6 6 8 8 8
Battery 7 8 8 8 8 8 8 8 8 8 8 8
Star Tracker 7 9 9 9 9 9 9 9 9 9 9 9
Scalable Inertial Reference Unit (SIRU) 9 9 9 9 9 9 9 9 9 9 9 9
Reaction Wheel Assembly (RWA) 8 8 8 8 8 8 8 8 8 8 8 8
Coarse Sun Sensor Assembly (CSSA) 9 9 9 9 9 9 9 9 9 9 9 9
Fine Sun Sensor Assembly (FSSA) N/A N/A 9 9 9 9 9 9 9 9 9 9
Ka-Band OQPSK Modulator 6 6 7 7 7 7 7 7 7 8 8 8
S-band Transponder 4 5 6 6 6 6 8 8 8 8 8 8
Ka-band High Gain Antenna N/A N/A 6 6 6 6 6 6 6 8 8 8
S-band Omni Antenna 9 9 9 9 9 9 9 9 9 9 9 9
S-band Medium Gain Antenna N/A N/A 9 9 9 9 9 9 9 9 9 9
Solid State Recorder 5 6 7 7 8 8 8 8 8 8 8 8
Monopropellant Rocket Engine (MRE) 9 9 9 9 9/6" | 9/6" 9/6* 9/6* a/6* 9/8* | 9/8* | 9/8*
Secondary Combustion Augmented Thruster (SCAT) 9 9 9 9 9 9 9 9 9 9 9 9
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JWST LRD CADRe: Part C

Provides Programmatic Parameters
Project Native WBS NASA WBS Mapping

o =

:#b-‘__-*-“‘“‘-—..-—— o

' Prodect WES & L

. . .
[ e
e e Risk Data (Residual Risks
Spemm € i %05
T —— =
e
==
=
0 ~— ~— ~— ~—
T L3 @  Thirty-one risks in the Project Database IResidual Risks at Launch I—\
- —J— . = NoRedRisk . 32 w |
e iy : = 8 Yelow Risks vz | 71 [0 - N
= 23Green =
®  Ofthese 6 are associated with observatory Single Point Failures (SPFs) 755 [ Asane $ Loch Ancnsios T
860 | NEA Release Devices - Mechanical Single Point Fadures (SPFs) 1
et e I 1
T W A N ) TN T T ) = — © Highest Risk: 17512 | Sunshieid WD SPF T
et et 5 . 720 | SSS Deployment Vesbiston o
L —— B — [ o u Highestrisk is LV-735 a technical risk = I
2 =z associalod with the risk of on 740 Raproqle ik i i S T sl prbmncs o
anomalous fairing separation on $11 Surahed Dloyment T
mission performance 587 | WSpoc Macnanam Faiis (5F5) o
745 | Loaks and Unplanned Venis in SCE Seas 1
. e 570 | Delacio SCA vl lcka singe pot 585 (4] ¥
o = 655 | Sumaild rmiane Stape Vansbens T
0 © Next Highest Risks: | e e T
B i — e
= ) sanciens IR B ... | e significant anomalies in architecture {716 | Fiv Steonng Miror ater Gontaminat ¥
.- performance as ientified by Code 300 / 'MIRI ICE.B Un.Verthed Faure T
. S amess viveBreas T
a Code 100 independent assessment. ¥
= SE-660 NEA Release Devices SPF | ch Lock (LL) post launch T
- Moderte Moderte TERGom GOM LED Gualfcaton T
: How B oo | teeseme | Mo = $S.512° Sunshield Membrane T Primany bevor Wavotun Lo s A ity T
L Release Device (MRD) SPF | Contamnaton impact 1 near-irared sty bt perarmance T
T6RCoi Shorl Wove Fad itorWodue  5ond Def A
= OBSI&T 720 SMSS Deployment I s 303 g o Lo Toque ooty (RVFET] T4
o | tow. | e Verification T indopendent Seconday itor Cryo Tesi Ly
e > o8It 741 688 WCam Module A1 Channel (NRCA1, Shortwave) Shield Short T A
s | e = OTE-663 Optical Telescope Element [[653 | Ahcroahuer Semivay o Accusts Lo TR
= =3 T e | e [ e [ SCESSTE (OTE) Non-Structural Single Point s} e
ey | st smso | o Failure (SPF) ltems. T or iclosure of data contained on (hispage b subject o he resticlons)om e e g of i docement
NIRCAM 692 = OTE-513 OTE SMA Actuator

