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SECTION C


SECTION C - DESCRIPTION/SPECIFICATION/WORK STATEMENT

C.1
DESCRIPTION/SPECIFICATION/WORK STATEMENT (ARC 52.211-93) (FEB 1997) (Modified OCT 2004)

(a) In accordance with the contract's terms and conditions, the Contractor shall furnish all personnel, services, equipment, materials, and facilities and do all other things necessary for, or incidental to performance of the requirements set forth herein. 

(b) Work shall be accomplished in accordance with the Specification/Work Statement entitled “Aeronautics and Exploration Mission Modeling and Simulation”, as follows:
(End of Clause) 
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C.1.0
INTRODUCTION

The principal purpose of this contract is for the Systems Analysis Branch of the Aeronautical Programs and Projects Office, Aeromechanics Branch of the ARMY/NASA Rotorcraft Division, and the Applications Branch of the NASA Advanced Supercomputing (NAS) Division at NASA Ames Research Center to obtain the support needed to carry out NASA Space Exploration, Aeronautics, and Science Missions.  This document describes the current and anticipated research programs of the organizations.  The major objectives include the design and analysis of aerospace vehicles and systems, the analysis of technologies and technology portfolios and their ability to meet the requirements of the NASA missions, and high-end supercomputing (HEC) research and applications.   

C.2.0
SCOPE OF WORK

C.2.1
General Scope
The scope of the effort to be performed within this contract is described in this section. 

The Contractor shall provide engineering research and development, pursuant to task assignments issued by the Contracting Officer.  These services shall include the personnel, facilities, equipment and materials (unless otherwise provided by the Government) to accomplish the tasks.

Task assignments will be issued to perform services in the following areas: project management, systems engineering, systems analysis, research and analysis, design and development, testing, computer modeling, technical and proposal writing, and other functions necessary to complete projects.  The Contractor shall provide management and administrative functions necessary to effectively and efficiently manage the work performed under this contract. 

The Contractor shall perform services to enable the modeling, simulation, and analysis of systems relevant to the NASA Aeronautics and Exploration Missions as required by task order in the following technical areas: 

a) Aerospace systems analysis tools development and application

b) Aerospace vehicle and system design and analysis 

c) Optimization and mission decision support tools and analysis

d) Computational fluid dynamics (CFD) tools development and application

e) High fidelity modeling and simulation of aerospace systems 

f) Integrated design and analysis framework development 

g) Aerospace technology portfolio analysis

h) Risk analysis methods development and application to aerospace systems

i) CFD analysis of computer room cooling systems

j) Grid generation tool development

k) Digital astronaut

l) Planetary and Earth Science CFD modeling

m) Computational chemistry, computational biology, and computational material science 

n) Support in developing Government proposals in response to opportunities announced by NASA missions, Industry, or other Government entities

o) Other related areas as designated by the requiring organizations:

Specific requirements will be defined for each task order according to the current and future needs of programs and projects involving the requiring organizations.  The Contractor may be tasked to accomplish either an entire project from conception to operation, or a specific part of a project such as design or testing.

C.2.2
CONTRACTOR RESPONSIBILITIES

The Contractor's responsibilities shall include the management of personnel, timely and effective implementation of task assignments, monitoring of any applicable subcontract performance, management of scheduled deliveries, and timely and effective reporting to the Government.  These responsibilities shall also include efficient cost and risk management methods as well as procedures to ensure that the Government is aware of task assignment status and progress achieved.  Management includes managing financial and personnel resources as well as conforming to established NASA policies and to budgetary guidelines.  Most of the work will be performed on-site at Ames Research Center, Moffett Field, California.

The Contractor shall participate with the Government to upgrade and maintain required plans, procedures, and work instructions in order to maintain the organization’s compliance with any third-party quality system and shall participate in any audits to maintain the quality system certification.  Where the Contractor has primary responsibility for a functional or business area, the Contractor shall have primary responsibility for maintaining compliant documentation associated with that area.

The Contractor shall provide qualified management personnel, organizational structure, procedures and administration support functions to effectively and efficiently manage the work performed under this contract.  The management and administrative structure shall provide a single point of contact for interface to the Contracting Officer's Technical Representative (COTR) and shall provide procedures and management supervision to ensure compliance with applicable government regulations for accomplishing this contract. 

