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|. Laboratory Director’s Statement

I.A. Overview

The goal of the United StatésisionEnergy ScienceBrogram is tgrovide the knowledgbase
for fusion as areconomicallyand environmentallyattractiveenergy sourceThis docunent outlines
the role of the Princeton Plasma Physics Laboratory (PPPL) helping to achieve this goal.

The lastseveralyearshavebeen a time of considerabdeiccess at PPPL. A broader focus on
approaches to innovation fasion and a wier recognition of thempact ofPPPL’s efforts on other
areas of science and technology have been hallmarks of this period.

PPPL’s on-site andoff-site nearterm activities supportthe achevement ofthe five year goals
identified in the IntegrateBrogram Planning &ivity Report (DQE/SC-0028). We anticipatdeeper
understanding of transpaand stability physics,based ontheory, computizon and cktailed plasma
diagnosis on a wle range of experimentscfrom NSTX we antipae strong @tabase on the
attractiveness athe Sphericallorusconcept, as well as improvechderstanding ofeneral toroidal
physics. While NCSX W be under construction at this timgeriod, datafrom LHD will provide
further insght into the capabilities of stellarators, particulafty stable long-pulse opeteoon. We
anticipae that there W be considerableunderstanding ofeedbackstabilization of instabilities in
tokamaks, and of the possibilities for profdentrol, some of which M have aleady been applied to
NSTX. We further anticipatéhat CDX-U will have providedkey informationon the use oflithium
walls in MFE systems, with the possibility of practical application in NSTX.

I.B. PPPL Program

Innovative Confinement Configurations

A central elementf the domestid-usionEnergy ScienceBrogram is‘Innovative nfinement
Configurations.” PPPL has helpesht the national community in nurturing thestnew ideas in
plasma confinemerboth in advancedokamaks and innnovative confinementconfigurations. The
overall PPPL program is defin@dthe PPPL Progranchartshown inTable 1. Thekey heme of the
PPPL esearch program is txhieveinnovationthroughdeeper scieiftc understandingTwo major
experimental projects, tidational Sphericallorus Experiment NSTX) andthe NationalCompact
Stellarator ExperimentNCSX) will anchorthe Laboratory’s concept impwementprogram for the
next several years.

The spherical ¢rus corfiguration is an innovative confinement configuration, whiclmas the
promise to combinstability at reduced applied magit field with good energyconfinement. These
properties flow from the combination of toroidal topology withoaerall splerical shape. The role of
the centrakore of thedevice is mininzed wthout sacrificing its stong stabizing influence. This
advancedcorfiguration may allow a relatively inexpensivieision system tachievehigh lewels of
fusion power in a compadize. The missiolf NSTX, a nationalProof-of-Principlespherical orus
experiment, igo test thiscorfiguration at a scientificallyrelevant scalebut at nnimum cost. By
utilizing over $170M of PPPLsite credits, a world-class, logostdevicewas constructed as pint
project of PPPL, Oak Ridge National Laborator{ORNL), the University of Wshington, and
Columbia Univergy. The NSTX Facility is being operated by?PPL as anational facility with
collaborators fromuniversities,industry, and National Laboratories.h& NSTX first plasma was
achieveden weeks ahead afchedule orFebruaryl2, 1999. InFY02, aplasma current of 1.5 MA
(50% over thedesign vale) wasachieved. Atoroidal beta 0f34% was acheved without active
feedback control, substantially exceeding the FY02 goal of 25%. "H-confinement mode" plasmas
sustained for the preprogrammed durationsarfstant plasma current. Both plasma confinement and
stability considerablyexceeded nedictions. Inthe light of thisencouraging progress, opis for
upgrades to NSTX are being developed.

A successful outcome of the NSTX program would be to establish the foundationrinowative
national sphericalorus experiment at th€erformance Extesion scalgseeTable 1). An example of
such anexperiment could be @ext step gherical brus (NSST)designed tcachieve 5 - 10 MA in
plasma current andf, performance pr@ctions arerealized, tooperate wh deuterium-tritiumfuel,
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thereby taking fulladvantage of thdacility that will be availableafter the decommissioning and
decontamination of the Tokamdkusion Test Reacto(TFTR). Based onthe encouraging high
performanceH-mode hgh-betadischarges on NSTX, it isnvisioned that th&iISTX may be able to
supply the physics base neededthe physicsvalidation of NSST by 2006. A timely start of NSST
design and constction is needed tgsupport anacceleratedusion energydevelopmentpath which
includes a Component Test Facility (CTF), as discussed in the 2002 Snowmass meeting.

The Laboratory’s other majorinnovative confinement configuration initiative is the Compact
Stellarator, whichoffers the attractive pesibility of a disruption-freetoroidal plasmathat would
operate in steady-statgthout externakurrentdrive, rotation drive or feedbackystems. A proof-of-
principle experimentased onthe “quasi-axisymmetric” stedirator concept (QAS), the National
Compact Stellarator Experiment@$X), isbeing designed bthe Laboratory inpartnership vih the
Oak Ridge National Laboratory,ittv the collaboration of many othenstitutions. TheNCSX will be
used to mvestigate the effectsf three-dimensional plasma shaping, of internatipd externally-
generated sources of rotatiom@nsform, and ofuasi-axisymmetry othe stabilityand confinement
of toroidal plasmas. Results froMdCSX will be used toquantify the physicsbenefits of corpact
stellarators, passivstability and dkamak-like confiement including theability to manipulate the
turbulent transport with flows.

The NCSX prqgect successfully copleted a Departmérof Energy DOE) peer review of its
physics basis and physics design approach in 2001. The Fusion Energy Sciences AdvisatgeComm
(FESAC) designatedhe NCSX as a proof-of-principlexperimentone which vl examine abroad
range ofphysics issueand provide thephysics basis for assessitige concept’sattractiveness for
fusion energy and planning nesteps. The FESAC sattiat the potentigiusion gains‘earn for the
compact stellarator an portantplace in the pdfolio of confinementconcepts beingursued by the
US Fusion Energy Sciences program.” The DOE Office of Fusion Energy Sciences appiticedd C
Decision 0,Mission Need, autorizing the project tdegin conceptualdesign. The Degtment
requested$11M in its FYO3 budget submission toCongress to itiate the $73.5M project. A
successful DOE-SCLehman” conceptuablesignreview of engineeringphysics,cost and schedule
took place on May 2002. Titledesign is planned to begin October 2002equipment fabrication to
begin in FY04; and operation to commence in June 2007.

The Laboratoryhas accepted deadership role in mturing the nationalinnovative confinement
corfiguration processand helps orgare annualworkshops tofacilitate scientific dialogue and
assessment afonfinementconcepts.PPPL isalso performingtheoreticalanalyses andleveloping
proposals for experimental reseamh-ield Reversed Configuratis, within thePlasma Science and
Technology Department, dicussedbelow. We also activel support off-site concepexploration
experiments through PPPL’s University Support Program.

Theory and Computation

With recent advances in computational power, capabilities to study all areas of plasmahssence
greatly expanded.PPPL has strongapabilities in linearand nonlinear simulations afansport
phenomena, of macroscopic stability, and of the eftdagergetic particlesm plasmasin addition to
the goal of understanding plasmas, PAREory and Computatiocontributes sbngly to nnovation
in plasma confiement conceptsuch aghe spherical torughe stellarator, dedback stabilization of
tokamaks and stability of the Field Reversed Configuration. As a result, PPPL functions as a center for
national and international collaboration in a broad range of areas of plasmae seihichencompass
fusion research and other areas of plasma scientific inquiry as diverse as space phyiseplascha
thrusters. ie PPPLTheory Department also plays a key rolghe Prirceton University Graduate
Program in Plasma Physics.

In response to aequest fromthe Office of Fusion Energy $iences(OFES),PPPL haded a
national effort to establish a Plasma Sciengddvanced Corputing Institute (PSACI), which was
stimulated by the need for to take advantage of advances in high-performance computer technology. In
the process of developing a clear and compelling case for the inclusion of plasma sciprmessied
major programs such athe DOE Scientific Discoveryhrough Advanced Corputing (SciDAC)
PPPL hasassembled an astanding Program dvisory Committee @mprised of premier scientists
from both within and outside dahe plasma sence commuty, and formed a multi-institutional
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management team. PPPL supports the SciDAGsafuhded to do resear in microscopic modeling
of turbulent transport, macroscopic modeling of large-scale plasma instabilities and RF modeling.
PPPL is also a partner in the SciDAC Fusion Collaboratory.

Off-Site Research

Members ofthe PPPL esearch staffire participating in experiments at leading national and
international faitities, contributing importanskills to the host teams, while sengtheningthe PPPL
scientific program. National and international facilities provide opporturigiresutting-edgescientific
research. While contributing to the programs at these facilities, PPPL scientists arada&imgge of
resources ahe Laboratory inthe areas otheoreticalsupport, diagnostiand radio frequency (RF)
development, and integrative data analysis. This provides an excellent platmtdréss a wideange
of key issues of fusiorplasma scienceKey interests of PPPL collaborabrs include advanced
confinement regimesnagnetohydrodynamic (MD) stability, RF physics, supra-thermagbparticle
effects, and divertor physics.

In addition to scientific personnel, experienesdjineersare contributing to theperationgeams
at DIlII-D (located at Generahtomics) and CMod (located at theMassachusettsnstitute of
Technology), and are helping with the design @mstruction ofupgrades andhodifications to these
devices.

PPPL believes it iscientifically productive to maintaicollaborative s@ntific teamsEven with a
second proof-of-principledevice on-site, such as NCSX, PPPL illv still want to maintain a
collaborativeprogram at a very substantialvel. In addition to thesharing ofneededexpertise, the
scientific crosdertilization that results fromthesecollaborativeprograms isextremely important for
the success othe Fusion Energy Sciencd’rogram. For siifar reasons,PPPL plans for strong
incoming national collaboration on NSTX and NCSX.

Plasma Science and Technology

Small-scale experimeniareundertaken aPPPL inthe areas obasic plasma physicgnovative
confinement configurations, and applied plagechnology. Thisesearch diversifiethe Laboratory’s
program, sengthens ouconnections wth other fields of s@nce,such ashigh energyphysics and
space physics, and plays anportant role inthe training of graduatstudents andostdoctoral
associates. The Laboratory also encourages technology transfer from fusion reseaeththenear-
term practicaheeds ofthe nationsuch agplasma proessing échnology, inprovedplasmathrusters
for communications satellites, and advanced diagnostics for industrial processes.

TFTR Decontamination and Decommissioning

PPPL plans to complete the decontamination and decommissioning of THRR éyd ofFY02.
This effort is currently ahead of schedule and under bu@lgetobjective of this initiatives to bring a
timely, cost-effective closure to the TFTR Project and to help demonstrate the safetyieomental
attractiveness of fusion. The D&D process will allow the present TFTR Hlstohe avdable for a
future next-step “Performance Extension” device, such as NSST.

Burning Plasma Experiments

The 1998 FESACPanel Repa and the 1999 SEAB reportsupportedthe development of a
burning plasmaexperiment. Thdusion @mmunity, including PPPL, haseen participating in the
Next Step Options program to @dop a conced for a mnimum cost tokamak burning pasma
experiment, called FIRE. We are also interested ipdtential of the U.Srejoining the TER project
as a junior partner. This will allow the US scientists an opportunity to study burning plasma physics in
a large-scale, high-duty-factdevice. If this occs, an appropriatinding level vill be necessary to
be an effective @artner in the TER project.Indeedthe PPPL perspective ighat aneffective fusion
program requires both a strengtheningh&f domestigprogram ofscience andghnovation, as well as
collaboration in an internationdurning plasmaexperiment. Asarticulated bythe variousFESAC
planningdocuments, its only by the combinatiorof understandaig-driveninnovationand a burning
plasma experiment that it wille possible t@rovide hunanity with cost-dfective fusion systems. The
Fusion Energy Sciencegdvisory Committee FESAC) is currently reviewing optiorn®r moving
forward with a burning plasma experiment.
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The Graduate Program in Plasma Physics and Science Education
The Laboratory placegreat importance on the continuation of its close relationsitip the
Princeton University Program in Plasmaysics. Thd’rogram, wth over200 Ph.D. gaduates since
its inception, provides training in plasma physics relevamagneticfusion, as well as in thieroader
field of plasma science. The scientific diversity RIPPL, as well as its outstandingpabilities in
magnetic-confinement fusion, continues tivaat thehighestquality students tdhe Program. Within
the S@ool of Engineering, thé’>rogram in Plasmactnce and Technology bgstogether sidents
from a broad range of departments involved in plasma studies, building ties to fusion plasma science.

The Science Education pmagn seres undergraduates astlidents andetichersn gradesk-12.
Programsinclude scientificreseach experiencespartnerships wh school dktricts, teacherstaff
developmentand curriculumdevelopment with an gohasis on Internetdsed sciencenvestigations
for students.

University Relations

Princebn University is the contractdior the Department of iergy. Assuch,the Laboratory
places great importance on thentinuous strengthening @& close relationship #ir the Princeton
University. The Laboratory as well tee University benefit fronthe collaborativeelationsthat occur
in a number ofDepartments anBrograms — AstiphysicalSciences, Coputer Saence, Mechanical
and Aerospce Engineering, pgplied Mathematics, the Pdabn Materials Institute, the Ceter for
Energy and Bvironmental Studies. Bgynergistically utilizing theseesources bottorganizations
benefit from the exchange of ideas, resources and personnel.

|.C. Organization

Table 2 shows the Laboratory organizati®rojects are aayed on the left-hanside ofthe chart,
while the supporting functionsre aligned on theight-hand side. This ganizational structure is
working well, with the support oganizations successfully supplyicgpabilities to the projects, large
and small, on-site andbff-site, in aneffective maner. The“ladder” of Sience FocusGroups has
also been successful in providioggoing scientic focus and coordination tthe PPPL activities that
cover a wideange of s@ntific endeavors. In gene®PPL nanagemenhasbeen able to avoid the
sort of“silo” mentality that camevelop in organizationgnd indeed there is arehg sense in the
leadershipthat thewhole Laboratory (and indeedhe whole Fusion Energy Sciences program)
succeeds or fails together.

|.D. Conclusions

PPPL has a bright future, becaulse Laboratory’s stengths andtrategic plan are aligned to the
goals of the US Fusion Energy Sciences Program. The success of PPPL is a key tfaegucicess
of the oveall Fusion Energy Science$rogram.Success inachievinga positive futurefor the
Laboratory and the Program will require a continutogperativespirit among PPPL, OFES, and the
national fusion research community.