IWST ORR-CFRR &




Part C Example
1 P NASA Standard WBS o swmcen

Systems Engineering

1.3 Safety and Mission Assurance L6454 Passive Devices 1648  Spacecraft Propuion 1.6.4.10.2 C&DH Systems Engineering
14 Science/'l'echnology : . 16481 Propulsion Management 164103 Processors
16.454.1 Radiator Panel/Fins i L 16.4.10.4 Solid State Memor
1.5 Payload(s) 16.45.4.2 Coatings 1'2':‘3'2 ?;‘;‘:{i ion Systems Engineering DU Y
151 Payload Management 164543 Heat Pipes 164831 Oxidizer Tanks 164105 Decoders
152 System Engineering 164544 Insulation 164822 Fuel Tanks 1.6.4.106 Command Units
o 1.6.45.4.5 Conductive Structures 1648323 Propellant Tanks 1.6.4.10.7 Telemetry Units
153 Payload Product Assurance 1.6.4.5.4.6 Heat Activated louvers 1.6.4.8.3.4 Pressurant Tanks 1.6.4.10.8 Command Sequencers
154 Instrument n 1.6.45.4.7 Sun Shields 16484 Plumbing 1.6.4.10.9 Timing Units
15.5 _Integration, Assembly Test & Check out 164548 Second Strface Mirrors L6485 - Manewering Thusters 1.6.4.10.10 Frequency Generators
[ 16  Flight System\ Spacecraft | 16485 - Thermal Subsystem |&T eanes i 16.4.10.11 Signal Conditioners
. 'g_ ¥S p - 1.6.4.6 Spacecraft Electrical Power & Distribution 164852 Monopropellant B g ;
1.6.1 Flight System Project Management 16.4.6.1 EPS Management 164853 Solar Electric 1.6.4.10.12 Data Switches
16.2 Flight System Systems Engineering 16.4.6.2 EPS Systems Engineering 1'2'3'3'2"5‘ :;é‘msmic 1641013 COMSEC
1.6.3 Flight System Product Assurance 16.4.6.3 Electrical Power Generation 164856 Electromagnetodynamic 16.4.10.14 Interface Units
1.6.4 Spacecraft 1.6.4.6.3.1 Solar Cells 16.4.857 Cold Gas 1.6.4.10.15 Tape Recorders
RS P 1.6.4.6.3.2 Nuclear Reactor 1.6.4.8.6 Translation Thrusters 1.6.4.10.16 Disk Recorders
16.4.1 Spacecraft Management_ ) 1.6.46.3.3 Radioisotope Thermionic Generator 1.6.4.8.6.1 Bipropellant 1.6.4.10.17 C&DH Subsystem I&T
1.6.4.2 Spacecraft Systems Engineering 164634 Chemical (Fuel Cells) 164862 Moropropellant 16411 Spacecraft Software ~
1.6.4.3 Spacecraft Product Assurance 164635 Aux Power Unit(s) 164863 Solar Electric 164113 CSCI Name 1
. 16.46.4 Electrical Power Conditioning 164864 fon D ame
1.6.4.4 Spacecraft Structures & Mechanisms Total 164641 Power Control Electronics 16.4865 Electrostatic _ 16.4.11.4 CSCI Name 2 .
16.4.4.1 Structures/Mech. Management 1.6.4.6.4.2 Power Conversion Electronics 122223 Elzzrgzmsgnetodwamuc 165  Entry/Descent/Lander .
1.6.4.4.2 Structures/Mech. Systems Engineering 16.4.6.4.3 Power D:ussi_pati_on Devices _ 16487 Solid Propeflant 1.6.6 Rover ) .
1.6.44.3 Primary Structures 164644 IPO‘”er ?'Stf'b“"o” Electronics 16488 Liquid Propellant 1.6.7 __ Spacecraft Retirement & Disposal
. 1.6.4.6.5 Electrical Power Storage i issi i
1.6.4.4.3.1 Load Carrying ShellTruss e o g 1?2?2 s;;:g:l;;)gi:l:zﬁi;gg 1.7 Mission Operations System (MOS)
inment Comnarments o 171 MOS Man n
16.4.4.3.2 Equipment Compartments 1.6.4.6.5.2 Charge Control Electronics 1.6.4.9.1 Telecom Management 172 Mgg s atagenée t. .
1.6.4.4.3.3 Booms 1.6.46.6 Harnesses & Cables 16492 Telecom Systems Engineering e oo ystems _ngmee“ng
16.4.43.4 Adapters 1.6.4.6.7 EPS Subsystem I&T 16493 Antennas 1.7.3  Mission Operations Center
..... p 1647 Spacecraft GN&C 1.6.49.3.1 Ormmnidirectional 174 Science/Data Operations Center
16444 Secon_dary Structures ) 164.7.1 GN&C Management 123325 i‘;‘r’z' 1.7.5  Data Distribution & Archival
164441 Equipment (Instrument) Mountings 16472 GN&C Systems Engineering 164934 Patch 176  Communications/Network Infrastructure
1.6.4.4.4.2 Ballast Mass 16.4.7.3 Attitude Determination 164935 Parabolic 177 Trainina
1.6.4.45 Mechanisms 122‘;2; E::gi:‘gs’") Sersors 16494 Waveguides/Routers 1.8  Launch Vehicle/Services
e lbado 1.6.494.1 Diplexers
16.445.1 Positioning : ;
16.4.7.33 Star Tracker/Sensors 1.6.4.9.4.2 Triplexers
16.44.5.2 Deployment and Storage Equipment 1.6.4.7.34 GPS Receivers 16.4.9.43 Multiplexers 46 ——GBS-Managemeni—
1.6.4.45.3 Docking Mechanisms 1.6.4.7.35 Imagers 16.4.9.4.4 Muhi(;uuplers 19.2 GDS Systems Engineering
16.4.4.6 Pyrotechnics 16.4.7.3.6 Magnetometers i-g-jg-j-g gﬁa;'a!nsxmhes 1.9.3  Mission Operations Center
D 16.4.7.3.7 Attmeters ~~~ Lo4%4 T Swiches 1.9.4  Science/Data Operations Center
1.6.4.4.7 Structures/Mech. Subsystem I&T : ] 16.49.4.7 Fiters /Data Op :
1645 Spacecraft Thermal Control 16.4.7.38 Inertial Reference Unit 164948 Wavegide 1.95  Data Distribution & Archival
.0.4. 16.4.7.39 Rate Gyros 16495 Radio Fre .
6.4.9. quency Equipment 1.95.1 Hardware
1.6.45.1 Thermal Management 16.4.7.3.10 Accelerometers 164951 Receivers
. 1952 Software
16.452 Thermal Systems Engineering 16.4.73.11 Bearings and Power Transfer Assembly 1.6.4.9.5.2 Transmitters 1953 oth
. - 16474 Attitude Control 164953 Transceivers I er
16453 Active DEYICES _ 164741 Reaction Wheels 164954 Transponders 196  Ground Stations
1.6.453.1 Cryogenic Devices 1.6.4.7.4.2 Momentum Wheels 164955 Modulators 1.9.7  Communications/Network Infrastructure
1.6.4.53.2 Liquid Loops 16.4.7.4.3 Control Moment Gyros 16.4.95.6 Demodulators 10 7ol GDS-togratioR-ETast
) 5 ) . 164957 Traveling Wave Tube Assembly (TWTA) .
1.6.45.3.3 Electric Cooling (Thermoelectric) 164744 Energy Storage Devices (Flywheels) L64958 Solid State Power Amplifers 1.10__System Integration, Assembly, Test & Check Out
. . 16.4.745 Magnetic Control Devices i 1.11 Education & Public Outreach
16.453.4 Electric Heaters Thermistors & Thermostats 164746 Spin Control Devices 164959 GPS Receivers .
1.6.45.35 Shutters 1l6l4-7A4‘7 Control Electronics 1649510 Downconverters
""""" 1649511 Upconverters 2.1 Reserves and Unfunded Future Expenses (UFE)

1.6.4.75 GN&C Subsystem 1&T 1.6.4.9.6 Telecom Subsystem I&T 14



New Horizons 2006

Galileo 1989

DAWN 2007

Cassini 1997

E— JEDI Instrument
JIRAM Instrument
JunoCam
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Importance of Part A’s

JUNO 2011

MRO 2005

Startdust 1999

Part A provides
documented Heritages

C&DH
Software

Fluxgate Magnetometer Mars Oddyssey 2001

Mission Ops SPITZER 2003

All Part A’s detail key Spacecraft Subsystems and
Payload (Instruments)
with documented heritage

Mars Observer 1992

Can view forwards and backwards in time
Predecessors and Successors




CADRe Execution
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When are CADRes Required?

Program | Formulation Implementation
Phases
A - - : KDP-E
KDP-A KDP BN KDP CX KDP DN \
Flight Projects | Pre-Phase A; Phase A: Phase B: Phase C: Phase D: Phase E: Phase E:
Life Cycle Concept Concept Fabrication, Operations & Dis osaI.
Phases Studies Development Preliminary Design Detailed Design Assembly & Test| Sustainment P
SRR/MDR PDR CDR SIR Launch EOM
Traditional
Waterfall
Development —
or Directed N/ CR /
Missions @ @ V® <A> @ @
Down
AO-Driven Select Sele¢t Step 2
Projects Stgp 1 @ \ cr /
; ‘PMSR’ <2> v<3> <A> <5> <6>
Legend
V Mission Decision Review @ CADRe updated to project CADRe provided to project
@ CADRe provided to project 30-45 days 60 days after CDR. @ approx. 90 days after launch
after KDP-B using SRR/MDR/PMSR using ‘as built’ mass and final
material development costs.

@ CADRe updated to project 30-45

days a_fter KDP-D using SIR Update Part C only at the End
material. of Planned Mission to capture
final MOS/GDS costs.

CADRe updated to project 30-45 days
@ after KDP-C using PDR material.

17
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CADRe Rhythm

Preparation for ]
P » SRR ——— Preparation for KDP  ——
Site Review

: DD#1  DD#2  DD#3 20-30 days 10 days
Review . . A A Q A
Team (SRB) Site Review cmc  Finalize
ICE/ISE L A cone
Prog Office N Completed
Assessment
v 60 days
cADRe —— O-O-O— .
(S|D) Same Data Develop CADRe, Parts A, B ,C all
used for all parts from documentation
these
activities
PM Reviews and
PE or PM > Signs Off

CADRe is prepared in parallel with review cycle

18
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CADRe Dependency On Projects

SID (CADRe) DEPENDENT

The final CADRe data is

e———— @ available via the ONCE
CADRe website to permissible

data parties.

The data is reviewed for
accuracy and completeness upon ONCE data
o—0

entry QA

import into the ONCE database.

