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Space Launch Operations Cost Estimating Process Definition Handbook 

Executive Summary

NASA faces increasing challenges as budgetary constraints increase in research and development for aerospace and technology development.  To respond to these issues, NASA has proactively sought to align its programs and projects within today’s fiduciary responsibility.    The guidance in this handbook builds on NASA's Cost Estimating Handbook by providing a process for estimating the costs and cycle times in the totality of space launch operations for Space Launch Architectures beginning in the Concept Development phase.  This Operations Cost Handbook is intended to be an educational guide written from a NASA perspective, as a NASA-wide product, which furnishes a good overview of NASA cost and cycle time estimating of Reusable Launch Vehicle (RLV) and representative space launch architectures.  

Well-documented estimates must be consistently presented and easily understood.  The Space Launch Operations Cost Estimating Process Definition Handbook (henceforth known as the “Operations Cost Handbook”) brings the fundamental concepts and techniques of cost estimating and cycle time to cost estimators, design engineers, and managers in a way that recognizes the existing NASA cost and budgeting system within existing NASA Directives and Guides.  This Operations Cost Handbook seeks to facilitate increased credibility and communications within a standardized Cost Breakdown Structure (CBS) and Cost and Cycle Time Estimating Process so that NASA Program and Project management knowledge and skills can formulate consistent, standardized, and accurate estimates.  Use of a common set of ground rules, CBS, and standard data documentation will facilitate this process.  

The value of this guide concludes that the process of establishing cost and cycle time estimates for a program or project has a life that parallels the program and is continuous over that life.  As the program moves from pre-formulation, through formulation, and into implementation, the range of feasible alternatives decreases and the definition of those alternatives increase.  This makes it possible and necessary to re-estimate cost and cycle time for the successful options.  The result is revised cost estimates at even lower levels of detail in the CBS.  As new cost elements are estimated, existing cost elements are revised.  They are inserted into the composite CBS and are periodically rolled up to a system cost.  Control of the revised estimates and their related basis of estimate are essential to maintaining the credibility of the system cost estimate.

The recommended cost estimating process begins at a top level with a definition of the system.  This definition is assembled by the program or project team and documented in the Cost Analysis Requirements Description (CARD).  The CARD is maintained as the current definition of the system by incorporating approved system changes or new economic realities such as inflation rates.  As changes are incorporated in the CARD, the cost analysis group modifies the cost inputs and revises the current estimate.  By comparing the current cost estimate to the baseline for the period, the Program Manager (PM) and development team have clear visibility on how the program is progressing in meeting its goal.

1.0 
INTRODUCTION

This Operations Cost Handbook has been designed to provide useful educational guidance for estimating the consistent and standardized cost and cycle times in the totality of space launch operations for Space Launch Architectures beginning in the Concept Development (pre-formulation/ formulation) phase of the acquisition process.  This includes mission-planning, flow processing of systems and elements, logistics, Reliability and Maintainability (R&M), actual maintenance actions (vehicle, facility, and ground support equipment (GSE)), mission operations support, recovery, post-flight processing, spares, and more.  The primary difficulty in cost and cycle time estimation in the early Concept Development stage is the decision-maker’s demand for precision that is above the state-of-the-art given concept definition fidelity.  

It is imperative for decision-makers to realize that the nature of decisions being made at this early stage only requires the ability to distinguish between alternatives.  To do this requires that the level of precision be such that the cost and cycle time estimates be representative of the expected value and be consistent relative to other options.  It is also important that the procedures, report, tools, and cost format be standardized as much as possible to facilitate coordination, review, and collection of historical data.  This Operations Cost Handbook provides a process that will allow a cost estimate that will be representative and uniformly consistent.

1.1 OBJECTIVE 

The need for analysis of cost and cycle time in the range of launch systems under consideration is apparent.  Success in driving down cost in other advanced concept studies, using tools of the type currently available in NASA, demonstrates the utility and benefits of early cost analysis.  

The objective of this Operations Cost Handbook is to provide an organized approach to cost and cycle time estimating and analysis in conceptual space launch architecture development programs.  This Operations Cost Handbook also describes when and why the standard cost estimating techniques are used and the existing models or tools that are available to the development team.

1.2 Background

During a review held November 6-8, 2001, at the Kennedy Space Center (KSC), a multi-Center NASA team of cost estimating and launch systems operations professionals concluded that the existing tool set for estimating space launch system architectures costs and processing turnaround times, with some improvements, provides a reasonable approach for estimating cost and cycle time for future space systems during the early concept development phase and to a lesser degree in the preliminary design phase.  It was also found that there was a need to develop a definitive process for employing the existing tools and to provide effective guidance for applying the process.  While the NASA Independent Program Assessment Office funded an effort to develop a Cost Estimating Handbook for the Agency, there is still a gap for providing a process/handbook specific to and applying expertise in the total spectrum of space launch operations, maintenance, planning, and support.

What appeared to be missing was a well-defined process for accomplishing cost and cycle time analysis early in concept development and using results of those analyses to influence development programs.  This cost analysis process would develop, document, and define the methods, tools, and timing to be applied to all space launch architecture concept development programs.  This process is intended to be integrated into NASA’s ISO 9000 documentation and published in a NASA cost analysis guide for use by program and project offices.  This guide also establishes the criteria for future development or enhancement of analysis tools.

1.3 SourceS

Information and documented sources accessed during the development of this Operations Cost Handbook were selected because of their relative application to requirements for NASA Program and Project Managers to accomplish accurate cost estimation.  This information then facilitates the development of reliable cost estimates that are well documented throughout the life cycle of the developing space architecture, beginning with Concept Development.  Standardizing cost breakdown structure for cost estimating and cycle times for NASA programs and projects provide consistency to the cost estimating process and increases the credibility of the resulting cost estimates.

The guidance within this Operations Cost Handbook was aggregated from cost estimating procedures, NASA Procedures and Guidelines (NPGs), industry and other government best practices, and interviews with NASA cost estimators, design engineers, and managers.  A detailed listing of those who participated in this effort may be found in Appendix B.  The ITB/ALE Team would like to acknowledge the time and energy contributed to this effort.  Specific thanks to personnel, interviewed for the NASA current practices, go to the following: 

	· Joe Hamaker*
	Marshall Space Flight Center
	Engineering Cost Office

	· Eric Shaw
	NASA Headquarters
	Code B

	· Bill Demer
	Kennedy Space Center
	Office Chief Financial Officer

	· Doug Morris
	Langley Research Center
	Vehicle Analysis Branch

	· Arlene Moore
	Langley Research Center
	Systems Management Office

	· Jim Roberts
	Kennedy Space Center
	Systems Management Office

	· Paul Gilbert
	Marshall Space Flight Center
	Flight Directorate

	· Mike Nix
	Space Transportation Directorate 
	System Analysis Group

	· Dave Taylor
	Marshall Space Flight Center 
	2nd Generation Program Management Office

	· Edgar Zapata
	Kennedy Space Center 
	Systems Engineering Office

	· Andy Prince
	Marshall Space Flight Center
	Engineering Cost Office

	· Hugh Brady
	Marshall Space Flight Center Advanced Concepts
	Chief Space Transportation Element ISAT Team 

	· Glenn Rhodeside
	Kennedy Space Center
	Systems Management Office

	· Scott Colloredo
	Kennedy Space Center
	Systems Management Office


* Since re-assigned to NASA Headquarters, Code BC

1.4 Applications and Uses of Cost & Cycle Time Estimating and Analysis

A coherent and consistent cost structure that is based on a NASA standard set of cost elements will greatly enhance cost analysis, development of cost analysis tools, and communication of cost related issues.  A review of cost analysis tools revealed that a wide range of cost breakdown structures is used within NASA.  While the concepts and space architecture may be technically very diverse, the elements of cost that comprise all launch systems can be identical.  Use of a common cost breakdown structure will significantly enhance communication and accelerate development of an effective cost analysis environment; it will also provide a common basis for comparing different launch system architectures.  Thus, a NASA standard cost breakdown structure is proposed in this handbook.

1.5  ACRONYMS

	AA
	Associate Administrators 

	AATe
	Architectural Assessment Tools-enhanced

	BCE
	Baseline Cost Estimate

	BCTE
	Baseline Cycle Time Estimate

	CAO
	Cost Analysis Office

	CARD
	Cost Analysis Requirements Description

	CBS
	Cost Breakdown Structure 

	CEC
	Cost Estimating Community

	CFO
	Chief Financial Officer

	CIC
	Capital Investment Council 

	COMET/OCM
	Conceptual Operations Manpower Estimating Tool/Operations Cost Model

	CTER
	Cycle Time Estimating Ratio

	EAA
	Enterprise Associate Administrator

	FEA
	Front End Analysis

	FMM
	Financial Management Manual

	GEM-FLO
	Generic Simulation Environment for Modeling Future Launch Vehicle Operations

	GFY
	Government Fiscal Year

	GSE
	Ground Support Equipment 

	IA
	Independent Assessment

	ICE
	Independent Cost Estimate 

	IFMS
	Integrated Financial Management System 

	IPAO
	Independent Program Assessment Office

	ISAT
	Inter-Center Systems Analysis Team

	ISO
	International Organization for Standardization

	KSC
	Kennedy Space Center

	LCC
	Life Cycle Cost 

	LSOCM
	Launch Systems Operations Cost Model

	NAFCOM
	NASA/Air Force Cost Model

	NAR
	Non-Advocate Review

	NPD
	NASA Policy Directive 

	NPG
	NASA Procedures and Guidelines

	NROC
	iNtegrated – RMAT – OCM/COMET model

	O&S
	Operations and Support

	OCM
	Operations Cost Model

	OMB
	Office of Management and Budget

	PAPAC
	Provide Aerospace Products and Capabilities

	PCA
	Program Commitment Agreement

	PCD
	Performing Center Directors

	PDR
	Preliminary Design Review

	PFA
	Program Formulation Agreement

	PM
	Program Manager

	PMC
	Program Management Council

	POP
	Program Operating Plan

	PRICE
	Parametric Review of Information for Costing and Evaluation

	RLV
	Reusable Launch Vehicle

	RMAT
	Reliability, Maintainability Analysis Tool

	SEER
	System Evaluation and Estimation of Resources

	SMO
	System Management Office

	WBS
	Work Breakdown Structure 


1.6 Overview of Handbook

This Operations Cost Handbook is presented in four major sections.  First, as a part of Section 2.0, Scope, the Operations Cost Handbook presents cost estimating and cycle time relationship to NASA acquisition, budgeting, contract processes, designers, managers, policymakers, and decision-makers in the overall program and project management requirements under NASA Procedures and Guidelines.  Once the relationship has been established, Section 3.0 of the handbook presents NASA’s current state of practice for cost and cycle time analysis process for launch vehicle operations.  This establishes the baseline for current cost estimating activities.

In Section 4.0 and 5.0, the handbook presents the recommended NASA standard for Space Launch Cost Breakdown Structure and the Cost and Cycle Time Estimating Process Definition.  Together, the CBS and Cost and Cycle Time Estimating Process establish a format for consistency in managing revised estimates and their related basis of estimate and cycle time, which are essential to maintaining the credibility of the system cost estimate.  Specifically, the guidance for accomplishing the CBS and Cost and Cycle Time Estimating Process for defining the program and documenting the cost requirements in the CARD are discussed.  The CARD is important from initial definition of the system for incorporating approved system changes or new economic realities such as inflation rates, through changes incorporated as the cost analysis group modifies the cost inputs and revises the current estimate.  By comparing the current cost estimate to the baseline for the period, the Program Manager and development team have clear visibility on how the program is progressing in meeting its goal.

2.0 Scope

2.1 Definitions of Launch Systems Operations Cost and Cycle Time Estimating AND Analysis

2.1.1 Scope of Space Launch System

The space launch system consists of hardware, software, personnel, and material necessary to deliver a payload or payloads into orbit.  This includes the launch vehicle and all space port facilities, equipment, and personnel that support orbital payload delivery.

2.1.2 Scope of Cost and Cycle Time Analysis

The Operations Cost Handbook defines the methods, tools, and timing process for cost and cycle time analysis during space launch architecture concept development programs.  It is intended to assist program managers, engineers, and analysts involved in design of new space launch systems or modifications to existing systems.

2.2 Interrelationships with the NASA Acquisitions, Budgeting, and Contracts Processes

The Operations Cost Handbook directly relates to program and project management requirements within acquisition and contractor processes under NASA Procedures and Guidelines established to provide accurate financial resources management.  It ensures that budgets are developed and administered according to program/project needs; funds are controlled within funding constraints and governing laws and regulations; and as a measure that contractor financial reporting meets program/project needs and governing NASA procedures and instructions.

The key element associated with cost analysis within the acquisition process is cost estimating under Life Cycle Cost (LCC) accounting.  Life Cycle Cost management and accounting is to ensure that programs and projects are managed based on LCC, that costs are fully accounted for, and that the LCC of each program is minimized.  LCC shall be estimated, assessed, and controlled throughout each program or project life cycle.  LCC shall be determined based on the full cost initiative guidance available at the point of its calculation.  Cost estimates can then be summarized according to the current CBS.  The CBS serves as the basis for program/project technical planning, scheduling, cost estimating and budgeting, contract scope definition, documentation product development, and status reporting and assessment (including integrated cost/schedule performance measurement).  LCC effects shall be projected for all major changes and submitted as a part of any formal change control request, such as the development of program commitment, major reviews, and budgetary submissions.