The Contractor shall be responsible for ensuring that all contractor and subcontractor personnel engaged in performance of this Statement of Work have appropriate qualifications, knowledge, and certification to perform work in accordance with the task assignments.  The Contractor must have the flexibility to hire personnel at all appropriate levels of skills and experience, including, but not limited to, university students, post-docs, junior and senior research scientists and engineers.  The Contractor will ensure that all foreign national visitors and all employees have completed the required background checks, approvals and clearance requirements for access to the NASA Ames property.

Research office and laboratory space, computer hardware and software deemed necessary for the direct fulfillment of the task orders will be provided by the Government.  The Contractor may purchase, with CO approval, and in accordance with the Subcontracts clause at FAR 52.244-2, any materials (consumables and non-consumables) necessary for the fulfillment of their task requirements.

The Contractor shall comply with the health and safety requirements contained in APG 1700-1 and the system safety and mission assurance requirements in NPR 7120.5, NASA Program and Project Management Processes and Requirements, and other applicable processes and procedures of the requesting organizations.

The contractor shall also support educational outreach and internship employment opportunities to augment NASA programs.  NASA Ames supports various student employment programs, from high school to postdoctoral levels, which provide students with exposure to public service, enhancement of their educational experience, and financial support to encourage their educational goals.

C.3.0
REQUIREMENTS

C.3.1
GENERAL

C.3.1.1
 Technologies

Research and Development in the Systems Analysis Branch focuses on the development, test, application and evolution of computational modeling and simulation tools and technologies for system and vehicle conceptual analysis and design.  In support of the aeronautics and space exploration missions, the branch develops tools and integrated processes to enable new analysis methods in support of technology portfolio, vehicle, and mission analysis. Technologies and tools using high end computing for mission simulation and vehicle design are developed for, and applied to, advanced aerospace vehicle concepts.

The NAS Division develops CFD/IT/Computational Chemistry technologies to support the Exploration and Science Missions.  Emphasis is on tool development and analysis of mission enabling technologies on NAS HEC systems.  Applications are varied and evolving with the new NASA Exploration and Science missions.  Flow regimes range from incompressible through hypersonic velocities.  There is a constant need to develop new computational tools to improve the physical model and analysis capability of fluid dynamic and chemical processes.  Multi-scale modeling in radiation biology and computational material science is another area of current emphasis.

Aeromechanics Branch programs address all aspects of the rotorcraft which directly influence the vehicle's performance, structural, and dynamic response, external acoustics, vibration, and aeroelastic stability. The programs are both theoretical and experimental in nature.   Advanced computational methodology research using computational fluid dynamics and multidisciplinary comprehensive analyses seeks to understand the complete rotorcraft's operating environment and to develop analytical models to predict rotorcraft aerodynamic, aeroacoustic, and dynamic behavior. Experimental research seeks to obtain accurate data to validate these analyses, investigate phenomena currently beyond predictive capability, and to achieve rapid solutions to flight vehicle problems. Databases from the flight and wind tunnel experimental programs are validated, documented and maintained for the benefit of the U.S. rotorcraft technology base. 

C.3.1.2
Customers

The Systems Analysis Branch develops and applies technology in support of numerous government and industry customers.  Support to the Aeronautics Research Mission is provided in the forms of cross-cutting mission technology portfolio analysis, support to the Airspace Systems Program in interacting with Mission Analysis efforts and vehicle and technology analysis for the Vehicle Systems Program.  The Exploration Mission is served through risk and performance analysis tool development, integration and test, and by performing analysis for NASA Simulation Based Acquisition requirements.  

The Aeromechanics Branch of the Army/NASA Rotorcraft Division is responsible for aeromechanics research activities that directly support the Department of Defense and the U.S. rotorcraft industry.  The Branch work also includes research and technology base activity and system technology research. A significant portion of the Branch's efforts are in support of NASA and Army national programs. 

The NAS Applications Branch performs research that supports a variety of NASA programs and missions including Space Shuttle, Exploration, Planetary and Earth Science.  In addition, the Branch develops technologies to enable the effective use of High End Supercomputing for system simulation.
C.3.2
Specific Requirements

C.3.2.1
  Integrated Analysis Environments 

C.3.2.1.1
General

This area includes: 

a) Development of data specification structures including the development of application-specific ontologies, data structure development, and the integration of the structure with analysis codes and frameworks

b) Development of multi-fidelity tool integration capabilities, cross-framework integration processes, and process management techniques  

c) Supporting integrated design system efforts as needed to improve the vehicle/mission design process by injecting higher fidelity modeling earlier in the design process