The project program manager
reviews CADRe documents
and then provides signature
authorization confirming it’s
content.

PROJECT DEPENDENT

CADRe developers utilize data
provided by the project to
complete document templates.

*——0

The project provides SID
with all applicable source
files. These sources are
used to create the CADRes.

The foundation of all CADRes is
the project data collection
process. The quality of the

completed CADRes is reliant




CADRe Inputs and Outputs
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What Is Needed to Build a CADRe (Inputs)

Part B: Technical Data
Part A: Descriptive Information Master Equipment Lists (MEL)
Project Plan Power Equipment Lists (PEL)
Acquisition Plan Other Mass Property Reports
System Engineering Mgt Plan (SEMP) Software Metrics (Source Lines of Code or other)
Architecture Description Document Technical Performance Measures (TPMs)

Risk Mitigation Plan Documented TRLs and assumptions
Software Management Plan

Concept of Operations | .
Concept Study Proposal (if applicable) Part C: Programmatic Data

Milestone Briefing Packages (SRR, PDR, CDR etc) Project Life Cycle Cost Estimate LCCE (WBS, FY, Phase)

Subsystem Briefing Packages (SRR, PDR, CDR etc) Risk 5X5s and Risk Registers

Instrument Briefing Packages (SRR, PDR, CDR etc) WBS Dictionary : |
Mission Assurance Implementation Plan (MAIP) Schedules (Gantt Charts and IMS- MS Project Files)
Monthly Status Reports Work Force (FTEs and WYEs) and Prime Workforce if avail

Ground Rules and Assumptions

Amount of Documentation Varies with Project Size, Class, and Category



CADRe Sample of Analysis (Outputs)

Analogy Estimating

Cost Models

Sample Mars Missions
by Project Phases

Cost Estimating Relationships (CERs) Mass Growth | |CostGrowth | |Schedule Growth
AIM AIM AIM
- DAWN DAWN DAWN
° e DEEP IMPACT DEEP IMPACT DEEP IMPACT
Al GLAST GLAST GLAST
$1500.M Y ol GRAIL GRACE GRACE
' % Growth 1 /;\o“ - 1BEX GRAIL GRAIL
(of Mass, Schedule, Cost) ° ® ’,;@“ IRIS IBEX 1BEX
At Launch o ° JUNO IRIS IRIS
$1000.M 5 KEPLER JUNO JUNO
el ® LRO KEPLER KEPLER
-, ° MESSENGER LRO LRO
$500.M ® MRO MESSENGER MESSENGER
NEW HORIZONS | |MRO MRO
$0.M . — I . — . m B 0co NEW HORIZONS | |NEW HORIZONS
' Project SRR Contingency Index WISE oco oco
Phase A Phase B Phase C Phase D Phase E PHOENIX PHOENIX
WISE STEREQ
mMER ®MRO mMSL HEL

Joint Confidence Level Analysis

Milestone Metrics

Finish Date vs. Total Cost
Missile System Project (Correlation: 47.71 %) ‘ RISK UNCERTAINTY RANGES DERIVED FROM CADRE DATA POINTS |
$170,000-)
104% B3a% [11.4%]
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g ° ® °® % oo
z ° °
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626% 295ep 18 156%
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Finish Date

* Adjusted timeline from CADRe

SMEX MIDEX Discove SMEX SMEX ESSP MIDEX
NASA CADRe Aversge
e DR
KDP-B to PDR (months) 12 11 12 1 3 7 7 9.0
PDR to CDR (months) 10 13 10 25 9 11 5 117
CDR to SIR (months) 8 17 19 19 26 14 37 20.1
SIR to Launch (months) 17 13 11 11 19 18 11 143
KDP-B to Launch (months) 47 54 52 66 57 50 60 55.1




CADRe Policy Updates




NASA Initiates
Improvements
for Agency
Wide Cost and
Schedule
Estimating
Practices

2003 CAD Established
Early Concepts of
CADRe design
Early socialization of
CADRe to Centers and
JPL/APL

Office of the Chief Financial Officer

CADRe Policy History

CADRe a NASA requirement in 7120.5

A Journey to Inspire,
Innovate, and Dixcover

-]

NASA PLAN FOR IMPROVEMENT

NASA - - -
o Procedural

Requirements
cowrt

IN THE

NASA Program and Project Processes and qui GAO HIGH-RISK AREA

NASA Space Fight Program and Project Management

Responsible Office: Office of the Chief Engineer Raveln

OF
Responsible Office: Office of the Chief Engincer

CONTRACT MANAGEMENT

,,,,,,, NASA

DRAFT

Lack of Disciplined
Cost-Estimating
Processes Undermines
NASA’s Ability to
Effectively Manage Its
Programs o

7120.5D (2007) .. )

7120.5C (2005)

CADRe formally established

*  CADRe is NASA’s version of the
DoD CARD

*  For CAT | and CAT Il Projects

2007 GAO High Risk

Establishes KDP framework Corrective Action Plan
For CAT | and CAT Il Projects «  CADRe is NASA’s process to
Defines CADRe Parts A,B,C ensure more realistic cost

Defines Milestones for Delivery estimates. Collection and

dissemination of planned
and actual project
descriptions, technical
driver data, schedules, and
costs through the CADRe
document

2004 GAO and Aldridge

Commission Recommendations

* NASA needs to establish standard
LCCE framework

* NASA needs to maintain database of
historical cost information

* NASA needs to Include cost risk
analysis as part of LLC reviews

* NASA needs Independent cost
estimating activities

CADRe scope increased with each release of 7120.5

NASA Space Flight ¥ nd Py
Requireme l(l|dld w/Change 18)
Responsible Office: Office of the Chief Engineer

NID 7120.130, NASA Space Flight P
Management Requirements - Space
Standard Update

NID 712 1I
Require

7120.5E (2012)

Adds SIR (KDP-D) CADRe
CADRe details moved to PM
handbook

int Cost and Schedule Confidence Level (JCL)
|I|I|

Subject: NASA Space Flight Program and Project Management
Requirements

Respousible Office: Office of the Chief Engineer

COMPLIANCE IS MANDATORY

7120.5F (2021)

CADRe Req’d for all flight
projects regardless of CAT
or CLASS
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Rapid Evolution of 7120.5 Project Category Definitions

NPG 7120.5B
Effective Date: November 21, 2002
Expiration Date: March 21, 2007

No Mention of Project Categories

NPR 7120.5C
Effective Date: March 22, 2005
Expiration Date: March 22, 2010

Life Cycle Cost
Priority

i LCC < $100M $100M = LCC < $500M LCC = §500M
| High Category Il  Category | Category|
Moderate Category Il Category I Category |
| Low ! Category Il Category |l Category |l
NPR 7120.5D
Effective Date: November 20, 2006
Expiration Date: November 20, 2009
LCC = $1E, or use of
fiuclear power source, or
Priority Level LCC < § 2500 $o50M £ LCC = §1E human space flight
High Category 2 Category 2 Category 1
Medium Category 3 Category 2 Category 1
Low Category 3 Category 2 Category 1

Mote: The threshold walues in Table 2-1 are updated aremally as part of the Agency's strategic plarming guidatce.