Il. Laboratory Mission, Vision and Core Competencies

IlLA. Mission/ Vision

The PPPL Mission
The DOE Princeton Plasma Physics Laboratosgy@ollaborative Idtional Centefor plasma and
fusion science. Its primary mission is to devdlop scientificunderstanding anthe key nnovations
which will lead to an attractive new energy source. Associated missions include conducting world-class
research along the broad frontierptisma science andahnology,and providingthe highestquality
of scientific education.

The PPPL Collaborative Vision
Deepeninghe understanding of plasmas and cragtkey innovations tamake fusion power a
practical reality.
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11.B. PPPL Role in DOE Laboratory System

PPPL isthe only single-purposé.aboratoryfunded bythe US Departent of Energyfor the
development ofusion and for esearchin the underlyingdiscipline of plasma sciencPPL teams
with other N&ional Laboratories tachievethe DOE's goals. Aparticularly stong example of this is
the PPPL/ORNL collaboration on the Compact Stellarator design.

I.C. Core Competencies

The Laboratory has a highly skilled work force axtensive capabilitiekor the experimental and
theoretical stdy of fusionand non-fusionplasmasand forthe integrated design, fabrication, and
operation of experimental plasma facilities oftglles. Managemeity PrincetonUniversity provides
the institutional framework for road laboratory-based prograrheducation in plasmphysics and
related science and technology. Core competencies of PPPL are:

Plasma Science and Technology

» Experimental analysis of stability and confinement in fusion plasmas.

» Plasma theory for fusion and other applications.

» Computational physics and numerical simulation of plasma processes.

* Physics design of experimental plasma facilities.

* Physicsand technology of plasmheating and current-drive, including neutogiamand radio-
frequency techniques.

* Physics and technology of plasma diagnostics and instrumentation.

* Physics and technology of plasma applications to advance industrial technologies.

» Design and inplementation ofbasic plasmahysics experiments,such as used for studies of
magnetic reconnection or plasma-surface interactions.

Engineering
» Engineering design and analysisexfoerimental plasma facilitigacluding magnetics, neutronics,

thermal, and structural analysis.

» Systems integration and construction management for experimental plasma facilities.

 Operation of experimental plasma facilities.

» Mechanical engineering, including structures, vacuum, cryogenic, and tritium systems.

» Computer engineering, including data-acquisition, instrumentation, and controls systems.

* Electrical/electronic/electro-optiengineering,including powerconversion, diagnosticand radio-
frequency systems.

» Environmental, safety, and health aspecth@foperation and decomm@sng of contaminated and
activated experimental fusion devices, including tritium operations.

Education

* Provision of faclty for an inegratedprogram ofcoursesand esearch supervisiofor graduate
students in plasma physics and related science and technologies.

* Implementation of aroad sance educatiorprogram for the comnunity-at-large, including
undergraduate and pre-college students and science and mathematics teachers at all levels.

[1l. Laboratory Scientific and Technical Vision and Strategic Plan

The January27, 1996, report of thé&usionEnergy Alvisory Comnitee, titled “A Restructured
Fusion Energy Sciences Program,” resultethegoals forthe nationafusion energy program. The
fusion mission states:

Advance plasma sciendasion soaence,and fuson tchnology — the knowledgeaseneededor an
economically and environmentally attractive fusion energy source.

The Department of Energy policy goals to assist in achieving this mission are:
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Advance plasma science in pursuit of national science and technology goals.

Develop fusion soence, ¢chnology,and plasma confinementriovations as theentral theme of the
domestic program.

Pursueburning plasmasnd fuson energy seince and technology aspartnerin the internationgl
effort.

I1I.A. Vision and Strateqgic Goals

The nationalfusion mission and goalsre deeplyconsonant wh the missionand core
competencies of the Laboratomcluding the educationalgoals of the Laboratory and Princeton
University. The current challengettte Laboratorys tofind the most cat-effective nethods possible
to help the DOE achieve these national goals.

The programs andactivities listed below constitute the strategic appro&PPL haschosen to
contribute to meeting the national goal for thesionEnergy ScienceBrogram. The program is also
shown inTable 1,PPPLProgram Plan. Thassociated fundingyrganizaton, staffing, andresources
by programareshown inTables 2, 3, 4, 5 and 6. THRPPL Programincludes: National Spherical
Torus Experiment; @f-Site ResearchAdvanced Prigcts; Plasma Science and Technology; Theory
and Computation;Laboratory Program Development Ativities; Education; TFTR D&D and
Caretaking.

In examining Tales 2-6,and in reading the followingext, it is inportant to recogme that the
program described here is envisioned to encompass aavige of importanscientific opportunities.
It is recognizedhat some of the scientificitatives desched here may not be piementeddue to
limitations in DOE funding andthe need to maintaian institutionally balancegrogramretaining
national core competencies.

I11.B. Critical Success Factors

There are several critical success factors, wimight serve agstitution guidesn orderthat PPPL
meet its mission and the strategic goals. These include:

« Perform work safely and with high environmental responsibility.

+ Meet and exceed commitments made to our customer (DOE).

« Strengthen and broadenllaborationboth withinthe fusion comnanity and inthe wider
science and technology communities

« Innovate on thébasis of solidscientific understanding in order tadvancefusion and
plasma science.

I1I.C. National Spherical Torus Experiment

PPPL is responsible for the operation and managemehe dISTX facility. The NSTX research
is being carried out by the National Research Teaprdee thephysicsprinciples of vey low aspect
ratio sphericaldrus (ST) plasmaslThe ST hasemerged as aattractiveconfinement concept and
promises many desirable plasma properties thaifdngh scienfic interest and may help reduce the
cost of developing fusion energy applications in the future.

NSTX will carry out this investigation iplasma discharges wigiignificant puse lengthgup to 5
seconds) using an array piasma kating, controland diagnostic techniquebhe Project installed a
Neutral Beam Injection (NBI) system with 5 MW, 5-second capability in FYQO.

The objective of th&lSTX ResearchProgram is to examine: if)e physics pmciples of plasma
startup in an ST without relying on an inboard solenoid magnefféttive heating anchon-inductive
current drive for steady-state operation; 3) stably confining high plasma pressure at low magnetic field,;
4) the possibilities for maintaining high fradions of self-driven (bootstrap) plasma current; 5)
achieving good energy confinement in a small-size plasma; atidg®rsingheatand paticle fluxes
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at the plasma edgeRositive outcomes of thes@vestigations wouldead to STfusion devices
combining high fusion performance, small size, feasible power handling, and good economy.

The present NSTX Researd¢Programbegan inFY00, and is planned to carry out reseafch a
10-year duration inthree phasesemphasizing successivelyductive, Noninductive Assisted, and
Noninductive Sustainedplasma operations. Thiaductive oration phase successfully concluded
during FYO0O. It involved commissioning wiitial plasmaoperations andliagnostics, and experiments
to optimize plasma startup and confinement primarily with resistive heating.

The NoninductiveAssisted operatiophase began iRY01, and isexpected to require years.
This phase aims tanvestigate STplasmascharacterized byaveragetoroidal betas up td®25%,
significant bootstrap currérfraction ~ 40%, and confinemeabovethe tokamak "Low-confinement
mode" scalingexpressions. Activeeedback stabilization diHD modes is nofanticipated to be
necessary during this operation. gddy, inJune2002, a toroidal beta &4% hasbeen reached and
plasmas inthe tokamak "High-onfinement mode"have aclgved confinement timesabove the
standard tokamak scalings for both low and high confinement modes.

The Noninductive Sustained opeoatiphase igxpected to begin iRYO05 for a four-year period.
Experiments vl i nvestigate STplasmas \th elongations up to 2.5 ith averagdoroidal betas up to
40% bootstrap current fraction up t&/0% wellaligned with the tdal curent pofile, and excellent
energy confinemnt. Control ofMHD modes inthe pesence of a stabilizg resistive wih and all
plasmaprofiles are anticipated to b@&ecessary to approach this dlivstabilized” regime. The
Noninductive AssistedPhaseExperiments on NSTXshould provide importantinitial data on the
resistive wallmodes tadeterminerequirementdor active edback stabilizationrAdditional data for
active edback stabilizatioshouldbecomeavalable from the on-goingtokamak experiments (e.g.,
DIlI-D, andHBT-EP) toenabledesign of aractive £edback control sfem on NSTXfor resistive
wall modes. PPPL is a majoollaborato in the DIII-D resistive wall modexperiments. Thehase-I
feedback stabilization toolsilivbe designed inFY03 and impemented inFY04 to enable the
Noninductive Sustained Phase experiments.

The NSTX research program expected to contribute much to thderstanding ofusion-
relevant STplasmas of very high beta, high feenatureand low collisionality in paticular, toroidal
fusion plasmas igeneraland naturallyoccurring plasma phenomeina space. The considerations
include:

« Noninductive plasma formation via Coaxiatlidity Injectionand Electon Bernstein Vilve EBW)
Heating and Current riye, taking advantage of themall magnetidlux content inthe ST plasma.
The physicsmechanisms ohon-inductve startup in ST(field line reconectionand largeplasma
flow) have been observed in the HIT (Helicity Injected Tokamak) anéikhdl experiments at the
University of Washington, andre similar in nature to thghysicsresponsible fothe formation of
solar flares.

« Heating and current drive via High Harmorfiast Wave HHFW), EBW, and NeutralBeam
Injection (NBI), taking into account thershg bcal magnetic shear, vehigh dielectricconstant,
supra-Alfvén energetiand tail thermal ons andthe small magnetiflux of the ST plasma. This
parameter regimealso characterizes much ahe ibnospheric andstellar plasmasand their
interactions with electromagnetic waves and energetic particles.

« Very high stability and opration limts, taking advantage ofaturally largestable elongations,
strongly staltizing magnetic field line structure, adest Afvén speed ompared to sund speed,
minimal externalplasmainductance, the potentidbr large fully alignedbootstrap current, and
inboard rigidity of poloidal flux (increasingresilience to plasmaistuptions).Local plasmabeta
(ratio of plasma pressute magnetidield pressure) vales oforder unityare anticipated in the ST,
which far extendghe present dataise of modest betar high tenperaturecollisionlesstoroidal
plasmas. As the aspect ratio approachesailverllimit of unity, the sphericaldrus alscapproaches
the physics regimes of Field RegedConfiguration FRC) and Spheromakikely extending their
existing database from modest temperatures to high-temperature collisionless plasmas.
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« Reduced microturbulence and enhanced transport barriers, taking advantage of the repaetsde of
precession at high beta, the very large sltetiow at high betand momenturmput, large gradients
In beta, larger ratios of ion gyroradigsplasma sizeand compressed nelassical doits due to the
large pressure gadients anglasma flowsSuch plasrasare likely to eveal an ina@ased role for
small size scale electromagnetic turbulenceiveléo the electrostatic turbulence thaas so far
dominated theow-beta toroidalplasmas. New understanding electromagnetic turbulence in the
ST will also contribute directly tae progress of research in FRC, Spheromak,.esadplasmas in
astrophysical accretion disks

« Edge and Scrape Offayer (SOL, divertor and limter, taking advantage of théarge magnic
mirror ratio, outboard feld line curvatire, and flux-tube expansion ithe outboardSOL. Such a
SOL configuration represents a "strongly twisteagnetic mirror" and offersdirect link in plasma
physics between the toroidal and linear magnetic confinement devices.

- Integrated and sustainegeration taking advantage of thabove STplasma featureand thehigh
edge safety factor in theresence of halw currentprofiles — but mnotonic q préles. New
prospects for begiicial synergyamong thesghysicsfeaturesin the advancephysicsregime are
introduced bythe ST: veryhigh stable beta #ir hollow curent profiles, sbng suppression of
turbulence, improvedeoclassical transport, largead alignedootstrap currenand reduced major
radius that eases non-inductive current drive. Succéisesa physicslevelopments wodl establish
a new and attractive scientific basis for fusion energy and its development.

A collaborativenational €am was faned in1999 tocarry outthe NSTX ResearctProgram. A
management approadias beendeveloped wh DOE to implementand strengtherthe national
research program. Desirable upgraalkesbeing incorporated intbe NSTX National ResearcRlan.

A strong NSTX Program Advisory Coniitee, conposed of senior US and wordsion researchers
meeting two times a year, has been active since July 1996 in shaping the very successful NSTX Project
and Program.

In order to support thexciting scientific research program on NSTX, a number of sophisticated
profile diagnotic upgradesare beingoroposed byboth PPPL and collaboratingnstitutions. Major
proposed dignostic enhancements include MISE/to measure the plasmradial elecic fields as
well as the plasma current profiles, lokvimaging and high-k rorowave scatteringsystems to
characterize th@lasmaturbulencesresponsible foithe plasma anenergy transport, and poloidal
CHERS to measure the plasma poloidal flows to complement the existing toroidal CHERS system.

An exciting near ternfacility upgrade possibility on NSTX ithe incoporation of advanced
plasma facing coponents usindiquid walls, such adithium. Liquid lithium could improve plasma
performance by reducing plasma edge recyclingevnotecting the solid wafrom intenseheat and
particle flux expected in highepformance STlpsmas. Wth a properflow control, the moving liquid
lithium can also beised tostabilize theMHD modes, acting as a moving stabilizinglwThe liquid
lithium experiment on CDX-U and other devices, andlitheim module developmentand test by the
National Mrtual Laboratory of Technologghould provide sufficient datafor a decision point in
FY03-04 with implementation on NSTX in the FY05-06 time frame.

A further potentialupgrade tahe NSTX facility is an Electron Bestein Wave EBW) heating
and current drive systeniheoretical studies indicate that EB waves may be very effioermurrent
drive, due to their electrostatic nature near resonance, and thatastgshmaype practicato launch in
highly over dense plasmas such as NSEXperimental studies of EBW emissitnom CDX-U and
NSTX areencouraginghat antennasan bedesigned to launchlectromagnetic waves which couple
into EB waves in ateep densitgradient region vh high efficiency. An EBW heating and current
drive system could provide surgical accuracy for stabilization oflassical tearing modes, as well as
high efficiency for current drive, atsmall fracton of he cost ofthe high-frequencysystems redqred
for EC heating and current drive in conventidisthmaks. An important decisigoint forthe phase |
EBW system is expected at the end of FY 03.

After completing the next five-yeagsearch plan oNSTX, an upgrade ofhe centestack can be
envisioned. Thaenew ceter stack wll enable theNSTX to perform atsignificantly higher plasma
currentfor a long pulseoperation. The higher operating currerit wnable NBI to opate at higher
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efficiency and the longer pulse capability veitlable NSTX to make furér progess on thé&-ESAC 5

- 10 year goal of ST attractiveness assessmemgdolse >>t -skin. NSTX, with anupgradedcenter
stack, cancontinue spérical brus research, insupport of NSSToperations, during the NSST
construction phase.