C.3.2.2.2
Contractor Responsibilities

The Contractor shall be responsible for conducting research and development in the areas described above.  Example specific problem areas are given as follows:

a) Develop ontology for exploration systems and extend existing Launch Vehicle Language (LVL) developed for the Space Launch Initiative Programs as required, to describe subsystems and components required for Exploration vehicle and mission analysis.  Develop and integrate the resulting data language with tools to support Exploration mission analysis including the tools and processes to be used for the Simulation Based Acquisition effort.

b) Perform research to define analysis process requirements for Exploration missions.  Define and develop integration methods for multi-fidelity processes, including software integration within existing frameworks, and data integration methods.

c) Develop and demonstrate methods to integrate engineering level tool processes and frameworks with the NASA supercomputing environment to enable the integration of high fidelity and parallelized codes within the analysis framework.  Support the integration of the agent-based framework, TAF-J with the Model Center framework used by the Advanced Engineering Environment.  Document requirements for integration of new frameworks (e.g., a framework selected for the Exploration mission’s Simulation Based Acquisition effort) with the agent framework, high fidelity tools and models, and with the NASA supercomputing environment.

d) Develop and validate analysis process management capabilities to enable the selection of appropriate tools and input conditions, given a database of benchmarked tool results across a range of configurations and flight conditions.

C.3.2.2
 Aerospace Vehicle and System Design and Analysis

C.3.2.3.1
General

This area includes:

a) Design and development of vehicle and system concepts for exploration and aeronautics missions, 

b) Performing technology and system trade studies

c) Development and application of mission performance and risk analysis methods

d) Development and application of mission modeling and simulation capabilities to perform multi-fidelity analysis to predict system performance characteristics and risk profiles

C.3.2.3.2
Contractor Responsibilities

The Contractor may be required, by task order, to provide the following support:

a) Develop new methods and processes in support of exploration mission vehicle and system design and analysis.  Develop and integrate multi-disciplinary, multi-fidelity analysis models that are compatible with the Advanced Engineering Environment and/or Simulation Based Acquisition framework, for ascent, abort, and earth re-entry for anticipated vehicle and launch configurations.

b) Develop vehicle concepts for the Crew Exploration Vehicle (CEV) and perform system and technology trade studies with anticipated launch systems.

c) Develop and validate new engineering and CFD capabilities as required to support the design and analysis of the CEV, focusing on earth-to-orbit and descent, re-entry and landing analysis.

d) Develop an aerodynamic database of a reference CEV capsule concept, baselined against available Apollo test and flight data.  Document best practices for application and set up of CFD codes for different configurations and flight conditions.

e) Develop and apply methodologies for vehicle and systems analysis in support of aeronautics missions.  Support the development of vehicle sector requirements definition and validation, and analysis of aeronautics vehicles and systems.

f) Develop revolutionary concepts for aeronautics in pursuit of NASA goals and objectives for the aeronautics mission.  Provide trade studies, and cost and benefits analysis of these concepts.  Identify critical revolutionary technologies that will be required to develop these concepts.  

g) Develop modeling capabilities to demonstrate, at a high level, the integration of new vehicle concepts into the National Airspace and utilize these models to support in the development of critical requirements and in the identification of high value revolutionary concepts.

C.3.2.3
 Technology Portfolio Analysis

C.3.2.3.1
General

This area includes the analysis of Aeronautics and Exploration Program and Project technologies to determine the adequacy of the portfolio to meet NASA goals and objectives.  Included will be risk analysis, coverage and gap analysis, and the ability to provide the information to support development of new initiatives, Program and Project planning, and investment decision-making.  Data collection, storage, visualization, and the development and integration of cross-cutting analysis methods will be critical elements in this area. 

C.3.2.3.2
Contractor Responsibilities

The Contractor shall be responsible for developing and supporting technology portfolio analysis and management capabilities.  Example specific requirements include:

a) Develop object models to describe high level aeronautics system capabilities at a component level

b) Define and collect the data required to establish the contributions of Program and Project outputs to these capabilities and their components

c) Develop methodologies to analyze the integrated, cross-Program portfolio to identify and articulate gaps, overlaps, and risk reduction strategies in meeting the high level capabilities

d) Develop a database, compatible with a COTS Portfolio Management Tool and integrated with existing databases that may contain elements of required data, to optimize the storage, retrieval, and visualization of Program data.

e) Develop the ability for Agency-wide access to the Program database and the Portfolio management tool, working with NASA to identify roles and responsibilities.  The capabilities for data input, review, automated updates, and report generation will be required.

f) Integrating with Program road-mapping capabilities, develop Capability roadmap process within a Portfolio Management tool

g) Research and develop technology risk analysis methods and demonstrate the use of these methods to provide a roll-up of risk assessment at the Project, Program, and Capability levels. 