Economic realities of inflationary growth over time

NPR 7120.5E

Effective Date: August 14, 2012
Expiration Date: November 20, 2017

LCC > $1B,
significant
radioactive
$250M <LCC=< material, or
Priority Level LCC < $250M $1B human space flight
High Category 2 Category 2 Category 1
Medium Category 3 Category 2 Category 1
Low Category 3 Category 2 Category 1
NPR 7120.5F
Effective Date: August 3, 2021
Expiration Date: August 3, 2026
LCC > $2B,
significant
radioactive
material, or
Priority $365SM <LCC < human space
Level LCC < $365M $2B flight
High Category 2 Category 2 Category 1
Medium Category 3 Category 2 Category 1
Low Category 3 Category 2 Category 1




Office of the Chief Financial Officer

CADRe Recent Progress




AWE SIR
DART LRD

Office

New CADRe 2022-2023

Completed CADRes

Deep Space Atomic Clock EOM

Dragonfly SRR
EPFD SRR

EMIT LRD
EscaPADE CDR
EZIE SRR, PDR
Europa Clipper SIR
FSS CDR

Gateway KPD-0
GLAST EOM

GLIDE PDR, CDR

GOES-T LRD
GPIM EOM
HST EOM
IMAP PDR
IXPE LRD
JPSS-2 SIR
Juno EOPM
JWST LRD
LCRD LRD
Libera PDR
LOFTID LRD
Lucy LRD
MEGANE CDR
ML-2 PDR

Orion SIR

PREFIRE CDR

PUNCH CDR
ROMAN-CGI SIR

SLS B1B post PDR
SPHEREx CDR

Space Weather FO- SRR
Space Weather FO - PDR
SunRise SIR

SWOT SIR

TRACERS PDR

TSIS-2 CDR

VIPER CDR

Blue= Sequential follow-on



AWE- Atmospheric Waves Experiment

CLARREO Path Finder -climate Absolute Radiance and
Refractivity Observatory

COSI -Compton Spectrometer and Imager
CYGNSS -Compton Spectrometer and Imager
DSAC - Deep Space Atomic Clock

DSOC- Deep Space Optical Communications (DSOC)

ECOSTRESS -ECOsystem Spaceborne Thermal Radiometer
Experiment on Space Station

EscaPADE -The Escape and Plasma Acceleration and Dynamics
Explorers

EZIE - Electrojet Zeeman Imaging Explorer

GUSTO - Galactic/Extragalactic ULDB Spectroscopic
Terahertz Observatory

GLIDE - Global Lyman-alpha Imagers of the Dynamic Exosphere
IRIS - Interface Region Imaging Spectrograph

Office of the Chief Financial Officer

CADRes for CAT Il CLASS D Missions

IXPE - Imaging X-ray Polarimetry Explorer
LCRD- Laser communications Relay Demonstration

LOFTID- Low-Earth Orbit Flight Test of an
Inflatable Decelerator

NEA Scout -Near Earth Asteroid (NEA) Scout
NICER -Neutron star Interior Composition Explorer
NUSTAR -Nuclear Spectroscopic Telescope Array

PREFIRE -Polar Radiant Energy in the Far Infrared
Experiment

PUNCH - polarimeter to Unify the Corona and Heliosphere
SUNRISE - sun Radio Interferometer Space Experiment
TRACERS - Transition Region and Coronal Explorer

TROPICS - Time-Resolved Observations of Precipitation
structure and storm Intensity with a Constellation of Smallsats

TSIS-2 Total Spectral Irradiance Sensor -2
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New Launch CADRes 2022-2023

2024 LRD CADRes

JUNG EOPN TEMPO, AWE, PACE, MEGANE,
leted Launch and EOM CADRes Europa, EZIE, XRISM



Development History

*  Optical Telescope Assembly (OTA),
*  Support Systems Module (SSM)

*  Payload five science instruments at a given time, plus the
Fine Guidance Sensors

CADRe captures additional data
o Challenger disaster, delays, and eventual launch in 1990
o Flawed mirror

o Equipment failures

Servicing Missions 1, 2, 3A, 3B, and 4 > . =iS & | ' -

Office of the Chief Financial Officer

Hubble Space Telescope CADRe

Cost, Schedule, Technical, and Risks

Hubble Missions

SM3B
Solar Arrays Q.

" Py
SM3A %/
j \y\b IM'deFlsOd Camera 3
Cosmic Orpns Spectrograph
v v Batteries

Communications

Computer Systems Modules
Electronics Boxes

Aperture Door

Shields

Pointing Control

# Wide Field and Planetary Camera 2
COSTAR
Gyros
Amays

High Gain Antenna (2)

1990 1993 1997 1999 2002 2009
Forward Shell
Secondary Mimror Baffle

Solar Array (2)
Apenura Door
Lrgh{ Shreld
Central Baffle
Primary Mirror and Main Ring
Axial Science lnstrumenl Melenng
Module (4) Jruss
A ‘
= Fine Guidance Sensor (3] 2
BN (ow Gain kL
" Antenna (?J \\

- ‘3),.‘\
"‘r 4 Support Systems Module

Equipment Section

= QOrigin of the problem
= Design of a solution

Telsscope Assembly
Equipment Section

\- Support Systems \- Radial Science

Module Aft Shroud Instrument Module (1)

=  @GQyroscope rotation sensors

®» |nstruments and electronics




CADRe with Updated Actual Launch Vehicle Costs

Launch Services Provider (LSP)

Launch Date Launch Location LV Type

July 30, 2020 Cape Canaveral, SLC-41 Atlas V 541

October 16, 2021 Cape Canaveral SLC-41 AtlasV 401 & 1\

August 12, 2018 Cape Canaveral, SLC-37 Delta IV Heavy

November 24, 2021 Vandenburg SLC- 4 SpaceX Falcon 9
IXPE December 9, 2021 Cape Canaveral SLC 39A SpaceX Falcon 9
L-9 September 27, 2021 Vandenburg SLC-3E 4 AtlasV 401 LF

Types of Services purchased varies by mission such as long range/down range telemetry.
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Incorporating EVM into CADRes

Eﬁ; Encore Analytics
| I—  — ] L L L L L L QAN
WBS NASAWES Element

[ Open Dataset x 28 10 System Noame
(All Contracts) WBS Dollars

ZZ-09-TDRS K CY09 OBS Hours

Z7-08-TDRS K Old IPT EQP 9,

ZZ-09-TESS MIT Labor

ZZ-10-TDRS K Material &

Z7-11-J-2X Clin 1 and 4 Subcontr ¥ 15,

[ (All Elements) ~ |

S 15,

| ok | Close on "OK"

Use of EMPOWER System

 Empower Administrators were able to rename all

historical project dataset names to begin with “ZZ”, « Includes Lower Level Contractor Costs (ACWP)
instead of using a separate database * Detector Subsystem
» Categorization of “ZZ” projects-for completed * Electrical Product
projects open to PP&C community * Optical Products
« CADRe collects ACWPs by WBS totals _I'\_’:‘ee‘;*::li;z'b':“;f::‘t:
* Flows into by expanding lower level WBSs at total . Fit and Non Fl‘i,ght Materials
level * Wire Harness and Cable
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Full Update of CATEGORY and CLASS for all CADRes