I1.D. Off-Site Research

PPPL’s Qf-Site Research program is targetedtta¢ performance oforefront research on key
scientific questions using leadirfiggilities in the USand abroad. Theotivationfor PPPL’s off-site
collaborationprogram isthat certairkey issues in fusiorenergy s@nce areboth inportantfor US
research andequire theuse of off-site facilities. Domestic off-site tokamak facilities afford
opportunities for innovations and for studies of knowledge-based plasma control at medium size-scale.
International tokamak fdities, which lead in sizacale (which isghe dinensionthat denands the
greatest extension in making projections to reactor-saailéies), afford opportunigs for studying
the size-scaling of key issues such as transport barriers, core/esiyse baécassical tearingnodes,
resistive wall modesand energetic pdicle modes.International stedlrator facilitiesallow PPPL
researchers toxplore a confinementonfigurationthat is more externally controlled, enates in
steady state ihout curent or rotatiordrive, and which mayoffer apath toavoidance of diruption-
related problems in tokamaks. In thsase,and in the case ofokamak research, rehg linkages
between off-site activities and on-site research help to strengtremertific collaboration both
naiondly andinternationally,andassurethat the latestinderstanding antechniquesravel quickly
from team to team.

Working with the US commnity and the leasts of theprograms at Alcator C-Modat MIT,
Cambridge, MssachusettsPlll-D (at General Atorgs, La Jolla California), JET (in Abingdon,
England, under the Europe&nsionDevelopment Agreement EFDA), <-BDU (in Naka, Japan), and
LHD (in Toki, Japan), scopes of work that address key issues in fusion research have been defined for
PPPL esearch-participation. Thesissues include optimization of the tokamak concept by
measurement and control of the profitdshe plasma curreérdensity, plasm pressure, antlansport
as well as improvementof plasma stability by feedbackontrol of resistive wall modes and
neoclassical tearing modes. On LHD, the issuglade exploration anddvancement ahe stellarator
concept and application of diagnostic amdalysis techujues to mcreaseunderstanding.PPPL
focusesits off-site esearch on specifibigh-priority goals, fielding esearchteamsthat function as
members of reseeln programs at reote facilities,but with strong intellectualties to thelLaboratory.

PPPL recognizes that participation in off-site research is best achieved via strong partnership in remote
programs as integrated members of the remote progras@arch team. TabBeprovides statistics on
the collaboration effort at the various research facilities.

In addition to scientifipersonnel, experienceshgineers and highlgkilled technicians contribute
to the operations dam atDIll-D and C-Mod, andhelp design and constructpgrades and
modifications to these devices.

The scopes of off-site research programs are summarized in the following paragraphs.

« On DIII-D, the programmatic focare in theareas ofMHD stability generallyand feedback
stahblization of MHD modes secifically, transport,and RF heatingand currentdrive. In MHD,
PPPL researchers and engindmgedesigned andhstalled feedback stabilization tools (including
saddle coilsfor signal detectionand feedback powesupplies fornonaxisymnetric coils), have
designed fabricated,and utilized steerable electron cyclotron current driarichersfor current
profile control and feedback stabilizatiai neoclassical tearingnodes,and aredeveloping and
applying data analysis codes, coupling PPPL theory codeit® data, and developing enhanced
MHD and disruptoin diagnosticsin transport,PPPL researchersire analyzing experimentdhta,
participating intransientheat pulse and transport barri@xperiments,and participating in the
development of advancediagnostics. In RFheating and auent drive, the steerable electron
cyclotron currentdrive launches are used for studies othe fundamentalphysics of wave
propagation and absorption.

« On C-Mod, the programmatic foci are RF heating and current @lv@ncedokamak research, and
transportPPPL hasaugmented the G4od lon CyclotronRange of Frequencies (ICRF) system
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capability wth two RF tansmitters and 4-strap RF antenna amustalledseveral dagnostics that
support the research program. The Motional Stark Effect (MSE) will provide key information on the
profile of the plasma current; its operatiomigpected to start as soas the Russian-btidiagnostic
neutral beam is injected into plasi?&PL is also working #ih MIT on the designinstallation, and
operation ofa lower-hybrid current-drive sgtem on C-Mod for off-axis e¢tent drive;PPPL has a
long history of involvement in lower-hybrid research, most recently oRB¥-M experiment; MIT
was a collaborator on tHeBX-M lower hybrid experiments, particularly in theusty of energetic
eledron generation andransport. Thedwer hybrid system vl contribute toadvanced tokaak
research by permitting studies the effects of plasma current profile on the stability sadsport
of the CMod plasmafor timeslongerthan the currentedistribution timeln transport,PPPL has
installed andutilized agas-puff imaging diagnosti thatviews the light emitted as burst of gas is
injected into the plasma; litas shown imiguing structures forthe turbulence in the plasma edge.
PPPLalso performs transport sinations and benchanks transpa theories againghe C-Mod
data.

- On JET, the near-termareas of concentratioare tansport andstability studies,especially for
plasmas \th reversedshear. A keymedium-term area iburning plasma physicsexemplified by
participation in their deuterium-tritiumpprograms PPPL is engaged in studies of “optimized shear
plasmas,”both bydesign, falication,and operation of a BE system(collaborating wth Culham
Laboratory) and byparticipating inanalyses andexperiments targeted at plasma performance
enhancement. In addition, an on-site PPPL researcher is playing a key role in both plasma operations
and acollaborative stdy of the plasma edgePPPL isinstalling a reflectometer sstem for
measuring the characteristics loétplasma turbulence 3t T. PPPLresearcherarealso engaged in
planning diagnostic and plasma consgktems forthe JET EKtended Performancghase.PPPL
has proposed that the US be more strongly involved in the future in JET.

« On JT-60U, three areas of wtly have been conducted: higheta plasmaresearch,including
transport analysis of reversed-shpksmas, instabilitiedriven by thehigh-energy ans from their
high-energy neutral beam (burning-plasma physics), and MHD activity and disruptions.

« PPPL hasdesigned diagnosti cassettedor the KSTAR superconductingadvanced tokaaek
program in Sout Korea.PPPL is veryinterested in working ith the Korean andinternational
teams to increase the capability and flexibility of KSTAR and to exploit its capatiitiéscreasing
the understanding of long-pulse tokamak plasmas.

In the innovative confinement configurations arenalthieoratory’son-siteactivities in stetrator
physicsare being complementdsy increasingcollaboration on international stellaratprograms in
Japan and Germangnd its on-site sphericabrus esearch W be augmented by collaboration on
MAST (located in England). On LHD in Japan, PR&ktudying fast-ion loss, agnetics diagnostics,
beam particle dss using alFTR nedral partide analyzer,and electron cyclotron emission. On
Wendelstein in Germany, PPPL will analyze the stability of current-carrying plasmas.

Ill.E. Advanced Projects

The Advanced Projects Department is respons$tl¢he stellarator mtiative discussed irSection
IV.A, Next Step Options, and Fusion Technology .

Next Step Options

As a result ofrecommendations by tE998 Grunder FESA®anel Repad andthe 1999 SEAB
Report on Ralizing thePromise of Fusion Energy,dS Next Step Option desigactivity hasbeen
organized to develop a concdpt a burningplasma experimerhat wouldallow the exploration of
the retvant sance at lowercost than ITER. In keeping itlv the potential roles for significant
initiatives in the fusion program, primaryconsideration is firsbeing given toan experiment that
focuses on tokamak bung plasma physics. Th@ogrammatic objectivéor this study is tadentify
and characterize a burning plasma experiment facility suitable for a constrained funding environment.

The Next Step Option studies are part of the Virtual Laboratory for Technology and organized as a
national activity involving many US fusion laboratories, unirsities andridustry. PPPL hasbeen
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assignedseveralleadership rolesThese includdoth prgect head angbhysicsheadfor the burning
plasma option being assessed.

A pre-conceptuabesign is beingdevelopedfor a high field, copper nagnetburning pasma
experiment,Fusion Ignition ResearcteExperiment(FIRE). Its missionwould be to attain, explore,
understand and optimize fusion-dominatemspias to provide tHenowledge needefdr the design of
attractive MFE systems. The configuration features liquid nitrogen coagdets, doroidal field of
about10T, fusion power leels of 150 - 200 MW, burn timesf ~ 20 s. The higliield magnet will
accommodate longer pulse lengths at moderate fields to contribute to the longdpalseed tokaak
objective. After supporting thBnowmass process in FYQ&tnext stepn designprogression ofhis
option may be the completion of pre-concepttethnicaldesign and coststimates of the baseline
configuration, identification of ritical physics and engineeringR&D activities and evaluation of
opportunities to optimize the design pointN&O Program Alvisory Committeehasbeen formed to
guide NSO activities.

The potential role of thdJnited States inthe international ITER project isinder serious
discussion. If a significant role for the U.S. is established, PPRhgasly single-program ational
laboratory for fusion, should be a major contributothi® managemerand science of thisndeavor.
Key areas where PPRian contribute in mnagement include natally-basedechnicalcoordination
such as was establishémt TPX, and which hagontributed to thesuccess of NSTX. In thisontext
PPPL is vell-positioned to organize the awarding of industrial contracts using top-restbhidal
management talent, and withqerceived or actuabnflict of interest.From a s@ntific point of view,
PPPL isalso uniquely welpositioned tacontribute tothe design andmanufacturefor example, of
neutron-hardened plasma diagnostic systems.

Fusion Technology

It is important thatPPPL play a significant role irfiusion tchnology develpment. Areasvhere
technologydevelopmeniactivities are carried out thin the AdvancedProjects Deprtmentare as
follows:

Power Plant Studie®PPL hagarticipated in the nation&ower Plant studies, ARIESr 12
years, for example taking a leadership ® in developing the*advanced tokalmk” concept
incorporated irthe ARIES-RSand ARES-AT designs. Presergarticipation isboth in the physics
design effort and thengineeringdesign and analysis. lRY01 the ARIESstudies focused on a new
initiative to scope options for IFE reactors. In FY03 a compact stellarator reactprvgit be initiated
that wil continuefor severalyears. Beyond this timeame, PPPL advocatedurther work on the
fusion development path, including non-tokamak alternatives.

AdvancedPower Extracbn Studies: A criticism opresent maggtic fusion reactor conceptual
designs ighat the materialand configurationsor the first-wall, blanketand diertor restrict reactor
operation. There is a national effort to develop and assess alternative concepts for the firahketl, bl
and diertor, whch are capable of ¢in-power density operation armermit enhanced component
lifetimes. This is a joint effort involmg the Advance®ower Extractbn (APEX)and Advanced Liquid
Plasma-facing Surfac€ ALPS) fusion echnology programs. ThePPPL Advanced Projects
Department contribution idivided betweerphysics ineégration and engineering tduid first walls.
(See below for contributions by CDX-U within the Plasma Science and Technology Department.)

Diagnostic TechnologyDevelopmentProgress in fusionesearch reliesheavily on detailed
measurements of plasrparameters. Imecent yearsor example,cortinuing improvementin profile
diagnostics coupled with the emergence of increasingly sophisticated turbulence diagnostics has begun
to provide physicists with the depth of data needeedictheunderstanding oplasma tansportbeing
developed through the use of advanced parallel comfRREE has an experienced teahphysicists
and engineers actively pursuing many new diagnostic directions, for use HeEPrdevicesand on
other fusion devices around the world. PPPL is also actively collaboratingevitnal uniersities and
industries to develop innovative diagnostic instrumentation. In addRiBRL researcherare active in
planning aimed at meeting the challenges of diagnosing a burning plasma experiment.

RF Technology. The objective of the PPPL RF technobtepelopment igo provide RFantenna,
matchingand source systems whichillvserve torealize thefull potential of RFtechniques for
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application to reactor regimplasmas andor supportingthe development oboth the advanced
tokamak andnnovativeconfinement configuratiopahs to potential reactor device$his work is a
central element of PPPL’s off-site reseaetigagements, ith ICRF antenna systenteing provided

for C-MOD and JET, a LH launcher beiognstructedor C-MOD, and ECH/ECCDantennas being
provided for DIII-D and KSTAR.

Socio-economic Studiefusion isnot beingadequately factoremhto long-term energy planning
even houghthe needor long-term non-cdoon-dioxide producing energy optiohsas beenclearly
identified. PPPL iglevelopingfusion inplementatiorscenarioghat demonstrate thpotential role of
fusion duringthe second hlf of the 21st centuryand is vorking collboratively tohavethese ideas
incorporated in scenarios develop ed by the energy and environment community.

lll.F. Plasma Science and Technology

The Plasma Science and Technology Departsapportsthe Laboratory mission by performing
basic research to acquinew knowledge in plasma smce,and by using this knowledge tevelop
new plasma technologiefoth in and outsidef fusion research. Whileonstituting only a small
percentage of théaboratory’sfunded activity, this Deprtment plays aritical role in providing
scientific breadth andiversity. The departmentalso plays a major role ithe training of graduate
students and postdoctoral associates. These missions are accomplished by:

» Performing versatile, science-focused experents on basic plasmahysics and innovative
confinement configurations at PPPL and at other universities and research sites.

» Applying plasma theory to other disciplinesjch ashigh curent high-energyaccelerators and
industrial applications.

» Developing near-term applications of plasmasce which demonstratbe practical value of the
research performed at the Laboratory to meet both commercial and government needs.

 Providing experimental facilitiesand physics exprtisefor Princeton Uhiversity graluate student
Ph.D. theses and for work by PPPL postdoctoral students.

The presentdirection ofthe Plasma Science and Technology Department istiengthen its
existing programs on:

The Current Drive Experiment -ddrade (CDX-U. The CDX-Ufacility is now employed to test
the use ofliquid metals, inparticular liquidlithium, as pasma-facingcomponentsA liquid first wall
offers many advantagesver solid phsma-facingcomponents in aeactor, if it can besuccessfully
implemented. Lithium walls may also provide access to novel plasma regimes. As paAdfiaheed
Liquid Plasma-facing Surface (ALP8)ogram in fusionechnology,CDX-U hassuccessfullytested
a large area fully toroidal liquid lithium limiter as a plasma-facing component. The performance of the
limiter was acceptablEom an engineeringtandpoint, andurthermoreproduced arenhancement of
plasma performance.h& next experimentgbhase W involve installation of a circulating liquid
lithium limiter system as dest of a more ambitious plementation ofliquid lithium as a limiter or
divertor target, nowproposed for NSTX. lis alsoproposed to exteneixperiments omowel plasma
regimes accessible witton-recycling walls to a newexperiment — the LithiunTokamakeXperiment
or LTX.