Cost estimating then becomes a baseline for evaluating contractor financial reporting.  Contractor financial reporting for program/project costs are applied to contracts according to NASA Contractor Financial Reporting Systems, as supplemented by references and relevant Center directions.  Contractor cost reporting and performance measurement shall be of sufficient depth to enable program/project management to accomplish the following: 

· Review the cost and workforce expended on the project in relation to the schedule and technical progress 

· Determine the critical elements of risk to the program/project 

· Report progress relative to the Program and Project Plans 

· Support the Enterprise Associate Administrator (EAA) in reporting compliance with the Program Commitment Agreement (PCA) to the NASA Program Management Council (PMC), and/or to the cognizant Center PMC, if required

Ultimately, contractor program/project performance data provided to NASA will be summarized directly from the same systems used for internal contractor management.

2.3 Interrelationships with Space Launch Architecture Designers, Managers, Policymakers, and Decision-Makers

This Operations Cost Handbook directly relates to program and project management requirements.  Within NASA Procedures and Guidelines, space architecture designers, managers, and decision makers establish accurate financial resources management, ensure that budgets are developed and administered according to program/project needs, and control funds within funding constraints and governing laws and regulations.

In budget development and execution, this handbook enables program and project managers to support the Agency’s submittal of the NASA budget and in executing NASA’s programs approved through the congressional authorization and appropriations process.  Specific guidance on Integrated Financial Management System (IFMS) implementation and the revised budget structure and process will be contained in a variety of IFMS handbooks, revisions to the Financial Management Manual (FMM), and the Chief Financial Officer’s (CFO) annual budget guidelines.  The following represents the simplified, anticipated steps of the budget development and execution process to which the guidance within this handbook directly contributes.

In guideline development, the Administrator and the Capital Investment Council (CIC) shall provide strategic guidance for Enterprises, Centers, and staff offices.  The detailed guidance is then developed by Enterprises and Functional/Staff Offices, working with the program managers and Performing Center Directors (PCDs), and provided to the CFO. The CFO shall issue a single set of budget guidance annually.  Once developed, initial budget submissions are prepared by the Projects, Programs, and Centers and forwarded to both the program managers/PCDs and the Program Office (PO).  Final submissions shall be made to the appropriate Associate Administrators (AAs).  Functional/Staff Offices provide their assessments to the EAAs. 

The accuracy of cost estimating and cycle time processes enable responsible Enterprise and Functional/Staff Offices in submitting and advocating their requirements to the CFO, the CIC, the Administrator, the Office of Management and Budget, and the Congress.  Implementation of final decisions (internal and administrative) flows back down to the Performing Centers through the same path that submissions follow.

3.0 Current State of the Practice

3.1 Objective AND Approach

The objective of this section is to present NASA’s current state of practice for cost and cycle time analysis capabilities and process for launch vehicle operations.  The capabilities and process defined in this section were documented through review of NASA program and project literature, including key NASA Policy Directives (NPD), NPGs, handbooks and papers, as well as a series of interviews with individuals in the NASA Cost Estimating Community (CEC). 

3.2 Current Core Capabilities

The development of this Operations Cost Handbook found that NASA core capabilities include tools and the ability to use those tools in accomplishing cost and cycle time estimations.  It was further determined that NASA Centers provide cost centers to support cost and cycle time estimating activities.  Further evaluation determined enterprises and programs have good analysts, personnel with excellent scientific and technical knowledge, and contractor support to develop applicable processes for program strategy development through operational level guidance.  However, there appears to be a significant need for consistency and standardization at the lower levels.

Current management system core capability leading to the cost and cycle time estimating requirements is established in NPG 7120.5A, NASA Program and Project Management Processes and Requirements.  This document establishes the current core management system for processes, requirements, and responsibilities for implementing NPD 7120.4A, Program/Project Management.  This management system governs the formulation, approval, implementation, and evaluation of all Agency programs and projects established for a critical NASA crosscutting process to Provide Aerospace Products and Capabilities (PAPAC).  It is intended to support accomplishment of the NASA programs and projects, consistent with established Agency strategic planning, on schedule, and within budget, while satisfying the requirements of multiple stakeholders and customers.  In accordance with NPG 7120.5A, the following are the LCC estimating requirements within program and project manager current core capabilities:  

· LCC shall be estimated, assessed, and controlled throughout each program or project life cycle

· LCC shall be determined based on the full cost initiative guidance available at the point of its calculation

· All cost estimates shall be summarized according to the current Work Breakdown Structure (WBS) and time phased by Government Fiscal Year (GFY)

· LCC effects shall be projected for all major changes and submitted as a part of any formal change control request

· LCC estimates shall be prepared in support of the following:

· Development of program commitment

· Major reviews

· Budgetary submissions

3.3 Characteristics of the Process

The NASA cost process for space launch operations through Preliminary Design Review (PDR) has a number of key characteristics.  These are:

· The overall cost and cycle time process is structured to meet the management requirements in NPG 7120.5A NASA Program and Project Management Processes and Requirements.  However, the implementation of the structure would benefit from additional standardization.  Consistency in the level of cost detail during concept definition and a continual focus on providing cost data in time to influence the design, particularly leading into the implementation phase, will enhance the process.  

· The budget process and the procedures for doing cost estimation are well understood within NASA.  However, links between parts of the process are not clearly defined and documented.

· Decision points to move into program formulation and program implementation are defined for NASA space launch programs by directive and implemented by PMs.  At these decision points, how decisions are made should be clarified, and the data set/approval criteria standardized.  

· Space launch estimates are rolled up from data provided across all the centers.  External cost coordination between the centers appears excellent, particularly in establishing ground rules, assumptions, and cost influence on specific design trade studies.  Additional internal coordination at the centers, to preclude several personnel working the same problem and generating multiple ‘baseline’ documents such as several WBS versions, would be beneficial.   

· NASA has a wide range of estimating tools, which are being continuously improved.  This is particularly applicable in the program formulation stages. 

3.4 Process Overview

The cost and cycle time process is part of the larger concept definition process within NASA, as shown in NPG 7120.5A, NPG 7120.4B, and, for example, the Marshall Program Management and System Engineering Handbook and documentation at other NASA Centers.  Programs and projects are established as a means of fulfilling the goals and objectives of the NASA Enterprises as defined in the NASA Strategic Plan.  

NASA space launch programs establish goals and objectives during the pre-formulation stages, based on guidance from the applicable customer.  Those goals and objectives may be further subdivided into projects that help fulfill program needs.  The projects are then examined for required technical parameters, cost, and risk.  This results in a set of top-level, or Level I, requirements for a program or project.  

Project formulation is the sub-process used to provide concept definition once NASA has given its approval to proceed with a project.  During formulation, Centers define an affordable concept and expand the goals and objectives into a set of requirements.  During the formulation process, the implementation options, available technology, risks, and budget and schedule are identified and investigated.  The early formulation sub-process analyzes all aspects of space launch concepts that will meet top-level project requirements.  In this phase, cost estimators examine cost feasibility, uncertainty, and constraints.  Later in the sub-process, all feasible concepts are studied and trade studies are performed to determine an optimal concept.  After all alternative concepts have been analyzed, the project is defined, approval received from the governing Management Council (MC), and 1-2 primary concepts are chosen for further development and project planning.  

The overall process, focused on cost and cycle time analysis, is shown in Figure 1.  The following paragraphs further discuss cost and cycle time during the pre-formulation and formulation processes.

3.4.1 Pre-Formulation Process

The concept developer, ordinarily within a Performing Center, begins developing a concept using a core team including designated cost personnel from Supporting Centers as required.  The resulting concept will be submitted to the NASA Enterprise Office for review.  Funding estimates are generated parametrically, using aircraft and historical space data, and tools such as NAFCOM, PRICE, and SEER.  The funding estimate often will be part of a submission of a technology or idea that supports the space launch portion of the NASA Strategic Plan.  If acceptable to the NASA EAA and CFO, a NASA space launch program is initiated using a Program Formulation Agreement (PFA).  The PFA establishes, among other things, resource estimates, cost risks, contingency reserves, and related Level 1 requirements.  The funding estimates become part of the 5-year budget cycle, and identify program-funding levels for the budget year 2 years out.  
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Figure 1.  Cost and Cycle Time Analysis Process

3.4.2 Program Formulation

The program/project formulation sub-process explores alternative options in order to develop an optimal concept.  During this phase, LCC and performance analyses are examined simultaneously in order to develop various space launch architectures that meet the Level 1 requirements.  Through this sub-process, top-level requirements are generated for incorporation into the PCA and Program/Project Plans required as sub-process outputs.   

During this sub-process, both contractors and core design teams work on concept development.  A WBS is built as directed by the PM and both contractors and NASA estimators establish ground rules and assumptions for use.  Early on, there is preliminary analysis of initial concepts and a utility analysis conducted to determine the value of a project.  Analyses may also include comparison of life cycle costs and benefits with existing systems.  

The initial concepts are generated from several sources, such as pre-formulation studies, center-developed concepts, or by contractors.  The numbers of concepts are down-selected to a manageable number in the early to mid formulation phase time frame.  They are then provided to the internal NASA design teams, through the Program Office, to develop an optimal architecture.  Initial cost estimates, with cycle time analyzed as a contributing factor to cost, are developed using data available from existing programs such as the Shuttle.  This estimate is the advocate cost estimate or ‘grassroots’ estimate.  It is based on historical information and information being generated by the rest of the team.  A contractor estimate(s) is often developed separately and the various estimates compared for completeness, standardized ground rules and assumptions, and reasonableness.  

The office responsible for building these concept cost estimates, particularly the Design Development (DD) estimate, is the cognizant cost office at the performing Center, using tools like NAFCOM, the PRICE estimating suite, and SEER.  Operations and Support (O&S) estimates are generated using a team currently called the Inter-Center Systems Analysis Team (ISAT).  ISAT uses a different set of tools for O&S estimates, notably RMAT, COMET/OCM, GEM-FLO for cycle time, and Architectural Assessment Tools-enhanced (AATe).  Additional cost support is provided by supporting NASA centers providing input in such areas as spaceport operations (Kennedy Space Center) and airframes (Langley Research Center).  Together, these cost analysts work to build a concept architecture.  In some cases, they study the impact of infusing new technology into a reference vehicle and its impact on cost.  In many cases, they study concepts initially generated by contractors, then selected by the PMO for cost, schedule, and technical merit.  


Design changes continue to be an iterative process, with cost estimates analyzed for affordability and effectiveness at each design change.  In order to make this process more efficient, NASA has established a program of cooperative engineering centers.  At these centers, the engineers and cost analysts determine the overall benefit of a specific technology or concept to improve space transportation using individual workstations and the variety of analysis tools mentioned earlier.  Center and visiting/teleconferenced experts analyze all aspects of a space launch vehicle, from the technical aspects of flight operations to a business model to determine the return on investment.  The engineering centers enable cost personnel to optimize costs in shortened times for a variety of concepts.  As the program or project matures during the formulation sub-process, concept definition designs are refined and their number reduced, with more detail being added to the cost estimate.  The earlier concept definition tools are generally phased out and engineering expertise and actual data are used more frequently.

Throughout the process, cost personnel support a variety of reviews.  Program Managers may specify internal reviews, in addition to the required Non-Advocate Review (NAR) and program project approval required to move a program into the implementation process.  These reviews ensure the concept being developed meets NASA re-sourcing goals and objectives for the program, among other requirements. Towards the end of program formulation, as system requirements are sufficiently developed, the program or project prepares for a Program/Project Approval Review by the Center Program Management Council (PMC), usually in concert with the NAR.  Part of this review includes an Independent Cost Estimate (ICE), performed by a cost estimation office outside of the performing Center.  The initial LCC estimate is reviewed in preparation, including funding resource requirements, reserve allocations, workforce and infrastructure requirements, and partnering efforts.  Contractor estimates and the ICE are reviewed, differences analyzed, and potentially reconciled, by the cost office.  Subsequently, one, or a combination of the cost estimates, is presented by the PM during the program/project approval process to the assigned PMC.  If costs are accepted, the estimates become part of the overall approval process to move the system to implementation.  If estimates are not satisfactory, they are returned to the cost office for additional estimation and analysis. 

The process is iterative.  Concepts are developed to lower and lower levels of detail by the design teams, and cost estimates become more detailed, up to a reasonable point, since this is still concept definition with limited data availability.  The final product is one or possibly two competing concepts that will receive approval to move to program implementation.  These cost estimates and their accompanying cost risk analysis are used to provide NASA with the estimates that go to Congress to justify system development.

4.0 NASA Standard Space Launch Operations Cost Breakdown Structure (CBS)

4.1 Objective 

This section provides a structured approach to collecting and organizing cost data for launch systems.  The intent is to provide a uniform approach for identifying elements of cost data that is consistent over a program life and consistent between programs.  To the extent that this objective is achieved, the utility of cost related data to support NASA financial management will be significantly increased.  A comprehensive CBS is presented that will accommodate previous and future launch systems in a uniform manner.

4.2 Cost Breakdown Structure

The CBS is nothing more than an organized approach for assembling the individual elements of cost that relate to a program over its entire life.  If left to individual initiatives, a wide range of schemes will arise that make it difficult to use cost data from one program to another and from one estimate to another.  A variety of schemes also promote the proliferation of models that are unique to a given scheme.

The criteria used in developing the common CBS are as follows:

· Ensure that the CBS captures the entire cost of a program over its life cycle.  This is necessary to support NASA’s program management guidance that requires the entire expected program cost to be defined in the PCA.  This is also necessary to provide managers, scientists, and engineers visibility into total cost.

· Align with the way cost is managed by NASA.  This requires that cost be accumulated to support NASA financial management and cost accounting practices.

· Align with the way programs and contracts are managed within NASA as much as possible.  This requires that the CBS be compatible with the WBS guidance in the NASA WBS guide, excepting that contractors be required to use a standard WBS down to a certain level.

· Accommodate increasing levels of detail as programs mature.