1 - - * | Program Name v | Cents | Mission Gl # | Mizzion Catega = =
7 | acE LRD ACE - LRD Heliophysics Explarer Program ARL [ CAT 3 =
3 | ACRIMSat EQM ACRIMSat - EOM Earth Systematic Missions JPL = CAT 5
4 KDP-F | ACRIMSat - KOP-F Earth Syztematic Missionz JPL = CAT 3 “s
S | alm SRR AN - SRR Heliophysics Explarer Program | G3FC = CAT 2 B
g FOR AlM - POR Heliophysics Explarer Program | G3FC = CAT 2
7 COR Alb - COR Haliophysics Explarer Program | G3FC = CAT 2
g LRD AIM - LRD Heliophysics Explarer Program | GEFC = CAT 2 .
3 | aqu LRD Aqua - LRD Earth Systematic Missions|  G3FC & CaT1 L CO m p I ete d reVI eW
0| Aquarius ERR Aquariuz - SRR Earth Sciencs JPL C CAT 2 :
1 POR Aquarius - POR Earth Science JpL = CAT 2 .
12 LRD Aquarius - LRD Earth Science JFL [ CAT 2 Of A I | 5 O O CA D R e S
13 ECM Aquariug - EGM Earth Science JPL [ CAT 2
1 | Aquila LRD Aquila |- LRD MonMAZA| ARG ] CAT 3
15 | AsTROEN LRD ASTROE Il - LRD Astraphysics Explorer | GSFC = CAT 3 ’ a n d u p d a te d
16 | ASTROH SRR ASTRO-H SRR Aatraphysics Explorer | GSFG = CAT 5 .
17 FOR ASTRO-H - POR Actrophysics Explersr | GSFC C CAT 3 . B
15 COR ASTRO-H - COR Astrophysics Explarer | GIFC C CAT 5 T C a te go ry a n d
13 Post3IF | ASTRO-H - LRD Aatraphysics Explorer | GSFG = CAT 5 .
20 | Aura ECOM Aura - EOR Earth pstematic Missions|  GIFC B CAT1
21 |awE SRR AWE - SRR Heliophysics Explarer Program | GEFC ] CAT 3 oo C | a S S a S N e C e S S a ry
22 FOR AWE - FOR Heliophysics Explarer Program | G3FC ] CAT 5
23 |BOPPE LRD EOPPS - LRD Eiallzon Planctary Sciencs|  &PL ] CAT 3 .
24 |ERRISON LRD ERRIZON - LAD Eialloon Planetary Sciencs|  APL ] CAT 3 : o
75 |cal LRD CAL - LRD International Space Station JPL ] CAT 3 : e
26 |caLpsn 3R CALIPSD - C5R Earth Syctem Science Pathfinder]|  LaR(G c| etz ;:mm : ) ° U d t b d
27 POR CALIPE0 - POR Earth Sprtem Science Pathfinder|  LaRC = CAT 2 - p a e a S e o n
28 COR CALIPS0 - COR Earth Spstem Science Pathfinder|  LaRiC = CAT 2 e o
29 LRD CALIPE0 - LRD Earth System Science Pathfinder| LR = CAT 2 f H H
30 | Cassini LRD Cazzini - LRD Outer Plancts Pragram JPL A CAT g ye a r O m I SS I O n to
3 EORA Cassini - EOM Outer Plancts Program JRL A CaT1 :
32 | CHIPSAT LRD CHIFSAT - LRD Astrophysics|  GEFC 1} CAT 3 e b e 1 ¢ o h CAT 1
33 | CLARRED PF 4SRR CLARREQ PF - Delta 8RR Earth Seience|  LaRC D|  CaTS : . . m a tC ra t I n g
34 POR CLARREC FF - POR Earth Science|  LaRC ] CAT 3 : ' : o
35 COR CLARFED FF - COR Earth Science|  LaRC o] cats 5 e H d d t t h
26 Clowi G| clewtsa-com Euth Syrtam S P PL o care == = providea a e
37 POR CloudSat - POR Earth Spstem Ecience Pathfinder JpL = CAT 2 el . e
35 COR CloudZat - COR Earth Spstem Ecience Pathfinder JPL [ CAT 2 t H
39 LRD Cloudiat - LRD Earth Syztam Faiencs Fathfindar JPL = CATZ I m e
40 |COBE EOM COBE - EOM Astrophysics Explorer | GEFC E CAT 2 it o
41 | conTOuR LRD CONTOUR - LRD Discavery|  APL E CAT 3 | lcon e
42 | CTYGNEE SRR CYGEHEE - SRR Earth System Fcience Fathfinder HE ] CAT 5 RIS
43 POR CVIGNEE - POR Earth Spstem Ecience Pathfinder HE ] CAT 3 o i o
dd COR CYGENEE - COR Earth Spstem Ecience Fathfinder Hi ] CAT 3 ERmry
45 3R CYGNEE - 3R Earth System Fcience Fathfinder HE ] CAT 5
46 LRD CYGEHEE - LRD Earth Syztem Fcisncs Pathfindar Hi ] CAT 3 i
47 | DART SRR DIART - SRR Astrophysicz|  APL ] CAT 2
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Updated Contractor Name and Contract Type