The Magnetic Reconnection Experiment (MRXevicessuch as MRXare testbeds todevelop
innovative ideas and test basic understanding of plasma physics. The MRX facility is jointly funded by
the DOE, the National Aeronauti@nd Space Admistration (NASA), and the Mtional Science
Foundation (NSF). Research focuses on magnetic reconnection, which islomenostfundamental
plasma physics issues in both laboratory and space plasmas. MRX data hasvadickadsignificant
impact onspace andastrophysics byroviding cluesfor understandingollisionless econnection,
merging angle dependence and the validitgwéet-Parker reconnection moddlee present research
is focusedon non-MHD physics inthe reconnection layer. Futureudy will cover plasma
acceleration, 3-Dreconnection, global MHD effects and magatic helicity evolution during
reconnection. Researam the formation ofFRC and possibldow-aspect ratidoroidal plasms in
MRX, through magetic reconnection, magiso provide the scientifibasis forthe futureinnovative
experimental studies.
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Recently a multi-institutnal proposalled by the University of Mgconsin, for a “Rysics
Frontier Center” has been approumsdthe National ®ienceFoundation. The MR>experiment is an
integral part of this proposal, andlvie funded byOFES forsignificant upgrades asgpt of that
activity. The Ceter arrangement is planned lkead toenhanced interactions amgst laboratory
experimentalists, theists from boththe fusion and astrophysics comumities, and observational
astrophysicists.

Theory and experiments on nonneutral plasmas are aimed both at basicgtigsiosand at new
applications,ranging from high-energy picle acceleratorso the development of aew type of
vacuumpressure sensoExperimentaland heoretical @search is carriedut to nvestigatethe basic
properties of nonneutral electron plasmas confined in a Malmleemgii)) trapand theinteraction of
the plasma electrons with background nelwges. Advanced analycal and nunerical studiesare also
carried out tonvestigate theonlinear beandynamics and transport properties of intense nonneutral
beams propagating in periodic-foaugiacceleratorand transport systems,itiv particular erphasis
on next-generatioracceleratorgor heavyion fusion, spallatiorneutron sources, and high energy
physics applications.

Heavy lon Fusion \ftual National Laboratory: The Priceton PlasmaPhysics laboratory,
together vith Lawrence Berkley National Laboratory aridawrence Livermore Bltional Laboratory,
are vital partigpants inthe Heavylon Fusion \fitual National Laboratory. The long-term objective of
theU. S. heavyion fusion programs to provide a comprehensive sdifn knowledgebase and the
enabling technologies requiréor inertial fusion energy diven by high-brightassheavyion beams.

A fundamentalheoreticaland experimentalunderstanding of ndinear space-charge effects on the
propagation, acceleration andmpression of high-brighéss (high-current and low-étance)heavy
ion beams is essential to the identification of optimal operating regimes in whitdmeegrowth and
beamlossesare minimzed in periodic focusing acceleratorand transporsystems forheavy ion
fusion. Building on PPPL’s consideralitchnical expertise, tHeaboratory’sparticipation in \itual
National Laboratory researcactivities focuseson: (a) development of advanced analytical and
numerical models describing the nonlinear dynamicscaltective processesharacteristic of intense
heavyion beampropagation in periodifocusing acceleratorsand transport systesnincluding the
identification and mitigation of the effects of collecteam-plasma interactionstine target chamber;
(b) experimental investigations of the edfft of multielectron loss events oheavy ion beam
propagation in the target chamber; (c) development of novel rf source techniques for preionized plasma
formation to bemplemented atBNL on the NeutralizedTransportExperiment to stdy collective
beam-plasma interactions; and (d) deselopment oengineeringdesigncapabilitiesdescribing pulse
compressiorscenariosthe finalfocus nagnet systemand thevacuum puming system athe target
chamber interface.

The Magnetic Nozzle Experiment (MNXipvestigates collisionatecombination promoted by
interactions with neutral gas. This is a small-scale experiment on magnetized plasmas, concentrating on
atomic physicsand plasmaphysicsandtheir applications to space progiain, naterialsprocessing,
and compact aneutronidusion experiments. These studies build on collaboratiorith WRC
experiments at the University of A8hington. The sandevice will beused forthe newFRC/RMF
experiments (see below).

Plasmaapplications include thdevelopment of a newechniquefor food stettization using RF
and ncrowaves, plasma applications related to spacecraft thrusters, and applications related to
improving plasma display panels. PPPL has also initiatesivaplasma application to ingwe plasma
sterilization techniques that would potentially have application in the food and beverage industry.

Off-site_univergly researchsupport which offerghe scientift and technologicalresources of
PPPL to universityprograms in fusion sence, pdrcularly to hose smaller plasmagroups which
could most beefit from "scientific outreach” byPPPL. This program atiws PPPL scientists and
engineerdo collaborate vth Universities insuch areas asexperimentaldevice design, diagnostics,
dat acquisition andanalysis, plasma heatirgystemsengineeringand theory. All types of OFES-
funded University researctare suppodd, includinginnovative confinementconfigurations in both
MFE and IFE, and basic andpplied plasma science. It is expectedt eachof thesesupport
programs will complete its initial goals after about 3 years.
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FRC/RMF experiment: an experimentaludly of paticle heating byrotating magatic fields
(RMF) in FRCshaving cbsed fluxsurfaces. Thexperiments Wl examine solutions to &ng-
standing fundamental problem in Fidkdversed Configurain (FRC) physicshow toapply rotating
magnetic fields that maintain a closed field-Isteucture. Based orecent advances in the theoretical
understanding oFRC physics,the nowel fields to be used in thisexperiment are predicted tweat
electrons andbns, to drive current, and fwovide inprovedstability. RMFs havebeensuccessfully
used, particularly in rotomattevices. Thestandard (i.e.even-parity) RMF configuratiorhowever, is
predictedto openthe FRC’s field-line structure.Larger, hgher power RMF experiments are in
progress. They aim to produce higher temperature plasmas, more susceptible to open-haftclme
and energyosses.This possibility strongly motivatethe studiesof field-closure-conserving RMF
configurations and their effects on particle confieatrand heating. A smadixperimental facility will
compare operationitk both even-parityand odd-parityRMFs athigh power densities. Combined
with a low netral pressureand relatively remte (10 cm) valls, detrimental plasma-vilainteractions
and atomic physics effects would be minimized.

Paul Trap Experiment: has been initisiedimulate intenseaonneutrabeampropagation through
a periodic focusing quadruleofield confguration.Periodicfocusingacceleratoraind beamtransport
systemshave a widegange of applicationeanging from basic scientific research in high energy and
nuclear physics, to applicationsuch asnuclear was transmutatiorand heavy ion fusion. The
purpose of this activity is to carry dodsic experimental studies acompactPaul trap configuration
that simulates the collective processes and nonlinear transverse dynamics of an intenspantialged
beampropagatingover large dstancesthrough aperiodic focusing quadrude magretic field. The
planned experimentalstudies Wl include detailedinvestigations of beam mismatch effects and
envelopeinstabilities; collective wave excitations; chaotic particldynamics and production dfalo
particles; mechanisms for emittance growth; and effects of distribution function on stability properties.

Liguid metal Laboratory Sy of MHD Hfects on SurfaceéStability And Turbulence in Liquid
Metal: A smallscalelaboratoryexperimenthas been initiated to sty the fundamentaphysics of
magneto-hydrodynamic (MD) effects on sudce waves and turbulence in liqudetal. MHD
turbulence has been regarded as an esseetia¢et of many intriguing phenomena observed in space
and laboratoryplasmasand ithasbeen a primary subject of basic plasptg/sicsresearchRecent
interest in the application of liquid metal twsion devices also addsnew denands to the
understanding of MHD physics of electrically conducting fluids. Bxiserimentuseseasy-to-handle
liquid metals, such as Gallium, which daawell approximated byl[HD models.Three basi@hysics
issues will be addressed: (1) when &osv doMHD effects nodify surfacestability, either in linear
regimes or nonlinear regimssich assolitary waes?(2) when anchow do MHD effects nodify a
free-surfacdlow, such as by surface defcation?and (3) wha and how do MHD effects modify
thermal convection? Currentli¥/HD effects on sudce wavesare beingstudied and pigninary
results ondamping of dien wavesiue to magetic field agree well vth linear theory. Asuccessful
experimental investagion of these basiohysics issues it detailed dagnosticsvould significantly
advance our physics understandingleictrically conducting fluid,and tterefore, theMHD nature of
both laboratory and astrophysical plasma.

Laboratory Simulation oK-ray Spectrdrom Sellar FlarePlasmasPPPL, incollaboration with
LLNL, is using the NSTX plasmaenvironment tasimulate X-rayspectrafrom stellarplasmas under
controlled laboratoryconditions. We il use unigue x-rayequipment tocalibrate the spéal
diagnostics of electron densities in thé®16 13 cm® range. The spectralatinosticof interest are
those used tdetermine the desities of stellar flareplasmas from observations conducteithvihe
newly launched BGandraX-ray Observatory andhe X-ray Muti-Mirror Mission. Knowing the
electron terperatureand the eritting volume from other diagnosticystemsthe calibration of the
density diagnostics willllow us toinfer the plasmaressure in magtic loopsand tusthe strength
of the confining magnetic fields frothe plasma beta. Measuren®eat hgh resolutionX-ray spectra,
including dielectronic recombination, have already hesed to validatéheoretical calculations by the
Harvard Smithsonian Chandra group.

Hall thruster Studies ofthe Effect of Segmented Electrodes &fysical Processes and
Fundamental Limitations of Hall Plasma Thrusters:riical conponent of sadlite technology is the
propulsion systenthat maintains th@ostion of orbiting sat#ites or transfersthe satelte between
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orbits, including eventuallydecommissioning defunct shites. A promisingpropulsion neans is the
Hall thruster, whth employs nagnetizecelectrons incrossed electiand magatic fields, where the
magnetic surfaces are also equipotential surfaces, acting as virtudbgradisctostatic acceleration of
unmagnetizedons. Furtherdevelopment ofHall thrusters,including the vey importantissue of
reducing pime dvergencewill rely on advances the basicunderstanding oplasma incrossed
electric and magnetic fields. The research seeks to extend the scientific understandinghofidteats
or, more generally, the risulating properties of agnetized plasma, eéreby to deglop novel and
superior Hll thruster €échnology. Our preliminargxperimental investigationshow that segranted
electrodes along the amzel, which make the accelewtiregion adocalized agossible, camprovide
substantial reduction in plundivergence. Weplan to research a family segmentectlectrode Hall
thrusters oprating inthe range of 1 kW, ith the object of understandinghe fundamentaphysics
underpinning their operation. In the process, we will develop methods of localizing stegpdmips
that potentially challenge accepted limits on the magmetidation properties of plasmk.is a related
objective to characterize the wawe®l instabilitieghat arise as these lits areapproachedFinally, it
is our objective to develop, on the basis of these investigations, better configurations for Hall thrusters.

The 5 year strategy for the Plasma Science and Technology Department is to:

» Develop new proposals for sail-to-medium sized plasma experimeiits OFES and/or other
funding sourcesuch asthe NSF and BES.Theseproposalsrange in scope from basicagima
physics experiments to fusion concepts developments.

« StrengthenPPPL participation inheavy ion fusion research,ncluding increasd analytical and
numerical efforts on beam-plasma interactiothetarget chambeasind the initiion of experimental
activitiesthat makeeffectiveuse of PPPL's establiedexperimentaktapabilitiesand off-site heavy
ion fusion facilities.

« Strengtherthe connetions betveenplasma science &PPL and other branchesf basic science
such as high energy physics and space physics.

» Develop new projects within the Applications Research Digion, such as Plasma Surface
Sterilization.This involves a newtechnique beingnvestigated byPPPL tocreate gplasma in the
region to be sterilized, whichhasthe potential to kill bacteriagdpores in a timeeriod, sufficiently
short to make the process applicable for use on food container filling lines.

« ExpandPPPL's support to satler US universityprograms inplasma sciencéhrough nutual site
visits by physicists, technological support by PPPL engineers, and joint proposals.

[ll.F.1 Technology Transfer

The Technology Transfer effort undére Plasma Science and TechnoloDgpartment, aately
promotesthe application ofplasma science and other technolodresn acrossthe Laboratory to
needs withinUS industry, governmentand academia.PPPL seekpportunitiesthat enable the
Laboratory toenhance itscapability through esearch efforts fundeg@rimarily by the external
sponsors. PPPL aligns itself with other institutions that can augment aptecant the Lab@atory's
strengths inorder to expand opportunitie®PPL also has, in thepast severalyears, develped
capabilities in aaumber ofapplications areathat areattractive toindustry, and is actely seeking to
leverage opportunities from those existing skills and accomplishments.

The mechamimsthat areavalable to carry outthe Technadgy Trarsfer missionare Cooperative
Research andDevelopment Agreements (CRADAs), Work-for-@te (WFO) arrangements,
Personnel Exchange agreements, and Technology Maturation efforts.

The Laboratory continues tadively solicit outsidesupport forprojectsthat fit into the goals
envisionedfor the Laboratory's instutional devebpment. TheLaboratory continues to encourage
researchers withilPPPL tobecome nvolved with externally funded research,and torespond to
inquiries from potential sponsoring partners.

The Laboratory's Head of Technology Transfer is the Executive Board of the Federal
Laboratory Constium (FLC). The FLC is a Feastally sponsoredagencythat provides aforum for
the Fearal Laboratory Technology Trefer Personnel tdearn from each other,and to share
resources and opportunities. The Laboratory maintains close contact with other DOE Energy Research
Laboratories on mtters related to Technology Transfer, and attends appropriate DOE meetings and
participates in workinggroups mvolved with Technology Transferissues and policies. The
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Laboratory's Head of Technology Transfer also Head®PPL Patent Comiittee, and reviewsach
invention disclosuréor potentialtechnobgy transferapplicability. The Headf Technology Trasfer
also worksclosely wth PPPLinventors and w#h the Priceton UniversityOffice of Research and
Project Adnmistration to identifyand promotehe licensingof Laboratorydeveloped technologies,
and to find outside sources of support for PPPL non-fusion inventions.

I1l.G. Theory and Computation

The PPPL Theory Department comtiles itsleading rolein helping thefusion energy science
programachieve inproved scientificunderstanding ofhe physics ofplasmas andusion deices. In
recent years, improvements in theoretieald computional tools, as well as ipmoved plasma
diagnostics, have made possibleam more comprehensivmmparisons oéxperimentalesults from
confinementdevices \th detailedtheoretical mdels. Thishas advancedscientific understanding
dramaticallyand has stimulatethe development of newoncepts and oinnovative nethods for
improving performance.There isalso an increasing trend transferknowledge and methodology
developed in the mainlingision area to investigate alternatipaths to fusiorenergy ando non-
fusion plasma applications.