In order to capture all elements of cost, the CBS should be thought of as having three dimensions as shown in Figure 2.  They are a WBS, a time element (GFY), and type of resource $ (labor, material etc.)
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Figure 2.  The Three Dimensions of the CBS

4.2.1 CBS Element - WBS

The first element of the CBS is the WBS.  This element makes up one dimension of the CBS and was developed to be in conformance with NASA guidance.  As discussed in the NASA WBS Guide, NASA’s program/project WBS should consists of three levels.  Level 1 is the entire project.  Level 2 is composed of the major project segments, or potential systems under the project.  Level 3 covers the major definable components of the system.  This NASA standard WBS to Level 3 is shown in Figure 3.  From there, the WBS is tailored and standardized for the space launch systems down to the fifth level, as illustrated in Appendix C.  This WBS is only the starting point, which is usable at the concept development level.  It will be necessary to expand the WBS to increasing levels of detail as the system matures based on the specifics of the program/project.
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Figure 3.  Launch Operations Work Breakdown Structure – Level 3

The CBS for launch operations is designed to capture all life cycle cost, with its associated management costs.  Under this multi-axis structure, for cost visibility, a specific work package in the WBS, for example resource management, may have costs for government labor, contract labor, travel, etc.  These costs may occur in any given GFY of the program life.  By tagging each element of cost with three identifiers (work package, type money, and GFY), it will be possible to select any category of cost for a period allowing total cost visibility to anyone with access to the cost database.  The Level 3 categories contain the following:

· System Program Management - System program management is subdivided into the standard categories common to each project, such as configuration management, system engineering, and acquisition.  System program management survives over the entire program life.

· Formulation - The formulation stage includes concept development and program definition, as discussed in Chapter 3, NPG 7120.5A, NASA Program and Project Management Processes and Requirements.  Each sub-category under this stage identifies the critical steps in the NASA project formulation process necessary to bring a concept to approval.  Each step must be estimated in order to capture the overall cost of this phase.

· Design and Production - The design and production element is structured to capture the hardware and software costs, as well as the engineering, integration, and testing efforts required building a total system.  These cost areas cover the vehicle facilities, ground support equipment design, and development of the logistical support system.  This structure will allow expansion into WBS packages at the contractor level, since they document costs in specific subsystem categories such as electrical or thermal systems, as well as the engineering, design, and integration functions.

· Operations and Support (O&S) - The next three stages of the standardized WBS capture costs in the overall O&S stage of a system’s life.  The entire O&S phase was broken into the three separate categories in order to help document costs logically under the discrete management areas NASA (and most organizations) use to manage the life cycle, namely mission operations, logistic operations, and installation/infrastructure operations.  Using information contained in NASA literature on spaceport operations, each of the three categories was developed to capture both general and NASA specific areas that exist for the space launch architecture.  Notably, the 12-spaceport functions, described in a 1997 document called  “A Catalog of Spaceport Architectural Elements with Functional Definition, Preliminary Modeling Definition”, are included primarily under launch operations, and to a lesser degree in support and infrastructure operations. 

· Disposal - The final category, disposal, rounds out the life cycle cost categories and ensures that the project manager, in the initial stages of the program, can fully estimate and document costs for the system from “cradle to grave”.

4.2.2 CBS Element - Types of Costs

The second dimension of the CBS consists of the types of costs that may be incurred in each work package of the WBS.  The common types of costs are labor, material, travel, and other direct costs, overhead, G&A, and fee for contract efforts.  Labor cost may be further sub-divided into government and non-government labor.  

4.2.3 CBS Element - Government Fiscal Year (GFY)

The third dimension of the CBS consists of the GFY in the year the cost is expected to occur.  Another option to consider in further definition of the third dimension CBS element is to state this CBS element by the different types of funding sources (colors of money) versus fiscal years.  

4.3 Tailoring Guidance

It is recommended that the CBS standard be maintained whenever possible, since cost standardization helps enhance cost analysis, promotes consistency during tool development, and improves understanding of cost issues between Centers.  However, if the CBS must be tailored in order to meet mission or agency requirements, the following rules are recommended:

1. If a cost element is not used, simply leave blank and keep the numbering system intact.

2. If a cost element must be added, insert it at the end of a number series, rather than in the middle, in order to leave the existing numbering system intact.  For example, to add an element to the WBS in Appendix C, Level 3, Candidate System 1, insert it as 1.2.9.  

5.0 COST AND CYCLE TIME ESTIMATING PROCESS DEFINITION

This section describes an improved process for estimating cost and cycle times for NASA programs during concept definition.  Therefore, the emphasis in this guide is on the pre-formulation and formulation sub-processes of NASA’s established Program and Project Management Process as defined in NPG 7120.5A.  This section covers, as background, why cost and cycle time estimates are needed at each phase of a program, who uses the estimates, characteristics of the process, and the relationship of cost estimating to system engineering.  Then, the overall process is discussed, including its relationship to the existing process.  The process is then discussed in detail, including who generates estimates, the existing models or tools that are available to the development team, and how the estimate matures in accuracy and level of detail as the program moves through the early stages of its life cycle.  Finally, performance management is discussed, along with how the process may be extended to the implementation sub-process.

This section will also describe when and why the standard cost estimating techniques are used, deferring to the NASA Cost Estimating Handbook for details on specific estimating techniques.  

5.1 Background

NASA has two strategic goals for the space launch programs.  They are to reduce the cost of payloads to orbit by a factor of 100, while increasing space operations safety by a factor of ten.  Meeting these challenging goals requires an efficient and reliable estimating process.  The cost and cycle time estimating process described in this section has been designed to improve the estimating process for new launch systems, and use the improved estimates to impact overall system performance and life cycle cost.  The proposed process is directly aligned with current NASA guidance and addresses cost and cycle time from the strategy planning and budget process down to the point of making early design decisions at a program or project level.


The cost of placing payloads in orbit is dependent on many factors.  At the macro level, there is the cost of producing or modifying the launch vehicle, the cost of acquiring the launch and recovery facilities including the mission planning and control functions, and the cost of operating these capabilities over the system life.  These costs are, in turn, dictated by the business strategy, technology employed, and the continuity of funds to support the program.  

In order to achieve NASA’s strategic cost objective for launch systems or any NASA system, it is necessary to apply a cost estimating strategy and process that addresses the needs of key NASA personnel/offices and strategic management practices as described in NPG 1000.2, “The Red Book”.  These key offices and processes are:


· The CIC at NASA HQ, which is responsible for examining agency-wide capital investment and policy issues and prioritizing resources.  Their efforts directly influence the future capabilities of NASA.  To accomplish this effectively requires that the CIC have consistent and credible estimates of the resources required by each of the Strategic Enterprises.  This requires cost estimates be made well before the resulting systems are conceptualized.  

· The CFO Council is responsible for improving financial and resource management.  In order to go beyond simply tracking expenditures, the CFO must have reasonable projections of future cost and the associated capabilities expected from future expenditures.

· The Enterprise Leaders have responsibility for assessing and allocating the full cost of each program including personnel and facilities.  This requires cost estimates that are consistent across the Enterprise.

· Program and Project Managers require valid cost estimates on competing concept alternatives in order to support their selection between the alternatives.

· The Program Operating Plan (POP) process requires development of a five-year projection of cost as a key input to the budget process.  Having credible budget inputs is key to obtaining Office of Management and Budget (OMB) support and, eventually, congressional support for NASA programs.

· OMB Circular A-11 details requirements for ensuring that performance is measured against established metrics.  In order to support the objectives of that circular, a reasonable estimate of resources required to support each goal is essential. 

The entire NASA team, as well as exterior organizations, are users of the cost estimating process, as shown in Table 1.  Their needs vary among users and over time within the same user.  Therefore, the cost estimating process must have many faces to serve its many customers. 
Table 1.  Cost Estimate Customers

	Customer
	Uses

	GAO
	Oversight

	Congress
	Appropriations

	NASA HQ (CFO/CIC)
	Approval and Balancing Strategy

	Enterprise Leaders
	Program Cost Allocation and Assessment

	Program Manager
	Selection Alternatives/Meeting Commitment

	Scientist/Engineer
	Selecting Alternatives/Design Influence

	Logistician
	Logistic Planning/Design Influence

	Cost Analysts
	Comparing Program Cost and Analysis

	Other Programs
	Benchmarking Costs

	IPAO
	Cost Evaluation

	IG
	Oversight


5.2 CHARACTERISTICS OF THE PROCESS

The recommended cost and cycle time estimating process has three major characteristics that differ from the current process.  These are:

· Consistency of Estimate - The process will provide continuity of cost and cycle time estimates over time and between programs.  Currently, the Baseline Cost Estimate (BCE) is not always clear, well documented, and of equal importance with performance and schedule.  However, with this process there is an initial BCE established early in formulation for each concept, which remains the baseline (for the successful concept) throughout the program’s life cycle.  This estimate is updated as the design changes, and the need for precision in the estimate and level of detail required increases over time.  Changes to the BCE are accompanied by meaningful explanations for the changes in estimates that are certain to occur as the system matures.   


· Standardized CBS - The process will employ a common or standard CBS that includes the program or project WBS.  Estimating is streamlined and normalized through the use of a standardized CBS, which applies to the life cycle of the launch system from formulation through disposal.  The CBS will also serve as a common framework for developing future cost and cycle time estimating tools and techniques.


· Development of Cost Analysis Requirements Description (CARD) - The process requires the development of a CARD for each concept to be estimated.  This differs from the current requirement to provide a CARD only for programs costing $150M or more.  Building a common format for data requirements helps provide a solid and defensible basis of estimate for concepts.  Prior to reviews, it is recommended the CARD be updated with changes to system requirements, management strategies, and contractor adjustments as a matter of policy. 

5.3 Relationship of Cost Estimation to System Engineering

Timely and credible cost/cycle time estimates are essential to effective systems engineering over the entire life of a program.  In the formulation phase, the challenge is amplified by the fast pace and wide range of options or alternatives under consideration.  The systems engineering process, as applied to space launch systems, is well defined in Marshall Space Flight Center (MSFC) Handbook 3173.  Figure 4, taken directly from MSFC HDBK 3173, Figure 18, shows the system process flow in the formulation stage of program development.
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Figure 4.  Formulation Phase System Engineering Process Flow

Source: MSFC HDBK 3173

In order to perform concept trade studies, an estimate of the life cycle cost is needed for each concept under consideration, and the estimates must be updated as the design changes.  To be effective, the cost estimate for each concept must be comparable.  Each estimate must cover the same mission, timeframe, and scope.  Use of a common set of ground rules, CBS, and standard data documentation will facilitate this process.  While not always possible, use of the same model for estimating cost elements and cycle time is highly desirable.

At this early stage of development, comparability of cost estimates is more critical than precision in the absolute values.


Systems engineering involves synthesizing and evaluating a wide range of concepts.  Each concept should have a unique BCE that covers its entire life cycle.  As the program formulation process matures, new concepts will emerge, concepts will be eliminated, and concepts will merge or evolve to new concepts.  Control of cost estimates for these evolving alternatives poses a challenge for systems engineering.  Following a few basic rules can mitigate this challenge:

· Establish the affordability objective early and base it on the business case for the program rather than any individual concept under consideration.  The affordability objective is a life cycle profile of expenditures that serves as the upper limit of cost for each stage of a program’s life cycle.

· Establish and maintain a BCE for each concept using the criteria described in this section.  

· Employ a common CBS and system database for each concept.

· Update the cost and cycle time estimates and system database for each concept as significant changes to the concept occur.

· Use a common set of ground rules and assumptions for all concepts.

· Use the current cost and cycle time estimates as the basis for trade studies as they occur.

5.4 COST AND CYCLE TIME ESTIMATING PROCESS

5.4.1 General Cost Estimating Process

The NASA cost-estimating process is inextricably linked to the budget and program management cycles.  The decision points within these cycles require cost estimates at varying levels of complexity and precision.  Estimates and the estimating process must be structured to support the cycles.  Figure 5 shows an overview of the cost estimating process at a top level linked to budget submissions and program management decision points during concept definition. 

As a first step, an affordability estimate must be established in order to help build the budget two years out.  The affordability estimate leads to the affordability objective discussed, as a recommended rule, in paragraph 5.3, and program cost guidance from NASA.  Next, a program WBS is developed.  The WBS, along with concept data is recorded in the standard CARD format.  CARD data and the affordability estimate are used to develop a BCE, which is used to influence design of the system, build the budget input for the next five years, and support the advanced concepts review.  

From here, the process becomes iterative.  Design concepts are updated, revised, expanded, and ultimately accepted or rejected.  Cost estimates, as an integral part of the design process, are revised, reviewed, approved, and updated as the design changes.  Cost estimate and CARD changes are recorded on a regular basis.  Eventually, the concept, and its associated cost estimate, is firm enough to present as a system solution.  At that point, the cost estimate is reviewed formally as part of a Non-Advocate Review (NAR), in order to obtain NASA HQ approval to move the program from the formulation to the implementation sub-process.  The major steps of the cost estimating process are discussed in greater detail in the following paragraphs.
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Figure 5.  Cost Estimating Process Overview

5.4.2 Building an Affordability Estimate

Concept definition occurs primarily in the pre-formulation and formulation stages, with major decision points occurring prior to movement into the formulation and implementation sub-processes, in accordance with NPG 7120.5A.  As illustrated previously in Figure 5, the recommended starting point of the estimating process is an affordability estimate or macro estimate during the pre-formulation stage, which leads to affordability analysis and budget allocations by NASA HQ.  