C.3.2.4
NASA Advanced Supercomputing Applications Branch Requirements 

3.2.4.1
General

The NAS Applications Branch develops Computational Fluid Dynamic (CFD), Computational Chemistry (CC), and Information Technology (IT) technologies in support of the Exploration and Science Missions.  Emphasis is on tool development and analysis of mission enabling technologies on NAS HEC systems.  Applications are varied and evolving with the new NASA Exploration and Science missions.  Flow regimes range from incompressible through hypersonic velocities.  There is a constant need to develop new computational tools to improve the physical model and analysis capability of fluid dynamic and chemical processes.  Areas of current and future activity include, but are not limited to:

a) Computational Fluid Dynamic (CFD) algorithm and tool development

b) “Digital Astronaut” Development

c) Space Vehicle Launch and Ascent Analysis

d) Space Shuttle Analysis

e) Grid computing (NASA Information Power Grid)

f) Development of automated CFD parameter-study tools

g) Optimization and decision support for complex processes, CFD/IT automation and exploration missions

h) Planetary and Earth Science CFD modeling

i) Computational chemistry modeling

C.3.2.4.2 
Contractor Responsibilities

The Contractor may be required, by task order, to provide the following:

a) Development of CFD algorithms and tools that involve advanced finite-difference, finite-volume, and unstructured approaches ranging from incompressible to hypersonic flow speeds.  Both explicit and implicit algorithms are utilized, including steady and unsteady flow, high-order accuracy, turbulence modeling, chemically reacting and multi-phase flows.  Viscous flows include the Reynolds-averaged Navier Stokes (RANS) and Detached Eddy Simulation (DES) approaches.  CFD and IT frameworks, such as AeroDB, utilize modern databases, computer and script languages, e.g., C-shell, PERL, PYTHON, MYSQL, XML, F77, F90, C, C++, etc.  

b) Development of digital astronaut modeling capabilities that involve simulating the circulation within the human body for extended exploration missions.  Blood vessels and arteries are modeled as flexible and dynamically changing their shape with time.  Gravitational and micro-gravity effects are also modeled.  

c) Development of space vehicle launch and ascent modeling that involves the CFD simulation of the entire launch process, from lifting off the launch pad to ascent.  Modeling of the launch pad, tower, engine subsystem and start-up is also important.  The ability to simulate the vehicle clearing the tower, its ascent trajectory, and analysis of abort scenarios are some of the activities included in this effort.  

d) Perform Space Shuttle system modeling including Return To Flight (RTF) analysis, development of debris analysis tools, and the simulation of the Space Shuttle engine liquid propulsion subsystem.  

e) Develop NASA Information Power grid (IPG) tools and applications that utilize remote non-heterogeneous computer environments, and grid-computing security (e.g., Globus protocols).

f) Perform optimization and mission support using genetic algorithms, fuzzy logic, and artificial intelligence.   Some examples include aerospace vehicle shape optimization, automated grid generation, landing site selection, etc.  

g) Perform CFD research and tool development for the modeling of surface winds on Earth and other planetary bodies, e.g., Mars.  Some examples include simulating high-wind events on Earth and its impact on the ecosystem, prediction of the spread of invasive species, dispersion of particulates for homeland security, the evolution of surface features on Mars, site selection for a Crew Exploration Vehicle (CEV) landing, and wind-turbine power generation, etc.  Nested boundary condition techniques are used to scale down from global, to Meso, to micro-scale meteorology.  Automated tools are developed and used to generate grids and input files for flow-solver parameter studies.

h)
Perform computational chemistry modeling including the development of parallel chemistry algorithms on NASA HEC platforms, accurate theoretical spectroscopy for astronomy, astrobiology, Earth science, radiation biology, entry physics, and thermal protection systems.  Multiscale modeling in radiation biology is carried out from an Angstrom scale quantum mechanical description of radiation damage to nucleotides to meso-scale modeling of cell damage.  Multiscale modeling in computational material science is also performed in the branch from the atomic level (order of nm) to the macroscopic level (order of mm or cm).  
C.3.2.5
Computational Fluid Dynamics Applications for Rotary-Wing Vehicles 