Theoreticalactivity at PPPL covers a wie spectrumfrom very fundamental to quite applied.
Fundamental studies of the properties of plasma fdvasa for the applied studiestiaild upon, and
provides recognition anenhanced opparhities to inteact and share ideasitiv scientists in other
related disciplines. he applied theoretical studies novorm the basis forinterpreting data from
experiments,and for developingnew fusion and non-fusion plasma conceptsPPPL expcts to
maintain strong theoretical programs in each of the following areas.

Fundamental PlasnmiBheory: Snce theLaboratory's nception,scientists aPPPL have played a
major role in providing plasma scienceghwexcellent heoretical déundations.PPPL is further
developing thdundamental heory of plasmaurbulence,and isdevelopingnew repesentations to
allow efficient norinear computatiorof the evolutionof macroscopic pragrties of plasmas. It has
also pioneered the hybrid (fluid/kinetic) analysis capabilities neededdy thie behavior of energetic
particles infusion-grade plasmas.nather area of renewexttivity is that of the heory of magnetic
reconnection A better understanding of thisundamentalprocess vl have applications to both
laboratory and astrophysical plasmas.

Tokamak Theory: Wile signficant progress hadeen madein understandingthe tokamak
configuration, there remains much wddkbe done before a trulgredictive model isavailable. The
gyrokinetic and gyrofluid models of thhekamak have had considerable sucaedbeir predictions of
key ion confinementproperties that have been experimentallysupported. However, electron
confinement remains avutstanding problemAdvanceshere vill require a morerealisticdescription
of electron physics and electromagnetifects. Theprospectdor accelerateghrogresscan be greatly
enhanced by the utilization pbwerful massively parallel cqraters. Inorder fortokamaks tcevolve
to a much morattractivefusion reactor, a better theoreticahderstanding ofuch features as the
conditions for transport barrier formation is needed. Iratiea ofMHD and macroscopistability of
tokamaks, our understanding of the onset criteria anhtbae phases of theast destructiveokamak
instabilities is now quite reliable. Computer codes developed at PPPL and elsewhere are vagiihely
to interpret experimentalat and designnew experiments Wh high confidenceTwo dimensional
MHD simulation codes have been well calibratecand arenow used asengineering tools for
developingnew plasma control techniques and accessiemy operational regime$resent emphasis
in the MHD area is on(1) extending this lgh-level of cofidence to the prediction of the non-linear
saurdion of fully three-dimensional plasmninstabilities,(2) developing ¢chniquesfor the active
stabilization of MHD modes, (3) developing etiege modeling of slowe(non-ideal MHD-time-scale)
instabilities such as pelassical tearingnodes andesistive wallmodes. Tie associatedesistive and
kinetic dynamics herdold the key toaccessing and mainténg a sufficientlyhigh pressure (high-
beta) plasma for long times. Certain critical burning plasma issues, such as cofwlttbe®nset of
energetic particleliven MHD modes,and the pacticality of transferringthe fusion-productenergy
directly to the plasmaons (alpha channeling) i the pesibility of driving plasma cuent, remain
under investigation.
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Theory of Alternate Confinement Configurations: A significant portion ofthiity in theoretical
analysis of confinementsystems at PPPL hashifted from the tokamakto other promising
configurations. Withthe on-site presence dhe National Sphericalorus Experiment atPPPL, the
spherical torus, W continue toreceive nuch attention. Mny attractivefeatures othe SThave been
idertified theoretically,including regimes of higlperformance and regimeghere verylittle external
current drive would be required twustainthe configuration. This work wil intensify as more
experimental results from NSThecome avagble. Similarly,there isgreat interest andxcitement in
the investigation of novel stalator configurations. Theoretical studieshave dentified attractive
configurations called quasi-axisymmetric (QA) and quasi-poldi@&) stellaratorsTheseinnovative
designs are expected to provide compacbnfigurations wh high-power density andgood
confinement whe at the sametime targeting freedomfrom plasma disrupdns and minimum
recirculating power. A major optimization code development effort at PPPL has enaldeddbssful
design ofthe NCSX (National Compact Stellarator Experiment) which include diesign of an
optimized set of stellarator coils taking into account their impact on plpsesaureand curent limits
flux surface quality, and transport properties — ieh simultaneously reeting constraints of
engineering practicality. Other exploratory studies edltd the Field Reveesi Configuréon (FRC),
the liquid-lithium wall bkamék, inertial fusion energy (IFE), and laser/plasma @raction,are being
actively pursued. New computational tools are enabling the study of these configurations at a depth not
previously possible. For example, in the FRC studiresidentificéion of operahg regimesexhibiting
more favorableconfinement progrties hasbeen enabled bthe development of aew 3D hybrid
simulation capability which includes a kinetic large-orbit treatment of ions

Non-Fusion Applied Plasma Theoflhe area ohon-fusionapplications ofplasmas continues to
grow and is increasinglyeliant on theoreticabuidance.Plasma-base@ccelerators mayprove to
enable much more cost-effectiaad compacthigh-energy pdicle accelerators. e application of
powerful plasma simulatiorethniques to ndimear beamdynamics is alreadyaving an impact in
particle accelerator design and optini@a. Space plasma phygsiis becomingncreasingly inportant
with the wireless communication revolution that has occuardiwith the wealth oflai from satellite
observatns that needs iterpretation. Research amportant solar and astrophysicghenomena
(coronal heating, accretion disk dynamics, etc.) are being agbvetypied. Other appations,such as
plasma display panels and plasma diagnostics to monitor the manufacture of fibers, are important spin-
offs of plasma science and fusion research which take advantage of advanced theoretical support.

Collaborations

A goal of thePPPL heory program igo continueand strengtheproductivecollaborations with
other prominentnational plasma sciencprogramsincluding hose at General Atdos, the
Massachusetts Institute of Temlogy, the Wiversity of Texas Institute dfusionStudies, Lawence
Livermore National Laboratoryand Los Alamos Nationalaboratory as well as ith international
institutions such as the Japan Atomic Energy Reséastitute, the Joit Europearorus in theU.K.,
the National Institutdor Fusion Studies idapan, the Max Bhk Institutefor PlasmaPhysics in
Germany, CulhanLaboratory inthe United KingdomCadarachd.aboratory in Fance,the Ecole
Polytechnic Federal of Lausanne Switzerland; aitll mdividual scientists from university programs
such as the hlversity of California SanDiego, Los Angeles,and Irvine, théJniversity of Maryland,
New York University, Columbia University, theniyersity of Colorado, and Corndllniversity. With
the broaderfocus on innovative confinement configurationscollaborative linkages have been
strengthened ith theinternational stellaratocommunity and wh national intiatives on stellarators,
ST’s, and FRC’s. PPPLalso colldorates wh many of theaboveinstitutions onseveral national
computational prects. Thesdanclude MHD, Microturbulence projects thin the Fusion Energy
Sciences component dhe DOE SciDAC (Scientific Discoveryhrough Advanced Corputing)
Program, the Nationalransport Code @laboration, as well as the aforementioned lead role in the
Plasma Science Advanced Computing Institute.

Finally, mdivatedby the ugent need to help &tt, train,and assimilee thebest and brightest
young taleninto thefield, the Theory Department &gely participates in the educatiggrogram at
Princeton Universityln addition to hose individals serving on théaculty, many members of the
group haveprovidedsupport tothe program byserving as tesis research advisors. Thiasbeen
mutually beneficial in that the Laboratory providesexcitingarray of frontier esearcltopportunities,
while Prirceton University provides a steady stream of extraordinaij-gualified and energetic
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students. The teaching program also provides many opportunities for the PPPL Theory staidio int
with faculty and students in other related departments at Princeton University.

Computational Plasma Physics Group
The Computational Plasma Physics Group (CPPG) consists otamiputationaphysicists and

computer science pre$sionalsvho combine expertisen physics, computer smce,and software

engineering. This group’s charter is to foster the extensionlevelopment ofnoderncomputational
analysis in support of fusion science research.cbngputer professionals aassigned to the areas of
parlel programminghigh-end visalization, grapttal user ierface deelopment, softare support,
documentation andser support, asapplied to specifiphysics esearch codes. The cputational
plasma physics group activities have the following thrusts:
Streamline, modernizand extend existinghysicsmodeling, dateanalysis andnachinedesign
codes to improve performanagsability, accessibility to thevider fusion scence commuty, and
applicability to a wider range of research problems.

» Develop new nethods and andards foron-line and beteen-shot experiental data analysis,
which could beutilized by NSTX, DII-D, C-Mod, and othetokamaks,and eventuallyextend
these methods and standards to stellarators and/or other innovative confinement configurations.

» Enhance development of the maRlPPL sinulation codes byfacilitating their implementation on
parallel computers, vile extending theirphysics and mproving their user iterface and
visualization capabilities.

* Support the development and the application of the TRANSH &dinegrated mdeling codes,
and share reusable components of these codes via the NTCC modules library.

This group has accelerated thaise of modern cormuter techniques and high-performance
computing at PPPL and naturattlpmplementghe existing stong heory andexperimentafgroups at
PPPL. The CPPGelps toattractvisitors and collaborators, lusfitting naturally into the leadership
misson of PPPL. It isalso anexcellentvehicle for interacting vith other discifines, including
academiaepartments at Princeton Uargity, and for developingpresentations at nitisdisciplinary
computationalphysics conferences. Arexcellent example oproductive allianceswith Princeton
University academicdepartments is theaharing of a moderri28-processor SGI Origin 2000
computerthat has producedexciting results acceleratingPPPL's progress imigh perfemance
computing projects. Thergduateprogram atPPPL also serves as matural vehicle to effectively
disseminatespecialized computationgdhysics knowledge outside of PPPL. A sigricant recent
collaborative initiative in this area involving PPBhd Princeton University is the PICASS®Wogram
(Program in Interactive Computer and Applications Science) led by the Computer Science Department.
This programhasreceived ad-year $2.7MNSF grant tosupport gradate studeninternships in
applied scientific computingpcused on scientific problesnemerging from a number of different
University Departments, as well as PPPL.

The CPPG alsdevelops andverseeseveralcomputer hardwar facilities atPPPLthat areused
for both geeral-purpose anohedium-scale scientific compng. Thesefacilities complementhose
avalable to PPPL at NERSCThere isincreasinguse of high-prformance workstations &PPL to
perform the general-purpose scientific and engineering comphtigvasformerly done aNERSC
on the veobr computers here,but is now beingphased outThis changehas come about largely
because theewestworkstationsavalable now arefaster onmost scientit applications tharare the
currentvector “supercomputers” aNERSC, andare also considerably more cosffective. PPPL
supports a lnux Beowulfcluster, ETREL, which nowhas 68 processoemnd is being upgraded to
200 by Sept 02. Thiss used bothfor single-processoand parallel adggations, and assuch
complements the facilities available at NERSC. Ther2@essoiPARED facility is closely linked to
the high-resolutionvisualization walldescribed belovand assuch is usegrimarily to develop and
apply parallelvisualization échniques tacientific applications. The fhest-end IBMSP nassively
parallel computers at NERS&e pesently beingutilized for the mostadvanced 3Dmicroscopic and
macroscopic simulation projects at PPPL.

In collaboration wth the Conputer Science Department of Princeton @rsity, theCPPG has
constructed a high-resalon displaywall for advanced visualizatioapplications. It presentlytilizes
12 separate back-projection projecttinat arecoordinated tgroduce a singléarge high-resolution
display. This wall is used to sudize complex simulation andxperimental data it fractal structure
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that makeuse of its high-resolution capabilities. Rsearch collaborations ittv several other
Laboratoriesare targeting thelevelopment of paflel driversfor the display wall toenable rapid
manipulation of the data. THEPPG isalso actively engaged the newFusion Colhboratory vithin
the DOE Office of Science’s SciDAC Program.

In connection wth the SCIDAC work, CPPG is actively explorinthe possibilities ofsharing of
computationalresourcessecurely over the netork, using GRID conputing methodologies as
developed by the Globus groupAfiiL, the CACTUS group in Europegnd others.Underauspices
of the Fusion Collaboratory, the PPPL TRANSP code is being deployed as a computational service on
the GRID, and will be directly accessible to a worldwide user group.

PPPL has recently been funded to begin investigaaaing to a TopicaComputingFacility for
Fusion Energy Science. The prototyp&cility will be a 128 processocluster sgtem with a fast
interconnect, which W support anumber of the ScDAC projects, as well as the Fusion
Collaboratory. In collaboration with the ORkdge National Laboratory this projectllwdetermine the
most effective architecture(sfor fusion codes, experiment ithh GRID conputing for fusion and
develop large-scale beteen-shots data analyseapabilities insupport of experiments.Possible
linkages to Princen Universityand theGeophysical Fluid Dynamickaboratory, dcatedclose to
PPPL, coulddad to anopportunity for very considerablecomputationalresourcesthat could be
applied to PPPL’s missions.

I1l.H. Science Focus Groups

Science Focussroupshavebeen established to coordinate scientdfforts in the five major
fusion scence areathat arekey to theeventualrealization of arattractivefusion reactor concept:
Turbulence and Transport; Macroscopic Stability; Wave-Plasma Interaction; Fast Particle Physics; and
Plasma-Boundarfhysics.Thesegroupsare situated on th@rganization Chart irsuch away that
they link Theory and Experiment. The major goal of thgmips isto foster communication and
coordination amongst Laboratory prografingth on-site and off-site ieach of the scidific areas.
They provide a key review role in planning frojects and Theory ithin the Laboratory. Te role of
the ComputationaPlasmaPhysics Goup, which also links theory arekperimentjs to help assure
that advances in computational capability effectively applied to experimental datnalysis codes
and to the developemt of predictive heory codes, which careld to optimized tokamak performance
and proof-of-principle innovative confinement configurations.

A key additonal rolefor the Science FocuSroups is tdoster inprovedconnections vth non-
fusion scence areashrough pubcations in non-fusionjournals, through lectures atnon-fusion
institutions, and through directed efforts to form research alliances.