NASA has an overall strategic budget, with dollars allocated to R&D, acquisition, and O&S, as well as dollars available from outside sources such as industry, DoD, and foreign countries.  NASA must analyze requirements, then balance the program estimates in each of these areas, and allocate dollars to them based on program need in concert with other program budget requirements.  NASA must also establish an overall budget ceiling for the program, which must be reviewed annually and adjusted as budget realities change.  The most difficult part of affordability analysis is projecting the potential impact of the new capability on NASA’s future expenditures for the mission set.  If the new concept offers the potential for substantial reductions in the cost of accomplishing future missions, then a business case can be made for expending NASA's critical R&D and acquisition dollars to achieve the enhanced capability and the system could be said to be affordable.  If, on the other hand, the new capability is not expected to support NASA's future goals and/or there is not a sufficient portion of NASA's projected budget to support the necessary expenditure, the concept could be said to be unaffordable.  This analysis must be made at the Enterprise level of NASA's organization, which has clear visibility of NASA's total mission objectives and resource allocation requirements. 

The Performing Center for the program is the organization that generates the affordability estimate for the program.  This affordability estimate is provided to NASA HQ as input into the POP, where it will be reviewed, and analyzed and become key input into the budget guidance provided back down to the Center.  This guidance becomes the program goal or ceiling.  The affordability estimate will also support the EAA review on whether the program should move to the formulation sub-process.  Consequently, the affordability estimates that NASA HQ is reviewing as part of their data set must be consistently developed, using the same process, data records, and data elements.

There are two primary ingredients to analyzing affordability.  They are (1) the portion of the available out-year funds that can be made available to support a given program, and (2) the potential cost by year of that program.  To be affordable, the potential or expected cost of a program must be equal to or less than the funds that can be allocated to that program in a given year.  Since the allocated funds are determined on a multi-person basis, and these allocations are influenced by the relative expected cost and benefits of a family of programs, there is a need for consistency in the basis of estimated costs and benefits.  For these reasons, it is suggested that the early cost analysis used to support budget development and affordability analysis or business case analysis adopt the same or similar format and structure as the cost analysis performed later in the formulation process.  The two elements that create similar format and structure are the CARD and CBS.

First, the CARD that is developed to support affordability or business case analysis will, of necessity, be limited in detail but it should contain all the major functions of the system and cover the entire expected life cycle.  As the program matures, the CARD and its related cost estimate will be updated, expanded in level of detail, and used to influence the emerging design and support arrangement.

Second, it would be useful to employ the standard CBS on later analyses if even at a very high level.  This will promote use of common CER and common tools over a longer portion of the system's life cycle.  It will also enhance tracking of the reasons or rationale for cost changes from program initiation through formulation and beyond.  

5.4.3 Building the Cost Breakdown Structure (CBS)

Programs, such as space launch systems, should have a standard, comprehensive CBS.  The initial estimate is organized using a common CBS, as it is a key building block for standardizing the cost estimating process.  Use of a standard or common CBS on all programs and in all stages of a program’s life has several advantages, as follows:

· Common definition of cost elements improves communication of cost issues over time and between programs.

· Common definition of cost elements improves data accumulation on predecessor systems for use on new systems.

· Common cost elements promotes use of the same or similar models on multiple programs.  This in turn promotes model longevity, maturity, and acceptance by decision-makers.

Because early cost estimates are prepared mainly using parametric models, only the upper levels of the CBS will be employed during the early phase of a program.  The cost for early years of formulation will be based heavily on heuristics or management judgment determined primarily on how this program fits within the program set of the enterprise and political support for the proposed program.  Each estimated cost for the out-year efforts will be imprecise due more to the uncertainty or risk associated with how the program will unfold than uncertainty in the models or available data.  Under this process, several models or methods may be required to provide a cost estimate for all relevant cost elements for all program years.

A person or group assigned by the PM at the beginning of the formulation sub-process should develop the program WBS under Program Office control.  It should be developed within the standardized CBS framework.  

One example would be structuring work packages for building a space launch vehicle’s engine.  The CBS for space launch programs is discussed in Section 4.0, and documented in Appendix C.  All engine production work packages should map under Level 3 (Vehicle Production) of the standard CBS, then to Level 4 under “Propulsion”.  This process standardizes the overall cost structure, yet allows a necessary flexibility, since the CBS is a fairly high-level structure.  

A program WBS developed this way is comprehensive and remains structurally similar from program to program and between centers.  This approach also avoids two problems.  First the WBS will not be structured to simply matching the output format of the current cost-estimating model.  Second, the CBS will cover the whole program and all required elements, not just the portion of the program currently under design.

5.4.4 Development of the Cost Analysis Requirements Description (CARD)

Concept definitions are assembled by the program or project team, and should then be documented in a CARD, developed by the Program Office.  The Program Office should develop one CARD for each concept that will have a cost estimate, although some alternatives may be similar enough to initially use the same CARD data.  It is recommended that contractors be required to use the CARD format as well as the CBS structure when developing NASA concepts.  In general, the CARD information covers all elements of the WBS, including system information, schedule, risk, acquisition strategy, and program development plans.  Detailed CARD data requirements are clearly documented in Section 4.2.3, and in greater detail in Appendix H, of the NASA Cost Estimating Handbook. 

Instructions for completing the CARD imply that a great deal of data is required to define the system for cost analysis.  In fact, to begin a consistent process, the CARD can and should be used to capture even the most primitive definition of a concept.  The initial CARD sets the criteria for developing the initial cost estimate, which, if approved, will become the BCE.  It becomes the key reference document for a basis of estimate.  Using the CARD system will make review of the various concepts simpler, since the BOEs will be more standardized. 

For example, CARD data for a space launch program such as 3rd Generation, must cover data elements such as reliability, maintainability, and the support concept for every viable concept, because they are standard CARD elements.  Consequently, when reviewing costs that link estimates to these operational elements, reviewers will check the CARD, knowing it is required to cover these data elements.  Although the CARD may initially contain only very basic descriptions for some data elements, or even blank data for other data elements, it is an evolutionary cost database as illustrated in Figure 6. 
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Figure 6.  CARD Development

As system concepts expand through design and management changes, CARD data is adjusted to become the basis for the updated cost estimates, with routine data updates written into policy as part of concept design procedures.  CARD data for viable concepts should be updated prior to the preliminary approval process early in the formulation sub-process, and the review to obtain approval to proceed to the implementation sub-process.  In addition, it is recommended that the CARD be updated prior to any formally scheduled PM reviews.  CARD data and related cost estimates from concepts that are eliminated are archived in program files.  

5.4.5 Building a Baseline Cost Estimate (BCE)

The Program Office decides which concept requires cost estimates.  These concepts may be contractor-developed or developed internally by the Center’s design team.  Once assigned, actually building the BCE is a multi-step process, using the standard procedure for cost estimating described in the NASA Cost Estimating Handbook as a basic framework.  Using this procedure for the cost and cycle time estimating process over time on or between given programs and projects will facilitate efficient use of data and development of models.  It will also improve cost and cycle time estimating in program management.  Figure 7, which illustrates the framework as discussed above, was taken directly from Exhibit 4.2 of the Handbook.


Figure 7.  NASA Cost Estimating Process Overview 

(Source: NASA Cost Estimating Handbook)

The process described in this Operations Cost Handbook emphasizes task 12 of the NASA Cost Estimating Handbook, "Update Customer's Estimate on a Regular Basis".  This guide explains how to keep the updates consistent and useful.

Given that a budget is approved for the new system and the formulation process is initiated, further cost analysis will be undertaken as part of the formulation process.  Initial cost estimates are developed internally by the Center Cost Analysis Office (CAO), normally located under the System Management Office (SMO), using historical archived data, often contractor estimate data, the CBS/WBS structure, and CARD data.  Additionally, the estimators know their budget constraints, which were provided by NASA HQ through input based on the pre-formulation affordability estimate.  Once the decision is made to move the program into the formulation stage, concept development begins to move from assessment of broad technologies, to concept definition of the system at some level of detail.  

The Program Office will decide the concepts that will be developed further and estimated.  If these are contractor-developed concepts, they usually have an existing cost estimate that becomes part of the database.  Additionally, the design team, including the cost estimators, will develop several concepts internally.  For instance, within the space launch program, MSFC teams will develop estimates based on changes to characteristics on a reference vehicle.  Once the Program Office identifies the concepts, the CAO estimators develop the estimate.  This is done as a member of the overall Performing Center design development team.  

The team sets standard ground rules and assumptions, which are used by in-house estimators and contractors alike, and begins to develop the estimate using the WBS and CARD developed by the Program Office.  This initial cost estimate will be generated very early in formulation using a variety of cost analysis tools or models ranging from simple spreadsheets to parametric tools such as SEER or PRICE, and expert opinion.  Using these tools, the team will assess discreet issues relative to the program.  For example, a Front End Analysis (FEA) may be conducted to determine which aspect of launch operations drives the operational cost for systems of this type.  Details on launch operations cost estimates are presented in paragraph 5.5.

An important part of the cost process for many NASA programs, particularly the space launch programs, is cycle time estimating.  The initial definition of the system requirement documented in the initial CARD provides the basis for a preliminary estimate of cycle time.  This preliminary estimate in turn becomes an important input to the BCE because it helps determine the number of vehicles required to support the mission.  Details on cycle time estimating methods are presented in paragraph 5.6.

Costs are developed through data collection and analysis and mapped to the WBS.  The Performing Center CAO develops the cost estimate by integrating cost data from a variety of sources.  For instance, the CAO can get operational data from sources such as Kennedy Space Center (KSC) logisticians, propulsion data at Marshall Space Flight Center (MSFC), and airframe/thermal data from Langley Research Center (LRC).  Each part of the estimate is used to aid in the design process as well as help build the system estimate.  

In the formulation stage of program development, parametric analysis is the predominant cost estimating approach.  This is because of the limited engineering definition of the system in the early stages.  CERs are developed based on previous launch systems and used to estimate LCC at a macro level.  This macro cost estimate is useful for establishing the BCE and/or for inputs to the budget process.  The cost estimates based solely on CERs are not very useful for making detailed assessments of detailed design or support options.  In order to support detailed design, operations, or support trade-off analysis, it is necessary to express cost in terms of the detailed design, operations, and support issues.  This can be accomplished by employing engineering estimates or by analogous cost estimating.  

Engineering estimates require extensive details about the system, its operation and support, and comprehensive analysis tools that work at the engineering data level of detail.  This is not usually practical at the beginning of program formulation.  Analogous cost estimating can provide a useful technique for identifying cost drivers early in the formulation stage of a program's life cycle.  An analogous cost estimate is built up by using actual cost data for components of existing or previous systems that are similar in characteristics to the functions of the proposed system.  Appropriate adjustments are made to the predecessor system component cost to compensate for new technology, differences in use, and/or differences in support concept.  Cost data generated in this way can be examined in sensitivity analysis to determine the potential impacts of design, use, or support arrangement changes in cost.  While this approach is generally not as scientific or accurate as parametric analysis, it does provide useful design related insights at a modest cost.

If approved, the initial estimate is documented as the BCE for the concept and addresses the full life cycle of the system.  The BCE may undergo dramatic changes over the program life cycle, but it remains the baseline.  All changes to the BCE should be documented as the estimates are revised, or estimates become actual costs, in order to maintain a comprehensive and accurate record of the estimate changes and rationale for those changes.  The concept BCEs are summarized, consolidated, and serves as the basis for budget input covering the first five years of the program.  

5.4.6 Estimate Refinement

Within a given program, there will be competing design, operations, and support concepts.  Initially there will be major differences in design alternatives.  As the design matures, variations at the system concept level will decrease and options at lower levels within a selected concept will be of interest.  It is essential that the cost estimating process be structured to evolve as the system matures. 

The initial program emphasis is usually on evaluating competing system concepts.  For these evaluations it is important that the same or compatible ground rules and assumptions be used for all cost estimates.  It is also useful to use the same or similar tools and CBS arrangements in order to have meaningful comparisons.  An output of these evaluations should address the affordability over time of each concept, the LCC, the cost drivers for each concept, as well as the factors that contribute to cost risk for each competing concept.

As the concept matures, the focus of cost analysis moves down to detailed design, operations, and support options.  This requires expansion of the CBS to lower levels of detail and the use of models or tools that operate at lower levels of detail.  Each lower level will lead to decisions that result in changes to system cost.  It is important to have a process in place that captures these decisions and related cost and updates the system cost estimate.

When a single concept or small sets of concepts are updated, the Program Office modifies their CARD to describe that concept or set of concepts.  The CARD is maintained as the current definition of the system by incorporating approved system changes or new economic realities such as inflation rates.  As changes are incorporated in the CARD, the cost analysis section modifies the cost inputs and revises the current estimate.  Routinely, the current cost estimate is compared to the baseline for the period.  This allows the PM and development team to have clear visibility on how the program is progressing in meeting its cost goal and budget.

As the program matures, the cost estimate is expanded in detail and increases in precision due to improved estimates at the cost element level.  The CARD data has expanded considerably.  These data are the baseline for developing and documenting basis of estimating for the various costs.  The cost team, in coordination with the Center Business Office incorporates external contributions into the cost estimate.  Reserve allocations are developed to assist with appropriation changes or contingencies.  If industry quotes are received for elements of the WBS, the cost element estimates for those work packages are replaced by accepted quotes with appropriate risk factors included.  Later in the program life, as actual costs are recorded, they are included in the estimate as replacements for estimates or quotes.

Changes to a design concept are evaluated relative to the BCE.  When a single concept is selected, the cost estimates for that concept becomes the current program cost estimate.  The BCE is maintained with adjustments for changes in requirements and/or technology advances.  The current cost estimate is used for follow-on adjustments to the budget and for program management purposes, but it is continually compared to the adjusted BCE.  The difference between the BCE and current cost estimate is a measure of achievement of the program team.

When reviewed and approved by the PM, a revised estimate becomes the updated BCE and is used to revise the budget input.  The model set used to prepare this revised cost estimate will include tools at increasing levels of detail.  For example, as the system definition becomes more defined, models such as RMAT become an important input to manpower requirements to support launch operations.  The same WBS, based on the standard CBS, is used at expanded levels of detail to perform the various iterations of the cost estimating process.