Mission ¥ |Long Name * |Program ¥ |Template Spacecraft Contractor ¥ |Contract Type * |Center ¥ |Contract Notes ¥ |Status * |Mission Dir.
ACE Advanced Compasition Explarer Heliophysics Explorer Progrg Unrnanned California Inst. of Tech Applied Physics Laboratory Comnpleted Post Launch ShiD
ACHIMSat ACHIFSat Earth Systernatic Missions  [Unrnanned Orbital ATH Jet Propulsion Laboratary Cornpleted Post Launch ShiD
AlkA Aeranarny of lee in the Mesosphere Heliophysics Explorer Progrg Unrnanned Harnpton Universiby Goddard Space Flight Cente Comnpleted Post Launch ShiD
Apolla CSk Apolla Cornrnand and Service Module Explarer Fanned Rackwell International and MNqCast Plus [CF) Johnzon Space Center Comnpleted Post Launch HEOMD
Apolla L Apolla Lunar Module Explarer Fanned Marthrop Grurnman Cost Plus [CF] Johnson Space Center Comnpleted Post Launch HEOkD
Aqua Aqua [Ph-1] Earth Systernatic Missions  [Unrnanned Marthrop Grurnman Cost Plus Award Fee [CPAF]|Goddard Space Flight Cente Cormnpleted Post Launch ShiD
Aquarius Aquarius Earth Science Unrnanned JPL Jet Prapulzion Laboratary Cornpleted Post Launch ShiD
Aguila Agquila, Mon-NASA Mo WASA Unrmnanned Millenium Space Cost Plus Award Fee [CPAF]|Other Cornpleted Post Launch ShAD
ASTHOE NI Suzaku [AS5TRO-E 1] Aztrophyzics Explorer Unrnanned Japanese Inst of Space & Asl Goddard Space Flight Centes Cornpleted Post Launch ShAD
ASTROH ASTROH Aztrophyzics Explorer Unrnanned G5FC Goddard Space Flight Centes Cornpleted Post Launch SkAD
Aura Aura [Chemn-1) Earth Susternatic Missionz  |Unmanned Morthrop Grurnmman Cost Plus Award Fee [CPAF]|Goddard Space Flight Centel Completed Post Launch SkAD
AWE Atrnozpheric waves Experimnent Heliophysics Explorer Progrd Unmanned G5FC Cost Plus Fixed Fee [CPFF) |Goddard Space Flight Centel Cornpleted Pre Launch ShdD
ECFPPS Ealloon CObgervation Platform For Planetary Sc|Balloon Planetary Science  |Unmanned APL Applied Physics Laboratory Completed Post Launch ShdD
ERRISON Elalloon Rapid Responze for 1508 Balloon Flanetary Science  |Unmanned APL Applied Physics Laboratory Completed Post Launch SkAD
CalL Cold Atom Laboratory International Space Station  [Unmanned JPL Jet Propulsion Laboratory Completed Post Launch ShiD
CALIPSO CALIPSO Earth Systern Science Pathfif Unrnanned Alcatel Alenia Space Langley Fesearch Center Cornpleted Post Launch ShiD
Cassini Cassini Outer Planets Prograrn Unrnanned JPL Cost Plus Fixed Fee [CPFF] |Jet Propulsion Laboratory | 1249887 Cassini Co-Investigal Completed Post Launch ShiD
CELS Cornpasites for Explaration Upper Stage Technology Dernanstration M Unrnanned MSFC Marshall Space Flight Center Built in-house Comnpleted Post Launch SThD
CHANDRA CHANDRA Physics of the Cosmo Unrnanned THW Cost Plus Award Fee [CPAF]|Marshall Space Flight Cente Schedule DMLY ShiD
CHIFSAT CHIFSAT Astrophysics Unrnanned University of California Gaddard Space Flight Cente Cormnpleted Post Launch STHD
CINDI CINDI Heliophysics Explorer Progrd Unrnanned US AFRL Cither Cormnpleted Post Launch ShiD
CLARRED PF Clirnate Abzolute Radiance and Refractivity OFE arth Science Unrnanned kot Applicable Langley Research Center Work In Process Pre Launch{SkD
Cloud=at Cloud=at E arth Systern Science Pathfil Unrnanned Ball ferospace Cost Plus [CF] Jet Propulzion Laboratory Cornpleted Post Launch ShAD
COBE COBE Aztrophyzics Explorer Unrnanned G5FC Goddard Space Flight Centes Cornpleted Post Launch SkAD
COMNTOUR Cornet Mucleus Tour Dizcovery Unrnanned APL Applied Physics Laboratory Completed Post Launch SkAD
CPST Cruogenic Propellant Storage & Transfer Techinology Demnonatration M Unmanned GRC Glenn Research Center Completed Post Launch SThD
Cx0 CHAMDRA, #-Fay OBSERVATORY Astrophysics Research Unrnanned THWwW Cost Plus Award Fee [CPAF]| Other Completed Post Launch HEOkD
CxF Ares | CxF Ares | Human Exp. & Ops Mizsion [ MManned Lockheed Martin Cost Plus Award Fee [CPAF]|Marshall Space Flight Centes Completed Post Launch HE OkD
CxPEVA EVa Human Exp. & Ops Mission [Manned JSC Johnzon Space Center Completed Post Launch HEOD
CxP GO Canstellation [CxP) Ground COperations Hurmnan Exp. & Ops Mission [Manned KSC Kennedyw Space Center Cornpleted Post Launch HEOWD
CxP Integration  [Canstellation Program Integration Hurmnan Exp. & Ops Mission [Manned JSC Johinson Space Center Comnpleted Post Launch HEOWD
CxP MOP Canstellation Program kission Ops Project [Hurnan Exp. & Ops Mission [Manned JSC Johnzon Space Center Comnpleted Post Launch HEOMD
CxP Orion Canstellation ORION Human Exp. & Ops Mission [Manned Lockhesd Martin Cost Plus Award Fee [CPAF]| Johnzon Space Center Comnpleted Post Launch HEOWD
CxP Prograrn Canstellation Program Humnan Exp. & Ops Mission [Manned JSC Johnzon Space Center Cormnpleted Post Launch HEOKD
CYGNSS Cyclone Global Mavigation Satellite Systern  |Earth Systern Science Pathfi{ Unrnanned Southwest Research Institute[Firm Fixed Price [FFF] MNASA Headquarters This spacecralt bus consists of a| Cornpleted Post Launch ShiD
DaRT Diouble Asteroid Redirection Test Astrophyszics Unrnanned APL Applied Physics Laboratory Cornpleted Post Launch ShAD
D h DA h Dizcovery Unrnanned Orbital ATH, Cost Plus [CF] Jet Propulzion Laboratory Cornpleted Post Launch ShAD
Deep Impact Deep Impact Planetar, Science Discovery | Unmanned Ball ferospace Cost Plus [CF) Jet Propulzion Laboratory Cornpleted Post Launch SkAD
Deep Space 1 Deep Space 1 Deep Space Mission Systern] Unranned Orbital ATk Jet Propulzion Laboratory Cornpleted Post Launch SkAD
Crragonfly Ciragonfly Mew Frontiers Unrnanned APL Cost Plus [CF) Applied Physics Laboratory Cornpleted Pre Launch ShdD
[T Deep Space Atomic Clock Techinology Demnonatration M Unmanned JPL Jet Propulzion Laboratory Completed Post Launch SThD
DSCOVR Deep Space Climate Observatory Reimbursable Projects Progr| Unmanned G5FC Goddard Space Flight Centes Completed Post Launch SkAD
DSkAS DSkS Deep Space Mission Sustern] Unmanned Lockheed Martin Cost Plus dward Fee [CPAF]| Other Work In Process Pre Launch|SkD
DSOC Deep Space Optical Cornmunications Space Technaology Unrnanned JPL Jet Propulsion Laboratary Cornpleted Post Launch ShiD
ECOSTHESS E COsystern Spacebaorne Therrnal Radiorneter |E arth Systern Science Pathfif Unrnanned JPL Jet Propulsion Laboratary Cornpleted Post Launch ShiD
elCryo Evolvable Cryogenics Technology Dernanstration M Manned GRC Glenn Ressarch Center Comnpleted Post Launch SThD
EFT-1 EFT-1 Hurmnan Exp. & Ops Mission [Manned Lockhesd Martin Johnzon Space Center Comnpleted Post Launch HEOMD
EGS Directarate Ground Systerns Developrnent OpdHurnan Exp. & Ops kission [Manned (= Kennedy Space Center Cormnpleted Pre Launch HEOkD

Update based
on Spacecraft
Contractor

Instrument
Contractor

Standard
Report now
available to
pull this
information
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CADRe: Resource for Analogous Missions
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CADRe: Resource for Analogous Missions

HELIOPHYSICS SCIENCE Helio Missions (Earth Orbiting)
e FAST 190 kg (1996)

Helio Missions (Sun-Pointed) e TRACE 241 kg (1998) polar

* STEREO 535 kg (2006) * |IMAGE 493 kg (2000)

* Solar Dynamics Observatory 1,542 kg (2010) « TIMED 591 kg (2001)

* RIS 185 kg (2013) e RHESSI 291 kg (2002) x-rays and gamma rays
* Parker Solar Probe 558 kg (2018) e Suzaku (ASTRO-E ll) 77kg (2005)

» Solar Orbiter Collaboration (Insts only) (2020) ] e AIM 190 Kg (2007) sun-synchronous

e SunRise (6-CubeSats) In Development e THEMIS 513 kg (2007)

e Multi-slit Solar Explorer (MUSE) (2027) «  MMS 928 kg (2015)

 ASTRO H 424 kg (2015)
* |CON 276 kg (2019)

Helio Missions on ISS Helio Lagrange Point Missions * XRISM 425 kg (instrument)
e« TSIS-1257 kg (2017) * ACE 750 kg (1997) e TSIS-2 256 kg (2025)
« GOLD 37 kg (2018) * Genesis 350 kg (2001) * PUNCH (2025)
e AWE 49 kg (2023 LRD) * IMAP 518 kg (2025 LrD)  TRACERS (2024)
* GLIDE (Carruthers) (2025)
e EZIE (2024)

e EUVST (jaxa 2026)
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CADRe: Resource for Analogous Missions