I1l.1. Laboratory Program Development Activities

The purpose ofthe LaboratoryProgramDevelopment Activities (PDA) is to stimulate creative
research activities within PPPL involving top quality sciengk good potentialfor attracting external
support in the future. Each yeas part of the budet processthe Laboratorysubmits an LPDAplan
and funding requedb OFES forreview and approval. Atthe end ofeach fiscalyear,the Laboratory
submits an a summary report on its LPB&ivities to -ES. Inaddition to work in thdusion area,
LPDA impartantly involves esearch in allied areas whieimable a broadening d?PPL research
activities and stimulates healthy cross-fertilizatibrideas. Inevery casehowever, a €cisive factor is
the degree to which an activity contributes to the achievement of PPPL’s missgomd &xample of
success ighe LPDA-supported @search in Magnetospheric Space Plasma Physics, which is now
supportedsignificantly by NSF and NASA, and is stimulating reing coss-fertilization of ideas
betweenspace and laboratory plasmphysics. Requests faroposalsdor LPDA activity are sent to
Laboratorystaff atthe beginningof each fiscalyear. Poposalsare peemreviewedand the linted
funding digributed to those projectsitiv the best potential. Exaptes of projectdunded in FY02
include:

Project (Investigator)
Advanced Lithium Wall Coatings for Fusion Experiments (Majeski)
Assessment of a Burning Plasma in an ST (Ono)
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Dynamic Modeling of Neurophysiological Experiments for Space Plasma Systems
(Johnson)

Investigation of Investment Castings (Heitzenroeder)

Initiate Development of a 3D Kinetic Fluid Simulation Code (Cheng)

Magnetized Plasma Source (Fisch)

Numerical Modeling of Hypersonic Fluid Flows (Okuda)

Rotating Gallium Disk (Ji)

111.J. Education

111.J.1. Science Education Program

The mission of the Science Educati®mogram is toleverage the human, scientific, and

technological resources of PPPL to:

Begin training the next generation of scientists and engineers.

Provide opportunities for students and teachers to engage in scientific inquiry ithatagehance
their understanding of science concepts and thinking.

Provideinnovativeopportunitiesfor educators to wk with scientists and engineeto enhance
science teaching and learning. Reachtow@l students andeachers, padularly thosepreviously
excluded from educational opportunities.

Advocate US science and math standards.

Improve the scientific literacy of the community at-large.

Communicate current scientifiknowledge, including that about fusion energy sciences, to
members of the community using modern communications technology.

Programs include:

Partnership wh Trenton Public Schools, eollaborativeeffort to improve mth, scence and
technology education in thdistrict. A key objetive of the partnership is to exparttie teachers’
knowledge of science and math concepts, and to assist them in presenting the mateagltimaa
engages students.

Summer Teachers Institute and Science Bugperprovide staff development to elementary and
middle school teachers, and are designed to enhance their science knowledge and ability to conduct
creative, engaging, inquiry-based lessons.

Summer Institute in Plasn@hysicsand Fusion Energyfor high-school @éachers provides an
opportunity for teachers to gain am-depth knodedge of plasma science and develop
classroom applications.

National Uhdergraduate Fellowshiprogram, gives ostanding undergraduateudents in US
colleges and universities an opportunity to pardit@pn projects at the fefront ofR&D of fusion
energy.

Energy Research Undergraduate Laboratory FellgprBhogram, anationalprogramdesigned to
provide educatinal trainingand research experiencés academically talentedjndergraduate
students.

Undergraduate and high school studesiearch opportunitiegbat enablestudents to wark with
mentors to participate in the on-going research at PPPL.

IPPEX, an inteactive webpage which includesubjects on elédcity, magnetism, energy, and
fusion. Experimental data from fusioan beused in optinzing thefusion eadion and studying
the fusion physics.

National Science Bowl, a regional competitioosted byPPPL forhigh school students. The top
regional winner goes on to compete in Washington, D.C.

Science on Saturdayssaries offree lectures geared tands highschool students on selected
topics at thdorefront of research from a variety disciplines. This drawen speakers from the
laboratory, from the wider fusion @mmunity, and from the rich Pricetonrarea scientific
community.

ExpandingYour Horizons Mni-Conference, the goal of th@ogram is tointroduce nddle and
high school girlsto careers in sence andechnology. The program includesorkshops and
presentations by feale scientists and engineers froPPPL and the surrounding scientific
community.
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Over the next five years, the Science Education Program will:

« Continue undergraduate research expeesrby enhancinthe educational value of thograms
and increasing the diversity of participants.

« Continue partnershiactivities that fouson staffdevelopmentor teachers and enhanced learning
opportunites forstudents, anthat provideopportunitiesfor researchers to interacitiwv teachers
and students in ways that effectively enhance science learning.

« Continue tosupportthe scienceeducationreform efforts undertaken byschool districts and to
partner with other businesses, industries, and other organizations to catalyze these efforts.

« Continue to offer opportunitie$or students toexperience therichness ofthe Laboratory
environmentand offer andarticipate inprojectssuch as 8ence onSaturday andhe National
Science Bowl.

« Seekcreativeand innovative vays to make theesearch work othe Laboratory accessible to
teachers and students at alldisvin ways that areneaningfulandthat encouragelevelopment of
scientific thinking. The Internet and other technologies will be an important part of this effort.

[1l.J.2. Graduate Education

The Graduate Plasma Physics Progveas first offered atPrinceton University inl959and two
years later was incorporated into the Department of Astrophysical Sciences. In an environment that has
seen enormous changes the fields of plasmaphysics and controlled fusion, theéProgram has
consistently focused on fundamentalglnysics, computationagdhysics, andppliedmathematics and
on intense exposure to contemporary experimental and theoretical research in plasma physics.

Graduate studenentering thePlasmaPhysicsProgram at Priceton Universityspendthe first
two years in classroom study, acquiring a firm fotiotiain the many discimes that make up plasma
physics. Many of the required coursestargght by the members 8PPL’s esearchstaff, including
three Princeton University Professosio comprisehe sixteen-member plasmpaysicsfaculty. The
curriculum is supplemented lyourses offered irother departmentsf the University and by a
student-run seminar series in which PPPL physicists share their expertise with the graduate students.

Most studentshold Assistantships in ésearch aPPPL through whichthey participate in the
Laboratory’sexperimentabnd heoretical esearctprograms. Inaddition to formalclass work, first-
and second-year graduate students work directly with the researchataff)ll access to Laboratory
and computer facilities, and learn first-hand the job of a research physicist.

First-year studentassist inexperimental reseetn areas, whilesecond-year studentsssist in
theoreticalresearch. Aftepassingthe De@rtment’'sGeneralExamination, at thend of their second
year,studentsconcentrate on thesearch and mting of a doctoral thesisunderthe guidance of a
member of the PPPL research staff. Completed dissertations during FY01-02 are shown in Table 13.

Six students in residence during & heldprestigious fellowshipsour FusionEnergy Sciences
Fellowships, one Hertz Fellowship, and one Princeton University Honorific Fellowship. Some of these
fellowships are supplemented by partial research assistantships.

Overall,the PPPL gradate studies prograrhas had a poerful impact on the &ld of plasma
physicsand related discipline®©ver two hundredscientistshave receiveddoctoral degees from
Princeton through the Program in Pladptgsics. Many have become leaders in plasma research and
technology inacademic, ndustrial, and government insutions. This process cadinues as the
Laboratory trains the next generatmiplasma scientistand engineers, @paringthemfor the many
diversified challenges of the next century.

In addition to thePlasmaPhysicsProgram inthe Department of Asophysical Sciences, the
GraduateProgram in Plasmaci&nce and Technology isased withinthe University’s School of
Engineering and pplied Kience.This programprovides support for stdents pursumg degrees
within otherdepartmentshut whoconduct plasmapplicationsresearchsuch asplasma etching of
silicon semiconductor devices or plasma deposition of thin-film.
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I1l.LK. TFTR D&D and Caretaking

Following theconclusion ofthe experimentaprogram in Apil 1997, TFTR syséms were shut
down, electrically and mechanicafiyafed” and puinto acaretakingroutine. The scope of verk for
this phasavas defined in a formal Statement oYK agreed beteen theLaboratory andhe DOE.
Maintenance and suwillance of mothballed equipmenavebeen requiredhroughoutthe caretaking
period. Vacuum volumesave been periodically mnitored to mease tritium outgassing and to
perform pumping angurging operations teeduce thesgitium concentrations. Th&orus GQeanup
System, TritumStorage and Elivery deanup Systemand Gas Holding Tank®ave emained
operational tgprocessthe tritium. The HVACsystemsand the Liquid Effluent Collectionsystem
remain operational ih an appropriate level of sueillance. Operation of the Radiological
Environmental Monitoring Laboratp and HealtiPhysicsoversight of caretakingctivities continues.
Caretaking activities such as these will be largely, but not completely, eliminated watbnttiesion of
the TFTR D&D project in FY 2002.

TFTR Decontamination and Decommissioning

The deuterium-tritium opetians resulted in th& FTR machine structure becoming radiologically
activatedand plasma facing anghcuum corponents beingontaminatedwith tritium. The primary
objective of theTFTR Decomamination anddecommissioning@&D) Project was tdring a timely
and cost-effective closure to the TFPRoject and provida facility aval able for the corstruction of a
new De@mrtment ofEnergyexperimentafusion device. TheTFTR D&D Projectcovers the maoval
operationgor the tokamakand remainingactivated/contaminated c@onents fromthe TFTR Test
Cell (excluding the neutral beamjantors) anccontaminated itemgom the Test CelBasement. The
tritium systems will be mothballed and left in placedse wth a futue experimentablevicedesigned
to utilize tritium as a fuel.

The D&D effort began inFY00 and wil be conpleted inFY02. The first stage of the D&D
Project included th&entificationand emoval ofitems desirabldéor future use. The secorstage of
the D&D Project waghe emoval ofitemsfrom the Test Celand contaminated itemgom the Test
Cell Baserent. Expertiseand technology fronthe nuclear fissionndustry have been tilized,
whereverpossible, to safely dismantladivatied and contaminatedsystems. The D&Dplan was
developed to provideost and schedulestimatesbased on a&onservative approachf dismantling,
cutting, and packaging components, and shipping them to a DOE waste repository.

The radioactive material inventorier TFTR componentdiavebeen classified as &8s A Low
Level Radioactive Waste. The totautron inducedadioactivityinventory dsposed ofvas kessthan
700 Curies. The total amount of radioactive waste generated during D&D, including stabilizer and void
space filler, was less than 2500 tons.

The D&D process has been documented via papetphotographs. vorkshop todisseminate this
information was heldune 2002. Bylocumenting this process, this informatioiii tne available for
future fusion device design and D&D considerations.

Upon the conclusion of TFTR D&ctivities, remaining TFTR components anslystems vl be
assignedesponsibility tothe NSTX Project insupport ofmachineoperationsRemainingsystems
and tritium legacy activities, including thetritum systemsand environmental monitoring, W be
covered byother Laboratorfunding (ncluding G&A). At this time it appearthat the D&D project
will be completed on schedule.
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IV. Summary of Major Initiatives

PPPL is proposingne majorinitiative: The National Compact Stellarator ExperiméNCSX). This

project is includedor funding inthe President’sbudgetfor FY2003.Two other significant projects

are under consideration, but are not yet ready for formal proposal. One would be a major enhancement
of advanced computing for fusion energyescies, including potéally a Topical Cormputing Facility

(TCF) for FusionEnergy Sciencesand another would be aedt —StepSphericalTorus (NSST).

While the TCF could be impgmented within the tieframe of tis Institutional Fan, only design

work could be anticipated for the NSST. A description of each is provided in the following sections.

Initiatives are provided for consideration by epartment of Energy. Inclusion in this pldoes
not imply Departmental approval of, or intent to implement an initiative.

IV.A. National Compact Stellarator Experiment

A new experimentafacility, the National Compact Stielrator Experimen{NCSX), is now being
designed and W be bult at PPPL duringthe timespan of thidnstitutional Plan. Th&NCSX is the
centerpiece of a US proof-of-principfgrogram to develophe physics ofcompact stellarators. Its
misson is to acquire thephysicsknowledge needed tevaluatethe compact stellarator asfasion
concept, and to advance thederstanding of 3[plasmaphysics forfusion andbasic science. It will
test the quasi-axisymmetric stellara(QU/AS) concept, whictprovides theopportunityto buld upon
the advances in both stellarators and taMesrand to combine thddest features. ThHICSX will be
sited at the_aboratory’s Gsite, nmaking extensiveuse of a ratureinfrastructure aneéquipment (e.g.,
power supplies, plasmaé#ting,and vacuum pumping sysems) fromprevious experimentsn 2001,
the projectpassed a Deptment of EnergyPhysics ValidatiorReview,was designaid aproof-of-
principle experiment by th&usion Energy Siences Alvisory Commitee (FESAC),and in 2002
received apmval of Critical Decision 0,Mission Need,from the Demrtment’s Office of Fusion
Energy Sciences. The Department reque$tetM in its FYO3 budgetsubmission toCongress to
initiate the NCSX design and fabricatiproject. A highlysuccessfuDOE-SC"Lehman" Conceptual
Design Review ophysics, engineering, cambd schedule tooglace in May2002. Title | design will
begin in October 2002; equipment fabrication will in FY04; and operation will begin in June 2007.

The NCSX project is led by tHerinceton Plasma Physi Laboratory irpartnership vih the Oak
Ridge National Laboratoryand with other institutionscollaborating. To date, Auburn Umiksity,
Columbia University, Lawrence Livermore National Laboratory, New York University, Sandia National
Laboratories aflbuquerque, the biversity of California atSan Diego, the Wiversity of Texas at
Austin, and the University of Wiconsinhave cdaborated in thedesign.Stellarabr researchers in
Australia, Austria, Gerany, JapaniRussia,Spain, Switzerland,and Ukrainehave contributed to the
project through international collaboration.

Compact Stellarators

The attraction of compastellarators igheir promise ofproviding acompact (low aspect ratio)
high-betaplasmathat does not disrupt andcan besteady-state ithout external cuent drive or
feedback control systems. Its potential is supported by theoretical analydbe amtessful designs
of experimental devices.hE next stepexperimentakesting of compact stedlrator physics, is the
purpose otthe national stellaratggrogram andNCSX. The NCSX ull test the quasi-axisymmetric
stellarator(QAS) concept, which idased uportheoretical work by A. Boozer, J.ushrenberg, and
P. Garabedian showirtbat stellarators, wle three-dimensional iftuclidean spacesan bedesigned
to improve drift-orbit confinement by providing a direction of approximate symmetryBofin
(Boozer) flux coordinates. ie symmetry direction is toroidglas in tokamaks) ithe QAS. This
providesgood fast-ion confinement and low neoclassi¢ednsport losses, alvs undarped flows to
stabilize turbulence,llaws self-generateootstrap currents t@enerate some of the rotational
transform, and isbest suitedfor conbining tokamak and stellaratgohysics. Dkamaks have
demonstrate@xcellentshort-pulseplasma performance iftompact” geometrieswith asgect ratios
(ratio of the plasma majoadius tothe average minoradius) usually dss tham. Stellaratorshave
demonstrated l@ls of performance (energgonfinement time up to 0.3 s, confinement enhancement
factors up to 2, betagreater than 3%, electron teemptures up to 4.4 kgVapproaching those of
tokamaks, generally at aspect ratios in the randge 1. The QASakesadvantage of theokamak’s
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excellent confinemen ability to control turbulent transportand bwer aspct ratio to reduce
development costs and system size. It uses tharatel’s externally generatedlical field and three-
dimensional shaping flexillity to passively stabilize themagnetohydrodynamic (MD) modes
(particularly the external kink and neoclassical teammagles)that limit thepressureand pulsedngth

in tokamakplasmas. Thigombination offeatures, if proven, would greatly improve the vision of a
magnetic fusion reactor.