5.4.7 Cost Estimation Review

There are two primary categories of cost review during concept definition.  Both must be supported by cost estimates appropriate to the maturity and scope of the program at that point.  The first type is an internal PM review of the contractor and in-house (or advocate) estimates.  The second type of review is the external NAR or at some centers, an Independent Assessment (IA).  For the space launch programs, one NAR occurs early in formulation on advanced concept review.  This is done after basic program documents such as the program plans and a draft Systems Concept Document are developed.  This NAR is part of the preliminary program approval review performed by the PMC.  The other review is a NAR performed in support of the program approval to move to implementation, which is conducted by the PMC at the Performing Center (or at NASA HQ, depending on the program structure).  Both the NAR and the IA include a review of Life Cycle Cost (LCC).  In-house and external reviews, along with their associated criteria, are discussed in more detail in the following paragraphs.  

5.4.7.1  In-House Estimate Reviews and Criteria

In-house estimate reviews are done at the discretion of the Program Office, and may include review of contractor input.  Each major concept update requires an acceptance decision.  Each review of data prior to a NAR requires PM acceptance of cost as part of the whole concept.  The PM must take into account overall budget constraints, risk, and cost realism, reviewed as one requirement of the overall design requirements.  These PM reviews are the key to successful concept selection and success at the NAR/program approval reviews.  

In early formulation, the PM should review estimates for approval/disapproval based as a minimum on the following criteria:

· Ensure the cost estimate indicates that the candidate system is affordable, based on the affordability estimate and preliminary budget data from NASA.  To determine this, the PM must review the estimate to ensure it is compatible with the budget.  The PM should be aware that a primary difficulty in cost and/or cycle time estimation in this early stage is decision-maker demand for unrealistic precision that is above the state-of-the-art given concept definition fidelity.  Clearly defining the decision criteria and demonstrating that the precision available supports those criteria may mitigate this difficulty. 

· Review the probability that the cost estimate is within a realistic range, as opposed to an accuracy range. To do this requires that the level of precision be such that the cost and cycle time estimates be representative of the expected value and be consistent relative to other options.  A high-level risk assessment is also important at this point, based on the risk assessment already documented in the CARD.  Examine the estimate to see that the ‘typical’ factors that cause cost to be exceeded have been identified, how they relate to each other, and the magnitude of the risk that they represent.  This will assist the PM in identifying estimates that are unrealistically optimistic in areas such as technology assessment, schedule, or general support requirements.


· Ensure the cost estimate is completed at the level and precision needed to influence the current stage of the design.  Has the estimate identified the cost drivers in the system, and does the estimate adequately address these drivers?  Early estimates should reflect the nature of decisions being made at an early stage, and need only distinguish between early level alternatives.  For example, it is appropriate to estimate the difference in cost between major propulsion alternatives, but not to provide the cost of a specific supplier’s system.  The first estimate helps the PM make major concept decisions appropriate at this design stage, while the latter provides data that would not be needed until vendor selections are being considered.


Later in program formulation, the PM should review estimates for approval/disapproval based as a minimum on the following criteria:


· Ensure the cost estimate is comparable to other estimates, notably the ICE, and between the various contractor estimates.  The reason for major differences between estimates should be clearly understood and explained as part of the review.  CARD data should assist in this review and, at this point, the CARDs should document major system, management, and support data.


· Ensure the cost estimate has an acceptable level of cost risk as detailed in the CARD.  At this point, the areas of cost risk addressed earlier should have been reduced to a manageable level, and this reduction documented and reflected in the estimate.  


· Review the level of accuracy in the estimate by reviewing the basis of estimate for the various costs comprising the overall estimate.  The basis of estimate should be based on updated CARD data.  


· Ensure the estimate meets NAR requirements, to include funding resource requirements, reserve allocations, workforce, and infrastructure requirements, risk assessment, and external contributions such as partnering.

5.4.7.2 External Reviews and Criteria

As previously stated, external reviews normally occur twice during large program formulation, particularly for many large programs such as the space launch programs.  The first review occurs early in formulation to determine preliminary program approval.  The other review occurs as part of the program approval process to move into the implementation phase.  These external reviews consist of a NAR or IA, and the PMC review on the program’s readiness to proceed.  The Independent Program Assessment Office (IPAO), a Headquarters organization, conducts the NAR.  

The Program Manger’s estimate is reviewed externally against an ICE, developed outside the program by the IPAO.  The focus, or criteria, for the review is the thoroughness and realism of the cost estimate, including estimated reserve requirements.  The cost estimating process used so far, including internal PM reviews, use of coherent CARD data, and costs developed with sound, documented estimates should make the external reviews more efficient and successful.  

Estimating problems, questions, and issues identified by the NAR team and the PMC must be corrected by the Program Manager.  If the cost estimate must be revised, the iterative cost/design process, discussed in the estimate refinement section, is used and the updated estimate provided to the Program Office and the PMC.  


A successful late formulation review moves the program, including its associated cost estimate, into the implementation sub-process and basically out of concept definition. 

5.4.7.3   Cost Process Migration 

Figure 8 depicts the migration of the cost estimate over the life of a program or project.  As shown in early formulation, there are many competing concepts.  In this period, initial budgets are formulated and program executives are expected to make reasonable determinations between competing alternatives and/or sources.  Preliminary decisions are made on the potential number of systems required, the likely number of missions each system will perform over its useful life, and the impacts of requirements on potential system cost and cycle time.

During late formulation and early implementation when the system is being developed, cost and cycle time estimates are made on a limited number of concepts with multiple design and support options.  The nature of the issues at this stage require substantially greater fidelity in the estimates and, therefore, greater detail.  For example, comparison of engine alternatives requires estimates of the engine cost rather than simply the propulsion function.  Models used in this stage must accommodate greater granularity of input data in order to provide greater granularity of output.  Generally, these models require more time to load and operate.  This, in turn, requires more time between raising an issue and getting a response.  This time delay can frustrate decision-makers and may, on occasion, result in decisions being made without the benefit of suitable cost and cycle time estimates for competing alternatives.  Establishing a cost and cycle time analysis environment that grows and matures with the system can minimize this difficulty.  The use of a common CBS will greatly facilitate development of an effective cost and cycle time analysis environment.


Figure 8.  Cost Estimating Process Migration

As the implementation process matures into operations, and support cost estimating transitions to detailed cost accounting, actual costs begin to replace estimates.  At this point, actual costs become the basis for predicting the expected future cost of operations and support, as well as the basis for justifying modifications to the system.

5.4.8 Measuring Cost Performance

The systems engineering and design communities are accustomed to managing performance of a system over time.  Setting and allocating performance objectives, thresholds, and margins with the realization that these will change as the design matures are common practices.  A similar concept can be applied to cost and cycle time by defining these as performance criteria.  Cost, with associated cycle time input, is a major program goal.  It is established early in formulation through input such as the affordability estimate.  The PM must meet this goal.  In order to do so, he/she must allocate the program costs, and manage to those allocations.

Responsibility for generating and meeting cost goals for a program rests with the Program or Project Manager.  However, a wide range of experts in carrying out this responsibility who require cost visibility supports the PM.  The cost analysts at each center provide expertise on the methods and tools for cost estimating.  Scientists and engineers supporting the programs provide the technical expertise on the system or concept and verify the reasonableness of estimates.  Cost analysts to generate the actual estimates in turn, use these data.  Figure 9 provides an overview of the process of providing continuous cost visibility.
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Figure 9.  Continuous Cost Visibility


All members of the development team must have access to and use the output of the cost estimating process.  By placing the current estimate in a relational database with pre-built and ad hoc query capability, current cost data is made available to all team members on-line.  Team members may then compare allocated cost goals to current estimates and directly assess their progress against the program or individual goal and initiate appropriate action.

Under the suggested concept, a more constructive process may replace the current practice of independent cost estimating.  The new process may permit transition from an ICE to an independent cost audit.  Under this concept, the evaluator would review and evaluate the basis of individual cost elements rather than accomplish a completely new estimate.  Since the roll-up of cost at any level will be accomplished by standard queries operating from a standard structure, the only open issue will be validity of individual cost element estimates.

5.5 Launch System Operations and Support Cost Estimating

Meaningful estimating of the operation and support cost of the launch system during early stages of system development presents unique challenges for the estimator.  Perhaps the greatest challenge is the wide range of combinations of system design concepts and potential mission mixes that could be experienced.  Each system concept and mission mix has its own cost.  Even if individual system concepts and mission mix costs are accurate, the most likely cost of operation is dependent on selecting the "correct" design and mission mix.  The cost analyst has little or no influence on neither the selection of system concept nor the mission mix.  Therefore, the cost analyst has limited potential for finding the "correct" cost estimate.  The cost analyst does have a potential for defining the relative cost of various system concepts and mission mixes and the relative importance of contributing factors or cost drivers.  For these reasons, the process suggested in this section will focus on establishing representative cost estimates of launch system operations and support and identification of cost drivers.

5.5.1 Launch System Functional Definition

The launch system, as defined in this process description, consists of 12 spaceport functions.  The Spaceport Synergy Team describes these 12 functions in detail in “A Catalog of Spaceport Architectural Elements with Functional Definition”, October 1997, prepared.

The 12-spaceport functions are:

1. Payload/Cargo Processing Facilities

2. Traffic/Flight Control Facilities

3. Launch Facilities

4. Landing and Recovery Facilities

5. Vehicle Turn Around Facility

6. Vehicle Assembly/Integration Facilities

7. Vehicle Deport Maintenance Facilities

8. Spaceport Support Infrastructure Facilities

9. Concept Unique Logistics Facilities

10. Transportation System Operations Planning and Management

11. Expendable Element Facilities

12. Community Infrastructure

5.5.2 Baselining Launch System Operating Cost

As shown in Figure 10, early concept formulation is typified by a wide range of system concepts, potential mission mixes, and support concepts.  Some of the systems may have been prepared by different organizations competing for system go-ahead.  The objective of cost estimating under these conditions is to provide meaningful and consistent input to the decision and design process related to cost.  To meet this objective, it is essential that the O&S cost for all competing concepts be evaluated using the same CBS, consistent ground rules and assumptions, the same estimating methodology, and, to the extent possible, the same models.
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Figure 10.  Components of Early Operating Cost Estimates

It is also suggested that an O&S cost baseline be established for each system concept under consideration.  The O&S cost baseline should be established using a defined annual payload profile that is the same for each system concept and a nominal support concept selected to favor each concept.

The initial O&S baseline cost estimate should be prepared using Cost Estimating Relationships (CERs) developed or approved by the NASA IPAO.  Table 2 provides a sample of the cost elements for each of the 12 spaceport functions and potential parameters to be used in developing CERs.

The O&S baseline cost estimated is developed by applying the appropriate values to the CERs for each of the 12 spaceport functions, calculating the cost for each function and then summing the cost for all functions.

Table 2.  Launch System Operating and Support CERs

	
	Spaceport Function
	Cost Elements
	Parameters

	1
	Payload/Cargo
	Labor, Material, Facilities
	LB/YR, FT3/YR, $Value/YR

	2
	Traffic/Flt. Cont.
	Labor, Facilities
	LOGW, MIS/YR, Human, $Value/YR

	3
	Launch Facilities
	Labor, Mat, GSE, Facilities
	LOGW, MIS/YR, FT PNT, V/H

	4
	Landing/Recovery
	Labor, Mat, GSE, Facilities
	LDGGW, MIS/YR, FT PNT, Human, V/H

	5
	Vehicle Turn Facilities
	Labor, Mat, GSE, Facilities
	LOGW, FT PNT, MIS/YR, V/H

	6
	Vehicle Assembly/Int Facilities
	Labor, Mat, FSE, Facilities
	LOGW, FT PNT, MIS/YR, V/H

	7
	Vehicle Depot Maintenance Facilities
	Labor, Mat, GSE, Facilities
	LOGW, FT PNT, MIS/YR, $Value/Veh

	8
	Spaceport Support Infrastructure
	Labor, Mat., Facilities
	LOGW, FT PNT, MIS/YR, $Value/Veh

	9
	Concept Unique Log Facilities
	Labor, Mat, GSE, FAC
	LOGW, FT PNT, MIS/YR, $Value/Veh

	10
	Trans. System Operations Plan & Management
	Labor, Facilities
	LOGW, MIS/YR, $Value/YR, Human

	11
	Expendable Element Facilities
	Labor, Mat, GSE, Facilities
	Exp GW, MIS/YR

	12
	Community Infrastructure
	Labor, Mat, Facilities
	LOGW, MIS/YR, FT PNT, $Value/Veh


Legend:

	$Value/Veh
	Dollar Value of Assembled Launch Vehicle

	$Value/YR
	Dollar Value Per Year

	Exp GW
	Expendables Gross Weight per Mission

	Fac
	Facility

	FT PNT
	Footprint or Ground Space (FT2)

	FT3/YR
	Cubic Feet of Payload Per Year

	GSE
	Ground Support Equipment

	Human
	Involves Humans in Space (yes/no)

	LB/YR
	Pounds Payload Per Year

	LDGGW
	Landing Gross Weight

	LOGW
	Lift Off Gross Weight

	Mat
	Material

	MIS/YR
	Mission Per Year

	V/H
	Vertical versus Horizontal Launch or Recovery


While the suggested cost estimating approach will provide a consistent approach for comparing alternative system concepts, it will not provide adequate insight into the design characteristics or support concept arrangements that have the greatest impact on O&S cost.  To overcome this shortfall, a second and complimentary cost estimating technique is suggested.  The suggested approach is referred to as Front End Analysis (FEA) and was designed specifically to provide early insight into the cost drivers of O&S cost before the system design is defined.  The FEA process relates directly to the Systems Engineering process in that it uses the same functional analysis to describe a system that performs the intended function of the system.  For each function or sub-function, an analogous piece or set of equipment is used as a stand-in for the proposed systems functions.  The actual values of design parameters for the analogous equipment are input to standard support cost algorithms used in common accounting type models.  A separate set of algorithms is used for each function.