C.3.2.5.1
General

The activities of the Aeromechanics Branch focus on the development and application of computational simulations of rotor aerodynamics required to model rotorcraft performance including:

a) The development of new methods for coupling computational fluid dynamics (CFD) with computational structural dynamics (CSD) in order to improve the accuracy for the multi-disciplinary rotorcraft modeling

b) The application of advanced CFD and CSD to Army and NASA rotorcraft problems 

c) The development and integration of simplified rotor free-wake models

d) Modeling of discrete rotor blades with relative motion between the rotors, the fuselage and surrounding ducts or shrouds

C.3.2.5.2
Contractor Responsibilities

The Contractor shall be responsible for conducting research in the areas described above.  Example specific problem areas are given as follows:

(a)
Apply the OVERFLOW-2 CFD code to analyze specific Army and NASA rotorcraft problems. These applications entail structured overset-grid generation for practical rotary-wing fuselages and rotor systems such as the Army’s CH-47 Chinook and the UH-60 Blackhawk helicopters.  

(b)
Develop and demonstrate CFD/CSD coupling schemes for analysis of rotor systems in forward flight. These coupling schemes will involve the OVERFLOW-2 CFD code and the RCAS comprehensive analysis code. 

(c)
Validate the coupled OVERFLOW-2 and RCAS codes by comparing computed results against available rotor flight test and wind-tunnel data for the UH-60 Blackhawk helicopter.   

(d)
Develop, improve, and apply variants of the simplified vorticity embedding method for rotor free-wake prediction to model helicopter rotor hover performance. Develop various grid methods for the pure potential methods and a hybrid version of the analysis that combines an inner Euler/RANS solver with the outer vorticity embedded potential solver. Apply these methods to the analysis of rotor systems of interest to the Army and include in these, detailed breakdowns (by type and location) of the various drag mechanisms. Investigate the development of design/optimization using the above methods in the parallel computational environment.

C.3.2.6
  Travel

Contractor personnel may be required to travel for short periods of time to attend meetings, to participate in industry site visits, or to attend technical conferences.  The Contractor will budget for these expenses as well as anticipated publication expenses in the submission of the response to a task order or modification to a task order.

C.3.3
Performance Measurement
The Contractor shall adhere to the performance measurements detailed in each task order.

C.4.0
DELIVERABLES AND REPORTS
Contract deliverables and reports are identified and described in the Data Requirements List attachment to this contract.  Task specific deliverables will be defined in each task.  

C.5.0  
PHASE-IN/PHASE-OUT

C.5.1  
PHASE-IN

The phase-in process shall be accomplished as expeditiously as possible.  The phase-in process shall preclude any interruption of the scheduled activities listed in this SOW.  The incoming Contractor is responsible for providing a qualified staff by the end of the phase-in period.  

C.5.2
PHASE-OUT

The Contractor is responsible for the orderly transfer of duties and records to the incoming Contractor.  This shall be accomplished in an expeditious manner, consistent with the new contract phase-in schedule, while precluding interruption of the scheduled activities listed in this SOW.  During Phase-Out, the Contractor shall transfer all records and documentary material in an orderly manner and vacate all areas of Contractor responsibility, having left them in a clean professional state and having completed the checkout process.

C.5.3
SCHEDULE

At the end of the phase-in period, the staff of the incoming Contractor shall be fully in place to accomplish the requirements of the contract.  The incoming Contractor shall present a written status report to the COTR describing the Contractor's accomplishments as of the end of the phase-in period.  

C.6.0
ABBREVIATIONS AND ACRONYMS 

	AeroDB
	Aeronautics Database

	APD
	Ames Policy Directive

	APG
	Ames Procedures and Guidelines

	APR
	Ames Procedural Requirements

	ARC
	Ames Research Center

	CBI
	Confidential Business Information

	CC
	Computational Chemistry

	CEV
	Crew Exploration Vehicle

	CFD
	Computational fluid dynamics

	mCMAR
	Contractor’s Monthly Accident Report

	CO
	Contracting Officer

	COTR
	Contracting Officer’s Technical Representative

	COTS
	Commercial-off-the-Shelf

	CPAF
	Cost-Plus-Award-Fee

	CSD
	Computational Structural Dynamics

	CTO
	Contract Task Order

	DoD
	Department of Defense

	FAR
	Federal Acquisition Regulation

	GFP
	Government Furnished Property

	HEC
	High-End Supercomputing

	IT
	Information Technology

	LVL
	Launch Vehicle Language

	NAS
	NASA Advanced Supercomputing

	NASA
	National Aeronautics and Space Administration

	NPR
	NASA Procedural Requirements

	SOW
	Statement of Work
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