In addition, theNCSX will be used toadvancethe understanding othree-dimensional pbma
physics effectdhat are of general importanéer magretic confinementfusion and basic plasma
science. It Wl provide uniquecontrols for inestigating the effects of three-dimensional plasma
shaping, of internally-and externally-generategdources ofrotational transform and of quasi-
axisymmetry on the stability and confinement of toroidal plasmas.

NCSX Design
The NCSX haseendesigned around eoil systemthat is optimized to providattractive phsma

physics poperties andexperimental flexibility, subject to engineering corasints for affordable
construction. The coils produce a free-boundary QAS @asuilibrium withthree periodsan aspect
ratio R[a(= 4.4, and stong axsymmetric and three-dimensionghape components. It satisfies
physics requirements for good quasi-axisymmejopd magnetic surfacemnd stabilityto ballooning,
external kink,vertical,and Mercier modes & = 4%. About one-fourth ofthe rotationatransform at
the edge is generated by the bootstrap current, whitentender is generatday the coils. The shear
direction is favorable for stability of neoclassical tearingnodes. Thehigh degreeof quasi-
axisymmetry meanthat there is a very lowffective helicalripple and lowcalculated hetial ripple
contributions to the neoclassical transport. tié systemprovidesexperimental flexility needed to
test the physics, for example the ability toyvlre rotational tranefm, theshear,and thestability beta
limit, while maintaininggood quasi-symmetry. The coilprovide good physics mperties (quasi-
axisymnetry, stability,and magatic surfaces) ver a widerange of beta, current, and profg@apes.
Startup simulaons demonstratéhe evolution of the plasmaonsistent wh planned equipent
capabilities,from an initial vacuum state to a higheta target state @tg a stable path. These
capabilities are providedith a practical coidesignthatincludesrealizable struct@ geometries and
conductor properties and allows good access for plasma heating and diagnostics.

The NCSX will have a majorradius of 1.4 m and a magjic field (B) range of 12-1.7 T in the
nominal configuration (>2 T at reduced rotatiotrahsform). It vill be equipped iitially with 3 MW
of neutral beam injection heating powesing two ofthe four existing PBX-M neural beamlines
arrangedfor tangential injection in a balanced (1 co,oliater) configuration. Theemaining two
beams can be added as upgrades to bring the NBI powavIW. In addition, up to 6 MW of radio-
frequencyheating powefrom existing20-30MHz sourcecan be addetly providing bunchers and
transmission systms.Fueling wil be provided at first by @asinjection system whichcan provide
feedback control on the densipellet injection will be addedlater. Highvacuum wll be provided by
an existing turbomolecular pumpisgstem. A set osimple limiters vill be installedinitially, while a
more extensive sstem of phsma-facingcomponents, including divertors apdmps, are expected to
be implemented over the life of the experiment. Yaeuumvessel isdesigned tancorporate carbon
plasma-facing componentbakalte in-situ to 350 C. Thefacility will be equipped at first with
diagnostics needed for shakedown of mapaichinesystemsfirst-plasma, electron-beamapping of
flux surfaces. Thenachinedesignprovidesample port accesdgor diagnostics, which i be added
during the operating phase of the program.

Plans for FY02 — FYO7

NCSX Design and Falmation Project. Theonceptuablesign ofthe NCSX will be conpleted in
FY02. Design and fabrication of NCSX, which is classified as a Major Iteagapment, W start in
October 2002 with the beginning of Title | design. The design witldweloped byPPPLand ORNL
engineers and scientistshé@ major stellaratorcore structures Wl be fabricated in mdustry. The
stellarator core W be assembled by Laboratorstaff. Reconfiguration ofancillary systems and
infrastructure will be done by PPRLaff. Integrated systebesting wll be carried out as the last step
in the project, culminating in First Plasma, scheduled for June 2007.
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The design process fahe modular cts and vacuum essel,the most citical components, will
include manufactung devebpmentand prototyping. Irthe case of th&acuumvesseland modular
coil winding forms, both the developmenand fabrication vt be done in industrybecause of the
special facilities and expertisequiredto makethese largénighly shapedstructural components. The
coils will be wound by PPPltaking advantage oin-houseexperience. The remaining stellarator core
components, the TF and PF coils, supporttire, and grostat, are morstraightforward and il be
fabricated in industry.

The main cormponents othe magnepower, netral beam bating,and vacuum purping syséms
already exist and were extensively operated in previous projects. The magnet power system will use the
D-Site supplies formerlysed onTFTR, while the neal beams angtacuum puming systems will
be from PBX-M. The mafications needd to adapthem toNCSX are relative} straightforward and
similar to past projects. They wihvolve a combinatin of procured components aservicesand in-
house fahcation, assemblyand installation. The same applies to the site preparation aitity fac
modifications work.

The central instrumentation and controls and data acquisition sysitdme {argely patterned after
the NSTX system whictwas recently implemented@his computer-based stem will be assembled
from procured components.

The NCSX baseline dignostics vl be based orproventechniques andetectiontechnologies.
The main development issues have to do with desighemterface to thealtarator dewie toprovide
optimum measurement capability in the coaxdtellaratogeometry. Thisssue vill be addressed by
Laboratory physicists working with design engineers using CAD models toizgptinelayout. Once
these design andtarfaceissuesare resolved, implementationillvbe relatively straightforward and
similar to past projects.

The Total Estimated Cost of the NCSX Major Item of Equipment project is $73.5M.

NCSX Research Preparation. During the period of NCSX design anchfamn, peparations for
the researctprogram vill proceed. Advitiesin the first fewyears inalide planning othe research
program toidentify needed tools, application of theory-developedes inthe preparatiof needed
analytical tools,and preconceptualesign of upgrade hdware toensure ompatibility with the
machine design. Starting about 2 years bdfsteplasma, conceptudesign andong-leadfabrication
of upgrade equipment will have to begin so that it will be ready when needed in the rpsegram.
These long-lead upgradasksare: dagnostts forthe Ohmicphase; and plasma-facing components
and diagnostics for thiaitial auxiliary-heatingphase. Théhmic phase W begin abou6-8 months
after First Plasma, following the-beam #Id mappingphase. Thénitial auxiliary heatingophase will
begin about 18 months after First Plasma.

Participation in the Quasi-Poloidal Stellarator (QPS) Project. The Laboratory is a collaborator in a
smaller, corplementary compact stathtor poject, theQuasi-Poloidal &larator (QPS), aconcept-
explorationexperiment to beonstructed aORNL. The QPSJike NCSX, is part of the national
stellarator proof-of-principle program. Its purpose is to explore compact stellarator physics at very low
aspect-ratio (R&(=2.6) and the quasi-poloidally symmtric stellarator @ncept. As a concept
explorationexperiment, th&€PS is more linted in its scope (smller size, dbwer performance, less
heating andliagnostics) and cosbmpared tdhe NCSX. The prgect schedule isimilar to that of
NCSX. The Laboratory il collaborate in th&®PS byproviding physicsand engineeringsupport to
ORNL in selectedareas,and procurement ofmajor structural components, takirgglvantage of
experience gained on NCSX.
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IV.B. Topical Computing Facility for Fusion Energy Sciences

The concepof advancedcientific conputing as a majonew tool for discovery, complementing
experiment and analytic theory (and naating advances in bothl now beingadvocated by multiple
agencies, led by DOE and NSF.

Plasma science in general and fingion energy program ipparticular are takingdvantage of the
exciting advancesn modern computer technology. This is highly responsiveéhéofocus of the
FusionEnergy Scienceprogram, inthat it will accelera scientificunderstanding anghnovation in
fusion research by:

* Maximizing return on the majanvestmentsin existing national and international experimental
facilities.

» Enabling more confident prediction of the capabilities of proposed future experimental devices.

 Providing otherwisaunattainable insights into the bel@vof complex plasma-physical systems,
providing the basis for further innovation.

» Enhancing productivity via effective crosscuttingaadtes to other disciplinedso exploing cutting-
edge computational simulation approaches.

Fusion Energy Sciences Patrticipatiorthe DOE Scientific Discoverthrough AdvancedComputing
Program:

The major goal of the Fusion Energy Sciencesneht of theSciDAC Program is to develop and
deploy advanceccomputational methods, capable chkimg optinal use of nulti-teraflop computing
resources. This MW support quantitative understanding ofplasma behavior in existindusion
experiments, reliabl@rediction of the performance of futufasion devices,and rapid mnovation
which follows from deeperunderstandingAs evidenced by a longpublished track record of
excellence inscientific computingand in the tilization of supercomputersthe fusion research
community is an acknowledged leadecamputational simation, of both magetically and nertially
confined plasmas. This conumity is wdl positioned and is leeady takingadvantage of major
advances in computing power. The establishment of the Plasma Science Advanced Computing Institute
(PSACI) centered at PPPL to coordinate Fusion SciDAC activities is expected to further enhance these
prospects.

The PSACI is a distributed national cerdéexcellence ircomputational plasma science managed
through PPPL with responsibility @FES for coordinatinghe FusionSciDAC projects and also for
nurturing collaborations/connectionstiwother areas withithe Office of Science SciDAC portfolio.
The PSACI managementeam and distinguished Programdiisory Committee are cqmsed of
leading scientists from d&road range of institutions both within and outstte plasmaphysics
discipline. The funding hasbeen handled in aepr-reviewedyrant applicationgrocessmanaged by
OFES.

Topical Computing Facility for Fusion Energy Sciences

Although mosbf the computingor SciDAC is curently being carried out on the large tera-flop
computing platformsdcated atNERSC,there is an identified neefbr parallel topcal computing
facilities focused on ggrific scientific apfications, such as FusiorEnergy SciencesPPPL has
recently won an awarfibr a PrototypeTopical Conputing Facility for FusionEnergy Sciences, and
would be anideal site for a major togal computerfacility because ofts lead role in théd®SACI
activities, its stong historical role in computationgblasma physics, an@s recem activities in
developing aproduction scientii computing facility with alpha andSun workstations, Beowulf
clusters, and anodernvisualizationdisplay wall(developed incollaboration vith Conputer Science
Department of Princeton University). Currently the Laboratosxoring possibldinkages vith the
nearby NOAA Geophysical Fluid Dynamics Laboratory and Princeton University. PPRidé@sate
facilities (power, HVAC, availablspace) to suppo# substantiahew conputing facility which would
supportthe Fusion Energy Sciences researcbnamunity, and provide stong linkages both to the
climae communityand the wder scientificcommunity. Thefacility would bedesigned to run major
fusion codes efficiently and to provitege-scale between-shalgta analysisn support ofthe major
experiments. It would need to interconnect, in a GRID sense, with the NERSC facilities as well as with
satellite facilities at each fusion institution.
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IV.C. Next-Step Spherical Torus

Due to the encouraging results from ST experiments such as NSTHKeaMAST experiment in
the U.K., an initial engineering amphysics design assessmentaafext-step spérical brus (NSST)
devicehas begunNSST isenvisioned as dperformance extensionstage ST wth the phsma
current of 5 - 10 MAa significant step fronthe present‘Proof-of-Principle” devices withthe 1- 2
MA capability. The primary mission elementsN8ST are to 1) Provide sufficienghysics basis at
multi-mega-ampere plasma current range includimignoid-free start-up and sustainmtnstart the
design and construction of eompact Component-Testing-Facility (CTF), 2) Explomdvanced
physicsand ograting scenarios of high bootstrap roent fraction/ high perfornrance sustained
advanced STregimes at multi-mega-ampere plasma currange, whichscenarioscan then be
transferred tcCTF, DEMO, and/or PowePlants, 3)Expandthe existing tokamak database at low
aspect-ratio regime to further improve the theory and modeling understanding and preaipzthitty,
and 4) Contribute to the general plasmasion scence ofhigh tenperature(collisionless) high3
toroidal plasmas for the Innovative Confinement Con¢&pt) as well as non-fusioplasma science
including solar and space physics. NSST is envisioned as a national collaborative fas#ifrahith
its research program formulated and carried out by a national reseamthTheNSST can utilize the
TFTR site to mininze the timeand cost of construction. If performance projectiares met though
the initial deuterium operations, the saésooffers atritium handlingcapabilityfor NSST toenable
alpha particle relateghysics inhigh beta ST plasmas fahe first time. Tosupport anaccelerated
fusion energy development pathe design andonstructbn of theNSST facility will need to start in
2006. The NSTX research plan is consistent with providing the needed physics basis for a highly cost-
effective NSST in this time scale.

V. Operations and Infrastructure Strategic Plan

V.A. Environment, Safety and Health

PPPL continues to madain a stong program inEnvironment, Safetand Health ES&H). This
program continues to seek improvement based on operating expeessoas leared and continued
attention to elements of Integrated Safety Management (ISM).

In CYO01, a signiftant amount of wk wasperformed atPPPL requiing the radiation protection
services of th&&S&H and Infrastructure Deparemt's HealthPhysics Banch. This werk included
removals of comonents close tthe activatedand tritium-contaminatedT FTR vacuum vessel, and
segmentation of theacuumvesselitself as part of thFTR D&D Project.Even with thisintense
radiological work in C2001, there were no skin orclothing contaminatiorevents,and the total
effective dose equivalent toour emploges was linted to 7.42 person-rem. Both measures are
considered "Outstanding" performance under our contract with DOE.

ES&H Goals and Issues

The ES&H policy of theLaboratory is todke d reasonablgrecautions inthe performance of
tasks to prtect personnel,isitors, neghbors, property, and thenvironmentfrom injury. From this
policy, it follows that PPPL corplies wth all applicable fedetastate, localand University ES&H
regulations; actively encourages safety awarenesth@rpart of its emplaes and visitors; and
assesses and minimizes the risks inherent in its programs.

As one indication of the success of ES&H, PPPL measures OSHA statistics:

Recordable Injuries Away from Work Lost Work Day Cases Away from Work Lost Work Days

Cal. Yr goal actual goal actual Goal actual

95 2 1.29 0.75 0.86 15 10.11

96 2 1.33 1 0.83 15 5.32

97 15 1.88 1 0.51 15 7.69

98 15 1.47 1 0.21 15 0.63

99 15 3.04 1 1.14 15 29.30

00 15 3.72 0.5 0.51 15 0.85

01 15 5.08 0.5 0.79 15 31.76
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In 2001, there was dncrease irthe frequency and sewity of recordablanjuries durng the first
half of the year due teveather-relatecand other factorsPPPL’s injury and illness exgrience
improved dramatically in the second half of 2001, with a >5éf inthe recordald injury caseate,
and a 94% decrease in the numifeiway-from-vork and restrictedays. Iitiatives are unerway to
increase awareness, skillsand safe workperformance These itiatives include more frequent
workplace nspections byline managemenand oversight personnel, enhancements ofléesons
learned programand instituting annuatstand downs” of wrk activities to involve wrkers in
discussions on ES&HOverall, the Laboratory’'s ES&H record has beengood and PPPL will
continue to strive for exemplary performance in this area.