The expected nominal use rate and favored support concept are used to calculate the nominal O&S cost over the system life.  Sensitivity analysis is then performed on the system parameters, the use profile, and the support concept to determine the parameters that, if changed a reasonable amount, will drive O&S cost for each of the 12-spaceport functions or for the launch process as a whole.  Insights gained from this process are fed back to system and support concept formulation to enhance design.  Results of the initial FEA are not used directly to update the baseline O&S cost estimate.

As the system concept matures, engineering estimates for the system and support concept parameters replace the analogous values used in the accounting-based FEA model.  The output of these analyses is used to update the O&S cost baseline estimate.  Application of this process is graphically depicted in Figure 11.
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Figure 11.  Relationship of CER and FEA

The CBS for both processes remain consistent in structure but the accounting model increases in level of detail as the concept matures.

5.6 Cycle Time Estimating Process

Cycle time is defined as the total calendar time required from recovery from a space mission to launch of a subsequent mission for the same launch vehicle.  It excludes any period of "dead time" resulting from lack of a planned mission.  It includes the incremental time of each of the 12-spaceport functions identified in paragraph 5.5.

The process for estimating cycle time early in the formulation phase is similar to that described for estimating O&S cost in the same phase.  Minimum cycle time may be constrained by physical characteristics of the system such as physical limitations on moving or servicing the launch vehicle.  Beyond the absolute minimum, expected cycle time is a function of the concepts of maintenance and servicing employed and resources committed to expediting turn around.  For example, inspection of the thermal protection system may take hundreds of labor hours.  The process may be expedited by increasing the labor pool, applying advanced technology or improved facilities or ground support equipment.  There is a cost trade-off to be accomplished between overall system cost of operation and how close actual cycle time approaches the 

minimum cycle time that is physically possible.  Supporting this trade-off requires tools that are more sophisticated then simple ratios with predecessor systems.

In the early portion of the formulation phase, it is important to have a representative estimate of cycle time in order to project the quantity of launch vehicles necessary to support the nominal mission profile.  The representative cycle time estimate should be the nominal value that can be expected over the useful life of the system.  It should not be the minimum possible time or the time that will be experienced on the first several missions.

Estimating the processing time for each of the spaceport functions is a workflow or industrial engineering problem.  A detailed or precise estimate requires application of an industrial process flow model.  This, in turn, usually requires an extensive amount of precise data about the vehicle and the flow process.

The cycle time can be approximated by Cycle Time Estimating Ratios (CTERs) in a fashion similar to CERs used in paragraph 5.5 to estimate cost.

The advantages and shortcomings of using CTERs are similar to CERs.  One advantage is the ability to obtain a consistent estimate of cycle time when little is known about the launch vehicle.  This is important for early comparison of launch vehicle concepts.  The disadvantage is that CTERs generally are not sensitive to variations in neither technology nor support concepts.  CERs based on predecessor launch systems are based on technology and concepts that are 20 to 30 years old.  For these reasons, a dual track process for estimating cycle time early in the formulation phase similar to the O&S cost estimating method is recommended.

The initial Baseline Cycle Time Estimate (BCTE) is performed using CETRs.  Table 3 provides a list of parameters that directly contribute to cycle time for use in preliminary estimates.  Each of the spaceport facilities requires its unique CETR.  The sum of the processing time for all functions is the cycle time for the system.  Use of a common set of CTERs for initial estimate of cycle time for all competing system concepts promotes comparability of cycle time estimates.  It will not provide insight into the potential for improvement in cycle time resulting from advanced technology or effective industrial engineering and logistics practices.

Table 3.  Launch System Cycle Time Parameters

	Spaceport Function
	Cycle Time Parameters

	3
	Launch Facilities
	LOGW, FT PNT, Human, V/H

	4
	Landing/Recovery
	LDGGW, Human, V/H

	5
	Vehicle Turn Facilities
	LDGGW, Human, V/H

	6
	Vehicle Assy/Int. Facilities
	LOGW, FT PNT, Human, V/H


All other spaceport functions can be forced out of the critical path at some cost.

As with O&S cost estimating, refinement of system design or ground operating practices to improve cycle time requires further analysis.

The set of launch vehicle, mission profile, and support concept parameters used to perform the Front End Cost Analysis provide the basis for calculating a processing time for each spaceport function.  These data are used to calculate the nominal flow time for each function using a set of industrial engineering flow time algorithms.  The result is an estimated flow time for the analogous set of equipment when operated and supported in accordance with the selected baseline mission profile and support concept.  Sensitivity analysis on the input parameters provides insight into the parameters that most directly impact cycle time for the system concept under consideration.

As the system concept matures, the analogous parameter values are replaced by engineering estimates for the new system.  Re-running the industrial engineering model with the engineering estimate provides a basis for revising or replacing the BCTE.

A number of models are now under development to support cycle time estimating.  Some preliminary work has been done by KSC to develop CTERs for modern launch systems based on Shuttle experience.

There are three tools under development for use in analyzing the impacts of support arrangements and spaceport configuration on cycle time (refer to appendix A for a more detailed description).  They are:  

· GEM-FLOW – A means of discrete event simulation of the spaceport functions

· TEAMS – A means of simulating various spaceport functions with animation capability

· CORE – A commercial software that can be used to model specific spaceport functions

5.7 PROCESS OPERATION AND MAINTENANCE 

A program or project estimate must be continuous over the program life, and must continue to provide useful insights to team members.  Thus far, in the guide, it has been established that cost and cycle time estimating are best established through a standard process, using standardized data elements, tools suitable for a sub-process with limited data and a baseline estimate that is updated and documented for the life of the program. 


As the program moves through formulation and into implementation, the range of feasible alternatives decrease and the definition of those alternatives increase.  However, there is still a critical need to identify pertinent cost issues early, in order to correct them before correction costs become prohibitive.  Issues and cost drivers must still be identified in order to build successful options.  As definition increases, cost estimators must migrate to tools that relate specific design characteristics of the new system to the cost of elements of the system.  As new cost elements are estimated, existing cost estimates are revised.  They are inserted into the composite CBS and are periodically rolled up to a system cost.  Control of the revised estimates, along with related basis of estimates are essential to maintaining the credibility of the system cost estimate.  

For each suggested change in the requirements, design, use, or support arrangement, there must be an assessment made of the impact of the change on cost.  This cost assessment accompanies the suggested change through the change review process.  When the change is approved, the cost assessment is updated and incorporated in the formal cost estimate for the system by modifying the cost estimate for appropriate cost elements.  During implementation, this becomes part of the formal configuration control process.

By maintaining the cost estimate over time, the need for a fresh start cost estimate at major decision points are eliminated and continuous cost visibility is provided to the development team.  Independent cost estimating can then be focused on validating the changed cost elements and their supporting rationale.

5.8 Process Summary

Fundamentally, the capabilities exist within NASA to estimate costs.  This cost process will provide NASA with a standard, consistent process for cost and cycle time estimating.  The CBS will create a broad framework, which may be expanded to lower and lower cost structure levels as the system design progresses, Using a standard CBS, at a designated level, to gather data from all contributing Centers ensures cost estimates are uniform and supportive.  The CARD will capture program data as it evolves from the BCE, providing managers with a solid history both for the initial cost estimate and in the rationale for changes to the estimate.  These consistencies in estimating will, in turn, create consistency during reviews and will allow development of a standard historical database and estimating tools with cost elements that have an historical base.  Ultimately, the process will allow managers to identify and focus on cost drivers/issues, and allow design engineers to identify those system attributes that require attention to reduce or mitigate excessive costs.

Appendix A

Compilation of Models and Tools
Compilation of Models and Tools


This appendix is a compilation of key tools and models available to the analyst for use in the early definition stages of space launch programs and projects.  The listing includes information on each tool and model, without regard to the utilitarian value of the tool.  However, key O&S tools have already been assessed recently in two NASA documents.  

The first document is a report titled “KSC Inventory of Applicable Operational Assessment Tools 2001 Report – ‘Final Report, Operations Assessment Tools 30 September, 2001’”.  It assesses the metrics on key operational tools using a matrix that identifies input parameters required by the program or alternately output generated by the program.

The second document is a report titled “Launch System Operations Cost Model (LSOCM) Requirements Analysis Report”, dated 16 November 2001, prepared by ALE for Marshall Space Flight Center under Contract No. H-3458D.  This report provides an assessment of whether existing/in-development operational tools met NASA requirements as defined by managers across the usage spectrum.  
Architectural Assessment Tools-enhanced (AATe) – This tools is designed to focus on vehicle processing cost and cycle time estimation, landing to launch.  The model is organized to be compatible with the classical modules of the launch process in order to provide visibility into the cost by module.  A simple top-level Graphic User Interface (GUI) enables the analyst to evaluate the new concept in terms of classical characteristics and to weigh the importance of each characteristic.  The model uses this data to estimate the cost of operations and the number of launches necessary to achieve a desired payload to orbit rate, an indirect indication of cycle time.  The tool is structured to enable an experienced operator to access lower levels of detail.  This tool is the tool of choice for KSC performing Space Launch Initiative assessments. 
Automated Cost Estimating Integrated Tools (ACEIT) – These tools provide an architecture and framework for cost estimating and other analysis tasks.  ACEIT helps analysts store, retrieve, and analyze data; build cost models; analyze risk; time phase budgets; and document cost estimates.  ACEIT is a government-developed tool that standardizes and simplifies the Life Cycle Cost estimating process in the government environment.  ACEIT's core features include a database to store technical and (normalized) cost data; statistical package specifically tailored to facilitate Cost Estimating Relationship (CER) development; and a spreadsheet that promotes structured, systematic model development, and built-in government approved proven inflation, learning, documentation, time phasing, sensitivity/what-if, risk, and other analysis capabilities.  ACEIT integrates all the necessary cost estimating functions but allows you to enter the process at any level.  In addition to the core features, ACEIT has several integrated tools including: 

· Automated Cost Database development, search, and retrieval (ACDB) 

· Statistical analysis (CO$TAT) 

· Automated Information Manager for building CER libraries (AIM) 

· Automated Cost Estimating, model creation and documentation (ACE) 

· Risk analysis (ACE/RI$K) 
· Operation from Excel and interfaces with other tools (ACEIT Executive) 

· Custom Inflation Indices creation (Inflation Editor) 

· Functions to obtain BY and TY OSD Inflation factors from any Excel spreadsheet (Inflation/Utility) 3


Advance Missions Cost Model (AMCM) – This is a simple online advanced missions cost model that provides a useful method for quick turnaround, rough-order-of-magnitude estimating.  The model can be used for estimating the development and production cost of spacecraft and space transportation systems.  This is a very simple model with only a few inputs such as an estimated system weight (empty), expected technical difficulty, and expected Initial Operating Capability (IOC). 1

Airframe Cost Model – This is a simple on-line model for estimating the development and production costs of aircraft airframes that is suitable for use in a program’s conceptual stage when little detailed information is available.  The model provides separate CERs for major cost elements such as non-recurring engineering and tooling, development support, recurring manufacturing labor, and recurring quality assurance.  Data was derived from 13 different aircraft between 1960-1978.  The airframe cost covers the cost of the assembled structural and aerodynamic components of the air vehicle, but does not include training, support equipment, data, and spares.1
Best Estimate – A tool designed to estimate renovations and remodels if needed for new systems.  The tool will model each project from a cost perspective and prepare a description of the work included in the price.7
Cost Analysis Strategy Assessment (CASA) – This tool is a LCC decision support tool.  CASA can calculate the total cost of ownership depending on user selections, including RDT&E, production, and operating/support costs.  CASA covers the entire life of the system, from its initial research costs to those associated with yearly maintenance, as well as spares, training costs, and other expenses.1

CoCoPro – CoCoPro estimates resources needed to complete a software development project.  Using a set of exponential equations, the program produces both development cost and schedule estimates for a system based on lines of code, cost per month, and 15 project parameters.  The modifiers cover personnel experience and capabilities, project complexity, product factors, and hardware limitations.8



C Risk (Cost Risk Analysis Tool) – An analytic risk analysis package (not Monte Carlo simulation) that provides best estimate, standard error of estimate, and the percent of new technology with minimal inputs.9


Constructive Cost Model (COCOMO II) – A model that allows estimation of cost, effort, and schedule when planning a new software development activity.  The implemented tool provides a range on cost, effort, and schedule estimates, from best case to most likely to worst case outcomes.  It also allows a planner to easily perform “what if” scenario exploration, by quickly demonstrating the effect adjusting requirements, resources, and staffing might have on predicted costs and schedules (e.g., for risk management or job bidding purposes). 10

COOLSoft tm – This model utilizes a hybrid approach of intermediate and detailed versions of the Constructive Cost Model (COCOMO), which allows for the reuse of existing code, development of new code, the purchase and integration of third party code, and hardware integration.  The output is then displayed as man-months of programming effort, calendar schedule, support costs and hardware costs.1

Conceptual Operations Manpower Estimating Tool/Operations Cost Model (COMET/OCM) – This model was developed for the Marshall Space Flight Center (MSFC) in 1994.  The model is built on shuttle and ELV operations data, and enables the user to estimate the operations cost of shuttle derivatives, crewed reusable vehicles, unmanned reusable vehicles, crewed expendable vehicles, and unmanned expendable vehicles.  COMET, which stands for Conceptual Operations Manpower Estimating Tool, estimates manpower requirements for two key elements: vehicle processing and flight planning.  The Operations Cost Model (OCM) takes this manpower estimate, applies ratio factors, labor, and overhead cost factors, and performs other calculations to yield a total vehicle operations and support cost estimate.2