PLANETARY SCIENCE
Mars Orbiters Mars Landers
*  MGS 620 kg (19%) Jupiter Missions (incl moons) « Mars Pathfinder 800 kg (1996)
* Mars Odyssey 3,539 kg (2001) e Galileo 1,791kg (1989) * MER 997 kg (2003)
*  MRO 981 kg (2005)  JUNO 1,559 kg (2011) * Phoenix 597 kg (2007)
*  MAVEN 805 kg (2013) * Europa 2,854 kg e MSL (Curiosity) 3,421 kg (2011)
e ExoMars TGO (2016) * InSight 622 kg (2012)
e MEGANE 12 kg (2024) Comet/Asteroid Missions * M2020 (Perseverance) 3,539 kg (2020)
e EscaPADE (2024) * NEAR 468 kg (199) * Mars Sample Return (2027)
e Stardust 299 kg (1999)
Earth Orbiting Missions « Deep Space-1 369 kg (199s)
 Kepler 1,040 kg (Earth Trailing Orbit) (2009) « CONTOUR 384 kg (2002) Lunar Missions
* TESS 311 kg (High Elliptical Orbit) (2018) * Deep Impact 878 kg (2005) * MMM 8.3 kg (instrument) (2008)
o *  DAWN 565 kg (2007) e LCROSS 2884 kg (2009)
Mercury Mission «  OSIRIS-REX 925 kg (016 «  LRO 1,019 kg (2009)
* Messenger 506 kg (2004) e DART 493 kg o2 * GRAIL 193 kg (2011)
. . . * LUCY 748 kg (2021) * LADEE 243 kg (2013)
Saturn Missions (incl moons) « NEA Scout 10 kg (Cubesat) «  VIPER 386 kg (2025)
* Cassini 2,580 kg (1997) e Psyche 1,598 kg (2023) e Lunar Trailblazer (2025)
e Dragonfly (TBD) * NEOSM 1,131 kg (2028) * Farside Seismic Suite (2024?)
Pluto Mission * Janus (TBD) ] e LEXSO (Lunar TBD)

In Development

* New Horizons 400 kg (2006)




Earth Orbiters (Small/Medium)

QuikSCAT 910 kg (1999)
ACRIMSat 126 kg (1999)
EO-1 556 kg (2000)
Jason-1 472 kg (2001)
GRACE 450 kg (2002)
ICESAT 880 kg (2003)
SORCE 260 kg (2003)
CALIPSO 553 kg (2006)
CloudSat 500 kg (2006)
OSTM 464 kg (2008)
OCO, OCO-2 403 kg (2009,2014)
GLORY 487 kg (2011)
SMAP 863 kg (2015)
Jason-3 482 kg (2016)
GRACE FO 568 kg (2018)
GeoCarb 157 kg (early 2020s)
Sentinal-6 983 kg (2020)
(2023)

Office of the Chief Financial Officer

EARTH SCIENCE

ISS EARTH Missions

*  RBI 81 kg (canceled)

* SAGE lll 521 kg (2017)

e ECOSTRESS 460 kg (2018)
e GEDI 526 kg (2018)

* 0OCO-3 539 kg (2019)

*  MAIA 64 kg (2021)
PREFIRE 11.96 kg

* CLARREO PF 240 kg

CADRe: Resource for Analogous Missions

Earth System Pathfinders
*  CALIPSO 553 kg (2006)
*  CYGNSS 29 kg each (MicroSats) (2016)

Lagrange Point (Space Weather) *  TROPICS 5.4 kg each (CUBESATs) (2022)
e DSCOVR 416 kg (2015) * EMIT 186 kg (2022)

* Space Weather Follow On

SW Next

Meteorological Missions

e GOESI-M, N-P 2,258 kg (2001)
*  POES-KLMN-N+ 1245 kg (2009)
* NPP 1792 kg (2011)

* JPSSCGS (2016)

e GOES-R,S, T, U 2,813 kg (2016)
 JPSS-1, 1868 kg (2017)
 JPSS-2 3&4 2,038 kg

1

In Development

e Libera

Earth Orbiters (Large)

* TRMM 2,620 kg (1997)

* Landsat-7 1,857 kg (1999)
* Terra 4,415 kg (1999)

* Aqua 2,808 kg (2002)

* Aura 2,808 kg (2004)

* Aquarius 1,088 kg (2011)
* LDCM 2,150 kg (2013)

* GPM 3,043 kg (2014)

* ICESAT Il 1,354 kg (2018)
* Landsat-9 2,428 kg (2021)
« SWOT 1687 kg

« NISAR 2,110 kg

« PACE 1,224 kg

* LANDSAT Next
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CADRe: Resource for Analogous Missions
ASTROPHYSICS SCIENCE  pstro Missions Earth Orbiting

ASTRO Observatory Missions (Large) * SAMPEX 165 kg (1992)

 COBE 2,204 kg (1989) * SWAS 282 kg (1998)

* Hubble Space Telescope (HST) 8,432 kg (1990) *  WIRE 253 kg (1999)

 SPIZTER (SIRTF) 785 kg (2003) * CHIPSAT 60 kg (2003)

e SIM 6,211 kg (canceled) (2006) * GALEX 287 kg (2003)

* SOFIA 3,244 kg (2007  SWIFT 1485kg (2004) gamma ray burts

« Gamma-ray Large Space Telescope (GLAST) 3947 kg (2008) * ST-8 152 Kg (canceled)

e JWST 5,848 kg (2021) * GEMS 254 kg (canceled)

« ROMAN 7,090 kg * IBEX 160 kg (2008)

« CGI (ROMAN) 302 kg *  WISE 645 kg (2009)

* Van Allen Probes 1,210 kg (2012)

ASTRO Lagrange Point Missions * NuSTAR 348 kg (2012) x-ray
 MAP 763 kg (2001) e ASTRO-E Il 183kg (2005)

* IXPE 311 kg (2021)
* XRISM 425 kg

ASTRO MISSIONS on 1SS - * SPHEREx 375 kg

In Development

* NICER 262 kg (2017) * COSI (2025)




Historical Missions

* Apollo CSM

* Apollo LM

e Saturn S-1C, S-11, S-1VB

» Skylab

e Spacelab

* Shuttle (External Tank, Booster)
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CADRe: Resource for Analogous Missions

Human Missions

International Space Station (ISS) Tier 2

Projects
C2V2 (Communications for Visiting Vehicles)
NORS (Nitrogen Oxygen Replenishment System)

Li-lon Battery Upgrade

In Development

Constellation Program

e Constellation Integration

* Constellation Ares |

* Constellation Orion

* Constellation Ground System Dev
e Constellation Mission Operations

In Development Missions

Orion

SLS

EGS

Gateway

Mobile Launcher - 2

Human Landing System (HLS)
Lunar Terrain Vehicle
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CADRe: Resource for Analogous Missions

Technology Demonstration Missions

ISS Tech Demo Missions
* Cold Atom Laboratory 319 kg

Ground Tech Demo Missions
* eCryo 34,389 lbs

Space Communication Missions

Space Communication
e TDRS K&L 1778 kg
e TDRS M 1880 kg

e SGSS Ground N/A

Aeronautics Missions

* Low Boom Flight Demonstrator
* Electrified Powertrain Flight Demonstration
e X-57

Earth Orbiter Tech Demo Missions

In Development °

Solar Sail Demonstrator 140 kg (canceled)

Deep Space Optical Communications (DSOC) 38 kg

Green Propellant Infusion (GPIM) 129 kg

Deep Space Atomic Clock (DSAC) 40 kg

Low-Density Supersonic Decelerator (LDSD) 1383 kg

Laser Communications Relay Demonstration (LCRD) 180 kg
Low-Earth Orbit Flt Test Inflatable Decelerator (LOFTID) 1,027 kg
OSAM-1 2,421 kg (2026)

Balloon Missions

Planetary Balloon Missions
BOPPS 1856 kg
* BRRISON 1864 kg

ASTRO Balloon Missions
e GUSTO 1,171kg
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CADRe New Template Release




New CADRe Template Version Release 8.0

Table of Contents All CADRe developers engaged for several
Part A — General Descriptive INformation .o .
i months to produce final product.