CORE - Commercial system engineering tool from Vitech, which helps provide product and process engineering solutions.  Used by NASA, this tool is for discrete event modeling.  The CORE product family provides a flexible combination of modeling and simulation tools supporting product and process engineering.  CORE's object-oriented environment delivers the same functionality from a single user workstation to large, distributed, client-server teams. 20
COSMIC – A database of over 810 computer programs that were originally developed by NASA and its contractors for the U.S. space program.1 Previously run by the University of Georgia Research Foundation, the data has been transferred to Open Channel Software.  This company has entered into an agreement with the National Technology Transfer Center (NTTC) to publish approximately 500 programs in the existing COSMIC software collection at their Internet site http://www.openchannelfoundation.org/cosmic.11
Cost Xpert – This is a software-costing tool, which calculates information including project costs, schedules, tasks, deliverables, maintenance, and support requirements.1

COSTIMATOR – This model provides computerized cost estimating and process planning for manufacturing.1 Manufacturing data, standards, and extensive databases are used to produce cost estimates and process plans.  The model has the ability to do instant estimating through its IQBuilder Database, consisting of parametric calculations that provide manufacturing times and costs.  When limited data is available, the model can calculate time and cost per piece to manufacture based on historical data.16

Crystal Ball – Crystal Ball is a simulation program that helps you to analyze the risks and uncertainties associated with Microsoft Excel cost spreadsheets.  Crystal Ball automates the cumbersome “what-if” process using Monte Carlo simulation, by applying a range of values or a probability distribution to each uncertain variable in a spreadsheet.  The program generates random values from within the defined probability ranges, and then recalculates the model literally hundreds or thousands of times, storing the results of each “what-if” scenario.  Analysis probabilities are graphed by the model.12
Decision Tools Suite (@RISK, BestFit, TopRank, Riskview) – This is an Excel based suite of tools for analyzing decisions and risk, which work together.  @RISK is a spreadsheet add-in for Risk Analysis that lets you see the full range of possible outcomes for any spreadsheet model with Monte Carlo simulation.  BestFit automatically finds the best distribution to fit your data sets, and may be used alone or with @RISK.  Riskview allows you to quickly preview and create distributions for use in @RISK, and TopRank conducts an automated “what-if” analysis on any spreadsheet model.13
D4COST 2000 – This model provides building cost estimates beginning from conception. The model takes actual cost data on existing buildings (projects) and applies factors that allow the user to cost escalate (or depreciate, as the case may be) from one time period to another, and to regionally adjust for the local variances in construction costs from one place to the next.  The system does this work in real time, not only providing the user with an actual number (not a range), but it also allows the user to run “what-if” scenarios that are useful in comparing the varying costs of different building types and construction materials.14
Expendable Launch Vehicles (ELV) International and US – This small database is a compilation of some basic payload and cost data from existing ELVs.1

European Space Agency (ESA) Cost Modeling Software (ECOM) – This is a software tool for collection, retrieval, and processing of cost data from past ESA programs and projects, used for cost estimation and proposal evaluation.  The heart of ECOM is the database, which contains historical cost proposal data from past ESA projects.  The items are grouped in classes and the data comprises the cost breakdown and the associated technical description.  The technical description consists of the main technical performance parameters, number of models and design status.  In addition, for some equipment, there are also comments and block-diagrams.  Within the estimating part of ECOM, various cost estimation techniques are available.  The methods applied are estimated by analogy, use of cost estimating relationships, and parametric cost modeling.  The tool includes links to commercial parametric models such as PCM and PRICE-H.15

Generic Simulation Environment for Modeling Future Simulation Launch Vehicles (GEM-FLO) – This developing model will simulate the launch vehicle cycle and identify the effects on launch vehicles and spaceport operations, primarily using time and resources as inputs.18
Launch Systems Operations Cost Model (LSOCM) – LSOCM V1.0 is a combination of two models discussed previously: RMAT and COMET/OCM.  RMAT is used to establish parametric expressions for maintenance times for subsystems of the future system.  These data are used as an input to the COMET/OCM mode, an operation manpower estimating tool that uses differences in vehicle characteristics in an on-screen interview process to relate manpower for the future system to manpower required for shuttle.  These data use standard cost factors such as cost per pound for propellant times estimated consumption rates to establish cost of operations at a given launch rate per year.  The model provides opportunity for the user to adjust standard operating procedures for new ways of doing business.  The final output of the process is an operating cost estimate at four launch rates.  This tool set can be exercised with limited design detail related to the future system, provided expert opinion is available to properly define the differences between the future system and the shuttle.2
Logistics/Cost Model (LCM) – LCM primarily makes use of cost estimating relationships obtained by using multiple regression to fit historical cost data to one or more vehicle design or performance variables.2
Mission Operations Cost Model (MOCM) – Provides ROM estimates for the mission operations of manned, unmanned and planetary spacecraft. This is a simple online Mission Operations Cost Model (MOCM) that provides a useful method for quick turnaround, rough-order-of-magnitude cost estimating.  The MOCM provides an estimate of the basic Mission Operations and Data Analysis (MODA) cost for a given spacecraft.  MODA includes the cost of maintaining and upgrading ground systems, mission control, tracking, telemetry, command functions, mission planning, data reduction and analysis, crew training, and related activities.  The MOCM does not include the cost of launch vehicles or launch services.  The model estimates the average annual MODA based on the type of mission and the investment cost of the spacecraft.  The investment cost is defined as the total development and production cost of the spacecraft, experiments, and ground systems. The MOCM is based on NASA data for spacecraft flown between 1962 and 1990.1


NASA/Air Force Cost Model 2002 (NAFCOM 2002) – The NAFCOM 2002 Cost Model is an automated parametric cost-estimating tool that uses historical space data to predict the development and production costs of new space programs.  It uses parametric relationships to estimate subsystem or component level costs for any aerospace hardware including: earth orbital spacecraft, manned spacecraft, launch vehicle, upper stages, liquid rocket engines, scientific instruments, or planetary spacecraft.  NAFCOM uses a template selection wizard to configure a default WBS consistent with the type of spacecraft or launch vehicle to be estimated.  As with previous releases of NAFCOM, additional historical data has been added to the database resident in the cost estimating equations.  Resident capabilities include time phasing of cost, schedule estimating, a direct link to collaborative environments, and improved printed output.4


NROC – The iNtegrated – RMAT – OCM/COMET model is the tool of choice for performing the Space Launch Initiative 2ND Gen Program technology assessments.  As much of a process as a tool, the model combines the capabilities of the RMAT and COMET/OCM with an estimating worksheet and operations expertise from Kennedy Space Center.  Enhancements to the model include facilities and GSE cost estimating capability and a rough order of magnitude cycle time estimator.2
On-Line Calculators – These include simple tools such as:


Inflation Calculators – Calculators using the index from one year to another using the GDP Deflator, the Employment Cost Index (ECI) Inflation Calculator, or the Consumer Price Index (CPI). 1

The CPI calculator adjusts the cost of living from one year to another using the CPI inflation index.  This inflation calculator is based on the average inflation index during the calendar year, and will currently compute inflation rates for any years between 1913 and 1998.1

The ECI calculator is an inflation calculator for adjusting costs from year to year using the ECI inflation index.  This calculator is based on the average inflation index during the calendar year.  This inflation calculator will compute inflation rates between 1981 and 1998 and measures changes in wages, salaries, and benefits for civilian workers (private industry plus state and local government).1


The GDP Deflator calculator is an inflation calculator for adjusting costs from one year to another using the Gross Domestic Product (GDP) Deflator inflation index.  This inflation calculator is based on the inflation rate during the US Government Fiscal Year, which begins on October 1 and ends on September 30.  This inflation calculator will currently compute inflation from 1940 to 2005.1 

Cost Spreading Calculator – This is a simple online cost spreading calculator that can be used to spread the estimated cost of a program up to eight years.  The calculator uses a beta curve to determine the amount of money to be spent in each year based on the fraction of the total time that has elapsed.  The user enters the total cost to be spread.1

Labor and materials worksheets – Analysts have access to manpower and materials worksheets developed by NASA in Excel format.1
International Price Index (IPI) Inflation Calculator – This is an inflation calculator for adjusting costs from one year to another using the IPI inflation index. This inflation calculator is based on the average inflation index during the calendar year and will compute inflation rates between 1982 and 1998.  IPI is based on the export, import price indexes, measures the transaction prices of goods, and services exported from or imported into the United States.1
Learning Curve Calculator – This is a calculator providing learning curves to estimate the unit, average, and total effort required to produce a given number of units. These curves are derived from a basic theory developed by T.P. Wright, for obtaining cost estimates based on repetitive production of airplane assemblies. For the Wright learning curve, the underlying hypothesis is that the direct labor man-hours necessary to complete a unit of production will decrease by a constant percentage each time the production quantity is doubled.  The learning percent is determined by statistical analysis of actual cost data for similar products or guidelines from “Cost Estimator’s Reference Manual- 2nd Ed.,” by Rodney Stewart.  The calculator uses the learning curve to estimate the unit, average, and total effort required to produce a given number of units.  Effort can be expressed in terms of cost, man-hours, or any other measure of effort.  The calculator can be set to compute the Wright learning curve or the Crawford learning curve, which requires a quantity of 1,000 or more.1

Product Price Index (PPI) Inflation Calculator – This is an inflation calculator for adjusting costs from one year to another using the PPI inflation index.  This inflation calculator is based on the average inflation index during the calendar year.  This inflation calculator will compute inflation rates between 1947 and 1998.  The PPI measures changes in the wholesale prices of finished goods.1


Operations Impact Assessor (OIA) – The OIA tool defines a component as an object or assembly of parts that have processing tasks and resources and facility requirements.  The tool can model a conceptual component and its processing tasks to help evaluate both operability and processing requirements such as support equipment, facility utilization, labor, and processing schedules.17
PRICE (Parametric Review of Information for Costing and Evaluation) Estimating Suite – PRICE Parametric Cost Estimating Tools may be used for estimating the cost of hardware, software, microcircuits, and life cycle costs.  Pertinent tools include:


PRICE H – Hardware Estimating Model – Used to estimate costs, resources, and schedules for hardware projects such as electronic, electro-mechanical, and structural assemblies.  It can be used to estimate hardware projects of any scale, from the smallest individual component to the complex hardware assemblies of a complete aircraft, ship, or space station.5

PRICE HL – Hardware Life-Cycle Estimating Model – Used for analysis at the system, subsystem, major assembly, and subassembly levels, and can be rapidly tailored to reflect specific support conditions.  While it can be used independently, PRICE HL is also often used in conjunction with PRICE H, the Hardware Estimating Model.  Together, these models produce comprehensive cost and schedule estimates for entire programs, from initial concept to multi-year, multi-theater deployment, and field support.5
PRICE S –Software Development Estimating Model – Used to estimate the cost and schedule of software development.  Designed to handle all types of software from business systems and communications to command and control, avionics, and space systems.5
PCM – This model is used with ECOM discussed above.  The model calculates cost using a mass and complexity factor.  The complexity factor is derived by a reverse calculation with a similar type of equipment where the costs are known.  Since the user has no access to the formula, this method is considered a black-box approach.  This requires an experienced estimator in order to receive reliable cost figures.1
Reusable Launch Vehicle (RLV) Repair Cycle Simulator (RCCS) – This is a simulation tool designed for the evaluation of alternative resource strategies for the RLV program.  The model considers two classes of RLV parts that undergo regular maintenance and include the basic components for modeling maintenance cycle patterns and the ground maintenance schedule.17
Resource Data Storage and Retrieval (REDSTAR) – NASA-wide repository of cost, programmatic, and technical data relating to space related projects and programs.  The Marshall Space Flight Center’s Engineering Cost Office established the repository in 1971.1

Reliability, Maintainability Analysis Tool (RMAT) – RMAT is used to estimate reliability and maintainability characteristics of new launch concepts based on support requirements derived from both military aircraft and Shuttle program information.  It estimates both the scheduled and unscheduled work required to determine the maintenance burden of a future system or a new technology.  This analysis can be applied at the subsystem level.  The results can then be used to estimate the manpower, processing times, and fleet sizes needed to support the turnaround process for a new concept and the impact of alternate technologies and support strategies.  Although RMAT can be used as a standalone tool, it can also be used to pass major support drivers to the Logistics/Cost Model (LCM) for estimating O&S costs.  The Cost Element Structure addresses costs for operational processing, plus the logistic, base, and program support required.  The input to RMAT/LCM consists of concept description plus the annual flight rate required.  Additional input choices require the user to select between scenarios that reflect either the Shuttle or aircraft characteristics for support.2

SEER – The SEER tools derive cost, schedule, and staffing estimates by assessing the impact of product, organizational, and even operational variables parametrically, using comprehensive knowledge bases. 6
SEER-H – Predicts the resources required for developing new hardware, including that based on new technologies.  These tools provide estimates and analyses of the cost of labor and materials support regimes for development, production, and fielding.6
SEER-S – Estimates costs, labor, schedules, reliability, and risks associated with information technology, embedded system, and commercial software development projects.6


Spacecraft/Vehicle Level Cost Model – This is an online cost model that provides a useful method for quick turnaround, rough-order-of-magnitude cost estimating.  The model can be used for estimating the development and production cost of spacecraft, launch vehicle stages, engines and scientific instruments.  The SVLCM is a top-level model derived from the NAFCOM database.1
SPSS Tools Suite – Toolkit of statistics, graphs, and reports for use in a variety of applications in commercial, academic, and Government settings.  Applications include surveys, marketing, and sales analysis, data mining, quality improvement and statistical research of all types.9

Toolkit for Enabling Adaptive Modeling and Simulation (TEAMS) - A decision support tool designed to provide current and future spaceport designers with a knowledge-based infrastructure to develop, maintain, and reconfigure simulation models.19
Unmanned Space Vehicle Cost Model - Model containing Cost Estimating Relationships (CERs) for estimating subsystem and component costs of an unmanned space vehicle.1
Vision Spaceport - Vision Spaceport is a joint Industry/NASA endeavor to develop a model that enables the user to estimate the cost and cycle time for a wide range of launch system concepts during the concept development phase.  The tool is designed to enable design teams to assess the cost and cycle times for the launch site and related infrastructure.2
Notes

1 Reproduced with minor changes from Johnson Space Center cost estimating information Internet page, URL http://www.jsc.nasa.gov/bu2/models.htm.

2 Reproduced with minor changes from the “Launch Systems Operations Cost Model (LSOCM) Requirements Analysis Report” dated November 16, 2001, by ALE under Contract No. H-34658D, paragraph 2.1, Review of Existing Tools.

3 Reproduced with minor changes from the ACEIT Internet Homage, http://www.aceit.com.

4 Reproduced with minor changes from SAIC’s NAFCOM Internet page, http://nafcom.saic.com/welcome.asp.

5 Reproduced with minor changes from Price Systems Internet page on the Price Estimating Suite of Tools, http://www.buyfs.com/productservice/priceh.html, and http://www.buyfs.com/productservice/prices.html.  

6 Reproduced with minor changes from Galorath’s Internet pages on SEER, http://www.galorath.com/tools_soft.shtm and http://www.galorath.com/tools_hard.shtm.

7 Reproduced with minor changes from BestEstimate’s Internet page, http://www.best-estimate.com.


8 Reproduced with minor changes from CoCoPro’s Internet page, http://www.iconixsw.com /Spec_Sheets/CoCoPro.html.

9 Reproduced with minor changes from Appendix K, NASA Cost Estimating Handbook dated Spring 2002. 


10 Reproduced with minor changes from COCOMO’s Internet page, http://sunset.usc.edu/ research/COCOMOII/index.html. 

11 Reproduced with minor changes from Open Channel Foundation’s Internet page, http://www.openchannelfoundation.org/cosmic.

12 Reproduced with minor changes from Crystal Ball’s Internet page, http://www.decisioneering.com/crystal_ball/info_index.html.

13 Reproduced with minor changes from Palisade’s Internet page, http://www.palisade.com/html/decision_analysis_software.html.

14 Reproduced with minor changes from D4COST’s Internet page, http://www.d4cost.com.

15 Reproduced with minor changes from ESA’s Internet page, http://www.estec.esa.nl/eawww/ecom/article/ecom.htm#Chap1.

16 Reproduced with minor changes from MTI System’s Internet page, http://www.costimator.com/costimator.htm.

17 Reproduced with minor changes from the “Final Report Operations Assessment Tools” dated September 30, 2001, from Kennedy Space Center, paragraph 3.

18 Information from interview with Edgar Zapata, Kennedy Space Center, dated 9 July 2002.

19 Reproduced with minor changes from KBSI, information provided by Dr. Perakath Benjamin, http://www.kbsi.com/software/smartcost.htm.


20 Reproduced with minor changes from Vitech's website at http://www.vtcorp.com/ productline.html

Appendix B

List of Contacts 

	Name
	Company
	Work Phone
	Email

	Bouza, Mario
	Sverdrup Tech
	(650) 604-3040
	mbouza@mail.arc.nasa.gov

	Brady, Hugh
	NASA/MSFC
	(256) 544-0513
	Hugh.j.brady@msfc.nasa.gov

	Brown, Dick
	NASA/LARC
	(757) 864-7685
	Richard.w.brown@larc.nasa.gov

	Cates, Grant
	NASA/KSC
	(321) 861-9216
	Grant.Cates-1@ksc.nasa.gov

	Chromik, Chris
	NASA/LARC
	(757) 864-7208
	c.c.chromik@larc.nasa.gov

	Colloredo, Scott
	NASA/KSC
	(321) 867-2640
	Scott.Colloredo-1@ksc.nasa.gov

	Coogan, Charlie
	ALE
	(614) 436-1609
	ccoogan@ale.com

	Day, Karen
	ALE
	(614) 436-1609
	kday@ale.com

	Dimmer, Bill
	NASA/KSC
	(321) 867-3719
	William.Dimmer-1@ksc.nasa.gov

	Dornell, Izella
	NASA/JSC
	(281) 483-1249
	Izella.m.dornell1@jsc.nasa.gov

	Elliott, Ashleigh
	ITB
	(321 453-3838
	aelliott@itb-inc.com

	Evans, Raymond
	NASA/KSC
	(321) 867-4228
	Raymond.evans-1@ksc.nasa.gov

	Gilbert, Paul
	NASA/KSC
	(256) 544-9264
	Paul.Gilbert@msfc.nasa.gov

	Gormley, Tom
	NASA/ARC
	
	TJGormley@mail.arc.nasa.gov

	Hamaker, Joe
	NASA/MSFC
	(256) 544-0602
	Joe.Hamaker@msfc.nasa.gov

	Hill, Robert
	ITB
	(321) 453-3838
	Hillr@itb-inc.com

	Hill, Spencer
	NASA/MSFC
	(256) 544-3071
	Spencer.Hill@msfc.nasa.gov

	Hill, Tess
	ITB
	(321) 453-3838
	tesshill@itb-inc.com

	Maly, Bruce
	ALE
	(321) 436-1609
	bmaly@ale.com

	McCleskey, Carey 
	NASA/KSC
	(321) 867-6370
	Carey.McCleskey-1@ksc.nasa.gov

	Meacham, Stephen 
	NASA/MSFC
	(256) 544-0241
	Stephen.B.Meacham@msfc.nasa.gov

	Moore, Arlene
	NASA/LARC
	(757) 864-4407
	a.a.moore@larc.nasa.gov

	Morris, Doug
	NASA/LARC
	(757) 864-4499
	W.D.Morris@larc.nasa.gov

	Nix, Mike
	NASA/MSFC
	(256) 544-7877
	Mike.Nix@msfc.nasa.gov

	Noneman, Steve
	NASA/MSFC
	(256) 544-2048
	Steve.R.Noneman@msfc.nasa.gov

	Pigg, Ann
	NASA/MSFC
	(256) 544-0513
	ann.pigg@msfc.nasa.gov

	Rhodeside, Glenn 
	NASA/KSC
	(321) 867-7910
	Glenn.Rhodeside-1@ksc.nasa.gov

	Roberts, James
	NASA/KSC
	(321) 867-3018
	James.Roberts-1@ksc.nasa.gov

	Rogers, Steve
	ALE
	(614) 436-1609
	srogers@ale.com

	Romano, Dennis
	NASA/ARC
	(650) 604-0103
	dromano@mail.arc.nasa.gov

	Shaw, Eric
	NASA/HQ
	(202) 358-0466
	eshaw@hq.nasa.gov

	Sledd, James
	NASA/MSFC
	(256) 544-4058
	James.D.Sledd@msfc.nasa.gov

	Smith, Keith
	SAIC
	(256) 971-6571
	SmithK2@saic.com

	Steele, Martin
	NASA/KSC
	(321) 867-8761
	Martin.Steele-1@ksc.nasa.gov 

	Takada, Kevin
	NASA/MSFC
	(256) 544-5616
	Kevin.c.takada@msfc.nasa.gov

	Taylor, David
	NASA/MSFC
	(256) 544-5486
	David.E.Taylor@msfc.nasa.gov

	Tickles, Virginia
	NASA/MSFC
	(256) 544-3585
	Virginia.C.Tickles@msfc.nasa.gov

	White, Nancy
	NASA/LARC
	(757) 864-4508
	N.H.White@larc.nasa.gov

	Whitlock, Richard
	NASA/JSC
	
	Richard.d.whitlock1@jsc.nasa.gov

	Zapata, Edgar
	NASA/KSC
	(321) 867-6234
	Edgar.Zapata-1@ksc.nasa.gov


Appendix C

Cost Breakdown Structure

Figure C-1 is a repeat of Figure 3 in the body of the guide.  It displays the top three levels of the WBS for a project that involves three candidate systems.  Additional candidates would simply tale an additional second digit number but would have the same WBS and therefore CBS.  Some systems may not have all 3rd level activities.  For example, a launch system that used leased or existing launch vehicles or facilities may not have the production activity.  In that case, production would simply be void and not used.


[image: image9.wmf]Project

1.0

Candidate System

1.1

Candidate System

1.3

Candidate System

1.2

System Program

Management

1.2.1

Formulation

1.2.2

Detail Design

& Engineering

1.2.3

Production

1.2.4

Launch

Operations

1.2.5

Support

Operations

1.2.6

Infrastructure

Operations

1.2.7

Disposal

1.2.8


Figure C-1.  Launch Operations Cost Breakdown Structure – Level 3

Table C-1 provides an illustration of how the WBS/CBS can be decomposed to the next level of detail.

	1.2 Candidate System - Number 2

	1.2.1 System Program Management

	1.2.1.1 System Engineering

	1.2.1.2 Resource Management

	1.2.1.3 Information Management

	1.2.1.4 Configuration Management

	1.2.1.5 Admin Briefs/Plan (etc.)

	1.2.1.6 Logistics Management

	1.2.1.7 Safety & Environmental Management

	1.2.1.8 Acquisition Management

	1.2.2 Formulation

	1.2.2.1 Concept Plan Formulation

	1.2.2.2 Concept/Cost Analysis

	1.2.2.3 Requirements Definition

	1.2.2.4 Operations & Business Opportunities Analysis

	1.2.2.5 Infrastructure Analysis

	1.2.2.6 Concept Formulation

	1.2.2.7 Program Definition

	1.2.3 Detail Design & Engineering

	1.2.3.1 Facilities Design

	1.2.3.2 Vehicle Design

	1.2.3.2.1 Structure & Mechanical Systems

	1.2.3.2.2 Propulsion

	1.2.3.2.3 Thermal Systems

	1.2.3.2.4 Electrical Systems

	1.2.3.2.5 Communication Systems

	1.2.3.2.6 Data Management

	1.2.3.2.7 Control and Monitoring

	1.2.3.2.8 Space Support Systems

	1.2.3.2.9 System Development and Engineering

	1.2.3.2.10 Design Integration

	1.2.3.2.11 Test and Verification

	1.2.3.3 GSE Design 

	1.2.3.4 Logistic Systems Design

	1.2.3.4.1 Labor

	1.2.3.4.2 Safety and Environmental

	1.2.3.4.3 Maintenance 

	1.2.3.4.4 Material Support

	1.2.3.4.5 Technical Data

	1.2.3.4.6 Transportation

	1.2.3.4.7 Reliability/Maintainability

	1.2.3.5 Other

	1.2.4 Production

	1.2.4.1 Facility Construction & Modification

	1.2.4.2 Vehicle Production

	1.2.4.2.1 Structure & Mechanical Systems

	1.2.4.2.2 Propulsion

	1.2.4.2.3 Thermal Systems

	1.2.4.2.4 Electrical Systems

	1.2.4.2.5 Communication Systems

	1.2.4.2.6 Data Management

	1.2.4.2.7 Control and Monitoring

	1.2.4.2.8 Space Support Systems

	1.2.4.2.9 System Development and Engineering

	1.2.4.2.10 Design Integration

	1.2.4.2.11 Test and Verification

	1.2.4.3 GSE Production/Acquisition

	1.2.4.4 Other

	1.2.5 Launch Operations

	1.2.5.1 Traffic and Flight Control

	1.2.5.2 Landing and Recovery

	1.2.5.3 Ground Servicing

	1.2.5.4 Payload and Cargo Processing

	1.2.5.5 Transfer Operations

	1.2.5.6 Mission Planning

	1.2.5.7 Mission Analysis

	1.2.5.8 Mission/Launch Control

	1.2.5.9 Assembly Integration

	1.2.6 Support Operations

	1.2.6.1 HW/SW Organizational Maintenance

	1.2.6.2 HW/SW Depot Maintenance

	1.2.6.3 Supply (Inv Mgt/Whs)

	1.2.6.4 Transport Operations

	1.2.6.5 Storage Operations

	1.2.6.6 Refurbishment

	1.2.6.7 System Modifications

	1.2.6.8 Data and Documentation

	1.2.6.9 Training

	1.2.6.10 Equipment

	1.2.6.11 Personnel Preparation

	1.2.6.12 Sustaining Engineering

	1.2.7 Infrastructure Operations

	1.2.7.1 Facility O&M

	1.2.7.2 BASOPs Support (Roads/Util etc)

	1.2.7.3 Communications

	1.2.7.4 Environmental Support

	1.2.7.5 Personnel Support

	1.2.7.6 Contracting

	1.2.8 Disposal

	1.2.8.1 Hazmat

	1.2.8.2 Demil

	1.2.8.3 Transport

	1.3 Candidate System


The distinction between 1.2.3.2 Vehicle Design and 1.2.3.4 Logistic Systems Design requires some explanation.  Each element of system design, such as 1.2.3.2.1 Structured and Mechanical Systems, includes the design of logistic capability required to support that element of the system.  Logistic Systems Design 1.2.3.4.X includes the effort required to integrate logistics design at the system level.  This includes setting the criteria for design of logistic capability at the subsystem level.

Each element of the CBS can be further decomposed as necessary to capture cost of the current level of design.  Conversely, lower levels can be aggregated to higher levels when details are not available to support lower level estimates.  This does not mean that the lower level costs are not included in the upper level estimates.

The numbering system for the CBS also provides the numbering system for records in the CBS database.  Each record has training tags to identify the type of money and the fiscal ear.  For example, if Government manpower is 1.1 and structural design is planned in GFY 06, the cost element for structural design by Government employees in GFY 06 would be 1.2.3.2.1 - 1.1 - 06.  To sum all costs for structural design in all years, we would sum all 1.2.3.2.1.  To sum all Government manpower costs, we would sum all 1.1 costs.
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