A1 System Descriplion
Al Requirements ...
A12 System Ovemew )
A121 Launch and Launch Vehlcle Descrlphon
A1.22 Cruise (if applicable)...
A123 EDL (|fappllcable)
A124 Surface (ifapplicable). ...

A2 Subsystem Descriplion .
A2A1 StUCIUrES SUDSY S M e
A22 Propulsion Subsystem
A23 Thermal SUDSYSIeM .
A24 Power Subsystem
A25 Avionics Subsystem ..
A286 Telecom Subsystem
A2T Attitude Control 5ubsy5tem
A28 Software Subsystem...
A29 Mission Operations System {MOS) f’ Ground Data System (GDS} Subsystem.......

A3 Payload Description L 10

A4 Project Level Description__._________ 10 H : { H ’
h g Toledt Lovel Desarplion. o100 Gejance s NOW ‘Science/Technology
Ad42 Project Systems Engineering ... 10
Ad3 Science/Technology Team ... 1D
Ad4 Safety and Mission ASSUrance ... 10
A4b STEM and Public OUIr€aCh ... e 11 ( ) .
A46  Assembly, Test and Launch Operations (ATLO) and Testbeds ... 11 ® Removed ‘CADRe PI us termi nology
AdT R T Lt g = o U 11
A48 Acquisition Plan . SRR
A49 Government Fum|5hed Eqmpment ________________________________________________________________________ 11

A5 Significant Changes Since Previous CADRe Submission. ... 1

A6 Acronym List... e 12

AT Consolidated Llst of Sources Used in Parts A B C ______________________________________________________ 12

History._. 13

Summary c:f Part B Technlcal Data ........................................................................................ 15

Summary of Part C — Project WBSand Cost ... .15

Part A Updates to follow new 7120.5F

e Education & Public Qutreach is now ‘STEM
and Public Outreach’

OO OOOWOoCEo0oAo0 =~ ~==~=~
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1.1 Electric Field
1.1.1Double Probe
1.1.2 Electron Drift

1.2 Magneiometer
1.2.1 Fluxgate
1.2.2. Search Coil
123 lonized Gas Vapor
L2.4Magnetoresistive

2.1 Mass Spectrometers
2.1.10uadrupale M&
2.1.2 Time-of-Flight M5
2.1.3 Sector Field M5
2. L4lon Cyclotron Resonance M5

2.2 Charge and X-ray Detector
2.2.1 High Energy Particle Detector
2.2.2 Low Energy Particle Detector

2.3, Plasma Instrument
2.3.1Plasma Probe
2.3.2 Retarding Potential Analyzer
2.3.3 lon Drift Meter

2.4. Dust Detector

4.1 Passive Optical
4.1.1Cryo-cooled Passive Optical
4.1.2 Optical Telescope Assembly
4.1.3 Radiometer
4. 1.4 Pyrheliometer
4.1 5Film Carmera
4. L& Interferometer
4.1.7Single-band mager
4. 1.8 Natural Color Imager
4.1.9 Multi-spectral Imager/Spectiometers

4. 110 Hyper-spectral Imager/Spectrometer |

4.2 Active Optical
4.2.1 Laser Ranging
4.2.2 Laser Velocimeter / Vibrometer
4,2.3 Laser Imager
4.2.4 Laser Scatterometer

5.2.1 MW,/RF Ranging
5.2.2 MW,/RF Imager
5.2.3 MW/RF Seatterometer

.1Cryog
£.5.2 Expendable Cryogen Cooler
6.5.3 Mechanical Cryocooler

6.6 Accelerometes

7.1 E and Descent Sensor
7.2 Meterological Station

7.5 Seismographer
E.1 MW/RF Commilinieations
E.2 Lager Comemuni
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CADRe Instrument Categorization
CADRe Part B (Instrument Parameters)

7 Payload Instrument 1 Instrument 2 Instrument 3 Instrument 4 Instrument 5
8 |Instrument Name
9 |Instrument Builder Name
10 |Instrument Category Level 1 1. Fields 2. Parficles 4. Optical 5. MW/EF 7. Atmospheric & Surface
11 |Instrument Category Level 2 1.1 Electric Field 2.2 Charge and X-ray Detector 4.2 Active Optical 5.2 Active MW/RF  |7.5 Seismographer
12 |Instrument Categorv Level 3 1.1.2 Electron Drift 2.2.2 Low Energy Particle Detector  |4.2.4 Laser Scatterometer |5.2.2 MW/RF Imager
Instrument Category: Additional
13 |Explanatory Comments
14 |Ins trment Builder Category ~

e Coordinated with Aerospace, CADRe Developers, and NICM team to refine
before implementation into final CADRe templates
e Capability for unique comments for instruments that cross multiple

categories

* For Historical CADRes following NICM and Aerospace lead for instrument

categorization

* Next step: Build functionality into ONCE

CADRe Template Version 8.0 includes the

3-level instrument taxonomy




New CADRe Template Version Release 8.0

Additional Part B Updates Part C Updates

«  Pull Harness out to subsystem level (previously under Electrical Follows updated Level 2 from new 7120.5F

Power Subsystem) which matches how all MELs are being
reported * Updated WBS 4 to Science/Technology

* Aligned SCHW, EDL and ROVER tabs to all agree, (ex: moving  Updated WBS 11 to STEM and Public Outreach
plumbing under Tanks subsystem)

* Added Cost Plus Fixed Fee as a selection item for both * Added Grand Total to Work Force

Instruments and Spacecraft

.. Space Flight
* Based on 7120.5F New Mission Category definitions. Thresholds ppmiecf
have changed. Now >52B threshold for CAT |
* Added Checklists to ensure completion |
LCC > $2B, Project Systems Salety and Mission Science/ . ‘ _
signifi Manage ment Engineering Assurance Technology Payloads Spacecraft
gnificant o1 0 ; 05 06
radioactive 03 04
material, or human
Priority Level | LCC< $365M $365M < LCC < $2B | space flight
High Category 2 Category 2 Category 1 Mission Launch Vehide/ Ground Systems Integration STEM and Public
ati . Systems and ine .
Medium Category 3 Category 2 Category 1 Operations Services %09 and Testing Outreach
07 08 10 11
Low Category 3 Category 2 Category 1
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CADRe Summary & Challenges

 CADRe has been a stable & uniform data collection process for the past 15+ years

 CADRes provides valuable low level cost and technical details on missions
 CADRe is experiencing budget shortfalls just like all NASA institutional offices

 Growing budgetary constraints and realized FY23 reductions having negative effects on
CADRe development

e Looking at which 2024 milestones won’t have CADRe coverage
(Allow tailoring the CADRe requirement 7120.5F compliance matrix (Appendix C, Table C-1 for CADRe)

 CADRes not being completed for projects will have long lasting effects

-\

* New funding options for CADRe are being explored, no clear path yet




CADRe Summary

CADRe reports are critical for cost, schedule, and risk analysis and modeling and benefits NASA across
all Centers and major offices.

CADRe is the enabler of important programmatic policy, guidance, and estimating research, which in
turn informs NASA better estimating future projects.

ONCE website (NASA network only): https://oncedata.hg.nasa.gov

How to FEQUESt acCcess. Al
https://www.nasa.gov/sites/default/files/atoms/files/ once user access request f
orm tagged.pdf

ONCE Technical Support: hg-oncesupport@mail.nasa.gov



https://oncedata.hq.nasa.gov/
https://www.nasa.gov/sites/default/files/atoms/files/_once_user_access_request_form_tagged.pdf
mailto:hq-oncesupport@mail.nasa.gov

Thank You
Eric.Plumer-1@nasa.gov
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