Current Conditions

Integrated Safety Management BPPPL is accomplished consistent wh DOE policy,
requirements, and guidaniceamannerthat appliescontrols and precautioriailored appropriately to
the hazards ofthe projects and work being perfoed. Althoughthe term “integrated safety
managementhas onlybecome prevalenh recent years, integrating safathto the management of
work and into work practices has been Laoratory’sphilosophy andoracticefor years.PPPL has
conducted and W continue to conduct smaljroup neetings wth staff to review how PPPL
implements ISM.

Periodic audits bynternalstaff led by Quality Assuranceand through Unified Sadty Reviews
and mini-reviews usingteams of DOEand PPPL staff, verify implenentation of theLaboratory
requirementsPPPL also evaluatesand responds to dedback fromoutside organizationsuch as
DOE’s EH-24. Corrective actions are developed and taken as appropriate.

The Environment, Safety & Balthand InfrastructureSupport (ES&H/IS) Deartment provides
ES&H oversight andsupport,waste management, enviroental restorationsite protection services,
and qualityassurance ancontrol. HumarnResources ganizesthe ES&H training in areasuch as
radiation safety confinedspace, chemical safetgnd electrical safety. Periodic mmagement walk-
throughs are conducted of Laboratory facilities by line managemeii @&t personnel to reinforce
the implementation odES&H requirements by observirgngoingwork activities. Facility Managrs,
consisting of representatives from the ES&H/IS and Engineering ectthicalSupportDepartments,
havebeen appointed tprovide stong supportive leadershifo line personnel irhelping them fulfill
their ES&H related responsibilities. Every geographical area of the Laboratsrgfacility Manager
assigned.

The Laboratory continues t@addressthe implementation ofequirements usg the “graded
approach.” PPPL resws requirements andendeavors to institutgoroceduresthat address
requirements in aefficient mannebased orthe unique hzards ofthe PPPL site. Thd.aboratory
continues to work ith other National.aboratories, relvant ndustries, andthe DOE to develop and
continuously improve its ES&H programs. PPPL alsorhade a commitment tDOE to help other
laboratories with their ES&H programs as requested by DOE or the laboratory.

V.B. Communications and Trust

Fusion’s promise is an energy source that will be better for the world and incltatdigyathat is
safe ancenvironmentally ataictive. PPPL must assuréhatits researclactivities donot compromise
that promise. As aesult,activitiesare onductedunder anenvironment,safety,and health pogram
assuring that workers, the Laboratory’s neighbors and the environment are equally protected.

The Laboratory has a number of methods to communicate and developttiusiewublic. These
include:

* A presence on the World Wide Web that allows anyottie semputer access tobtain information
on the Laboratory 24 hours a day. In additeomjndividual can leave message @ question, which
is answered, in a short-time frame.

» Tours ofthe PPPLFacility. In addition toschoolsand the generapublic, PPPL hasperiodically
conducted open houses inviting the public to view the facility.

» Meeting with local officials. Periodically, PPPL meetthwocal dficials (municpal andcounty) to
update them on thactivities atthe Laboratory and to answer thejuestions. Thé.aboratory also
provides information and meets with the local environment council, regarding the PPPL activities.
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» Reports.PPPL has etailedreports,such aghe annual Site ivironmental Report, which is made
available to the public via the World Wide Web and in a public reading room at the local library.

» Presentations. PPPL personnel regularly go to schools and other organizations to present lectures on
fusion and PPPL operations. Inaddtion, Laboratory staff visit schools toconduct sciece
experiments, judge science fairs, and assishpraving the process foeaching sciencand nath at
local schools.

* Mutual aid. The Laboratorjlas ageements vth the surrounding ranicipalities to helpwhen
needd As aresult,our fire fightershaveresponded to aumber ofincidentsoff-site to help the
local voluneers. Our healtphysicistshave onducted radiation stlies for nunicipalities that had
concerns regarding specific hazards and responded to radiation events assisting the NJ State Police.

« Speakers Progran.PPL hagesearchers/ho addressscientificand engineering pregsionals on
aspects ofPPPL plasma research. Thaction is an irportant component of commuating the
community efforts in plasmas science and fusion research and development.

» Special Events. The Laboratory has colloquiactviaire open to the geaéipublic. Inaddition,each
year a series of ‘@ence on Satuad/’ programs isheld for high school student¥hesesessions
often result in more than 300 individuals hearing a lecture on a current science topic.

PPPL continues to evk with thelocal, county, and stategovernments tgrovide a value to the
community and, as a result, build on the high trust level that currently exists for the Laboratory.

V.C. Management Practices

V.C.1 Human Resources

The Human Resourcesrganization aPPPL provides expertise isupport ofthe Laboratory’s
Science Progranmanagersand staff, Environment, Safetand Healthprogram,BusinessOperations
and in it's relationships #in Princebn University, the Departmendf Energy, collaborators and
stakeholders. As humamsource professiorsalwe partner h line management in thareas of
recruitment, employee relations, compensatgtaff training and devebment,benefits nanagement
and effective use of human resource technology.

As a group wemeet periodically taliscussstrategic diectionsfor Human Resources arizbtter
ways of providingour servicesOne ofthe issuesoften discussed ishe challenge wéave over the
next five years where the nber of potentiaketirees aPPPL could possiblyreach asigh as80-90
in number. This factor will affect the entit@boratory as manags struggle to atict thebest from a
diminishing pool of qualified people.

One ofthe many challenges &and ceters aroundthe nature ofour work at PPPL which
demands uniquelgualified workers whoseompetency isleveloped ovetime and typically on the
job (staff composition is shown iffable 7). Asstaff retire they take wh them nany years ofcore
competencies irspecialtyareas. Linted budgets Wl make it difficult to bridge from this level of
experience. As aesult of our reputationfor excellence in esearch andur affiliation with a
prestigious University, PPPL continues to be able to attract the candmragesployment particularly
in the scientificand engineeringlisciplines. Inthe futue, political events may impadur ability to
bring scientists to PPPL as evidenced by changes regarding visa requirements for foreign visitors.

The Human Resources stadf PPPL wll need to add tds burgeoning basisupportfunctions
and broaden itsapabilities to develop deeper knowledge of technology anduge ofthe Internet.
As more organizationsiove tovard EmployeeSelf Service f@ns, we needo be echnologytrained
and experienced moving ourselves and the staff frortraldéional apprach to benefitsnanagement.
This will most likely happen over the next three years at PPPL.

We expect continued changesemployment lanand requirement®r compliance.This demand
will increaseour needfor training classes to staypdated orthe changegdaking place incourt cases
brought by workers today.

As we get ready for continuing shiftsthe tradtional employment paradigm we know wdl e
engaged irvendor management; managementeohporary workers;aployee demanébr increases
in their quality of life and more leisure time off; management of retirees back in theplaoekand all
other non-traditional work forces.
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Affirmative Action and Equal Employment Opportunity

PPPL developedand supportedvarious programs andactivities that demonstrateour sustained

commitment to affirmate action,equal employmenbpportunity, and diversity. Achieving and

sustaining a dierse workérce is a challenging go&r PPPL. Management rdgdy assesses the

gaps between where the organization is now and where it needs to be relative to diversity. We also look

for ways to design and imgrnent stragiesthat close gaps, mea®iresultsprovide educatiorand

improve communications at the Laboratory.

* Provide each new hire with a comprehensive new hire packi#dg®erefit information along with
various policies includingcEO, affirmative actionsexual harassment and information about how
to respond to racial and ethnic harassment.

» Developedwebbased diersity awaeness trainingPPPL staff can access information regarding
the Laboratory’s vision of diversity, goals and commitment, progress and achievements.

» EducatePPPLstaff byinviting colloquiumspeakers tgrovide nformation egardng recruiting
issues for women and minorities in Physics and other sciences.

» Establish relationships ith colleges and uwmersities in order to provide internship and
employment opportunities for women in engineering.

» Maintain relationships with the employment staffroain campus in aeffort to shareinformation
and resources.

The Laboratory’sgoal is tofoster apositive work placewhere all enployeesfeel included and

respected; and where we make full use of the contribution of all employees.

V.C.2. Site and Facility Management

V.C.2a Description of Laboratory Site/Facilities

PPPL is located on a government-leased 88.5taeof landon the Prirceton University James
Forrestal Campus igertral New Jersey. Theé.aboratoryutilizes ~ 730,000squarefeet of space in
Government-owneduildings bcated on “C” and “D” sites. Space distribution andacilities
replacement values are displayed in Table 9 and 10. There argldgs on C-Site and 7 buildings
on D-Site.

The C-Site omgdex, including theoretical, adimistrativeand researchctivities, experimental and
technical operations, the Director's Office, and the DOE Princeton Group Office, is structouait),
The D-Site comgde, including experimental, fiice and supportspace builin the 1970's to support
TFTR has largely been converted to supg@tNSTX experimentalevice.Adequatespace eists for
PPPL's sraller fusion devices, as well asor curent and futurenon-fusion plasma science and
technology projectskRecently therehasbeen increased demaiar snaller Laboratoryareaswhere
Principal Investigators and/owustentscan conductesearch. Office space is fullitilized and during
certain peak periods in the summer office space is at a premium.

Presently, there ar@o known conditionsthat could sermusly mpact establishingnew or
expanding current missns. Three modulatbuildings (representingver 13,000 squarefeet) were
demolished in FYO@nd FYO1. This efforhasbeen part of a long-term plan since the 1@®0's to
consolida¢ personneland functions,and hence reduce riahce onhigh maintenance taporary
facilities. The LaboratoryFacilities Plan describeghe existing site and infrastructure and planned
constriction for the next teryears. Thecondition,use andage ofLaboratoryfacilities areshown in
Figures 1, 2, and 3.

V.C.2b Laboratory Site and Facilities Trends

As Laboratory fundindpas declinedver thepast fiveyears, maintenandending as a @rcentage
of replacement plant valugas alsadeclined. The ograting budgetor facility maintenancdias been
inadequate as measured against industry standaftsratory managemehas focused on this as an
area requiring increased attention and is discussed further in section V.C.2.d.
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V.C.2c Site and Facilities Plans

A modern,effective,and efficient physical infrastructure is ofritical importance to maintaining
PPPL’s ability to continue world-classcientific researchinto the 21 Century. Inresponse to an
Office of Science initiative, a PPPL Strate§iacilities Plan Reporivas prepad inFY01 to meet the
DOE Office of Science go# modernizdts laboratories by012. The radernizationeffort focused
on:

Mission — ensuring that facilities and infrastructure i be adequate to accommodate
programmatic mission activities and technological changes.

Worker Environment — ensuring that quality of facilities provides a preferred wagkingonment
for our researchers that help to attract and retain high quality staff.

EnvironmentSafety, Healthand Security— ensuringthat facilitiesand infrastructurgrovide a
safe, healthy, and secure work environment for employees and visitors.

Operations and Maintenance — ensuring that facilities and infrastrudtiube efficient to operate
and maintain.

The Strategic Facilits Planwas designed to kld upon the PPPL Institutional Plan. The
infrastructure needs ithe InstitutionalPlan are largely driven by theesearch planfor the major
projects (NSTX andNCSX) and ourstaffing projections. Theesearch planfor NSTX, including
planned upgrades, are developed orbtes of broadniput fromthe user commanity annually at the
Researchi-orum. The plans fothe majorprojectsare reviewed byProgram Alvisory Committees,
which include merbers fromthe universitycommunity anchavetypically been chagd by scientists
from the university commmity. In addion, the plans forthe Laboratoryare madeavailable to the
community athe Budget Phnning Meeting,and a copy othe InstitutionalPlan is sent tdhe other
leaders of thdusion @mmunity, whichincludes members ahe university community. Vien the
Institutional Plan isapproved, it isposted onthe web.This is how PPPL hasnvolved the fusion
community in developing our infrastructure plans.

Several of the primary considerations in facilities planning include:

» Fundamental site land uses will not measurably changetfrose represented today. Thesmal
operating relationships of site functions may adjust or be altene@gdt_aboratory mssions and
needs.

» The Laboratoy staff sizehasdecreased substantially frob®95 kvels,but is expe&d to remain
level (at approximatelyd00-500 FTEsncluding term enployeesand subcontractorspver the
foreseeable future.

* A sequentialrehabilitationeffort will extend the useful life of aging facilities to the maximum
feasible extent. Neer facilities wl be altered consistently wh changing missins and
experimental needs.

* The basic infrastructure ofinderground tilities will not change in theohg-range future. An
importantfocusover thenext tenyears vill be refurbishment(life extension) omreplacement of
sections ofthe utility system, espadly in instanceswhere there may be ancreasing trend of
failures.

= A sequential program of roadway rehabilitation will be coordinated over time. Nearly forty years of
vehicle use andseasonathangehavetaken their toll on theoadways. A logal sequence of
improvement will restorthem.The on-sitevehicularcirculation pattern W remain essentially the
same. Future siteehicularaccess W depend on piected Route Icorridor trdfic volume and
access alternatives planned in coordination with development of the Forrestal Campus.

» The hardwareand softwarefor the physical securitysystemsare of nid-1980 vinageand are
becoming obdete. Maintenance andeplacement of materialand components i®ecoming
increasinglydifficult to resolve. Adedicatedeffort will be necessary tanodernize,replace, or
develop a substitute for the existing system. A QEOkcy establishing security arghfeguards as
a direct funded activity has added an additional level of complexity to this situation.

V.C.2d Detailed General Purpose Facilities Plans and Facilities Resource Requirements

As Laboratory funding declined from 198%ough 1999, maienancdunding as gercentage of
replacement plant value has also declined. The operating doddetility maintenance was marginal
during this period of cutback, and, as a result, thember of deferred antenance itemsicreased.
Laboratory management has focused on theamea requiringicreasedittention oprating tinding
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for maintenance requirements increased beginnikgY®0 as prt of afive-yearplan provided to the
DOE OFES in July 1999. IrFY00, annual maintenanceexpenditures(excluding steamplant
operation, landscapingnow emoval,andjanitorial budgets)are approximately 1.1%f the facility
Replacement Plant Value.

Maintenance priorities are established on a fundambatasthat relies heavily on the knowledge
and experience of in-house engineers and technicians. Typically, 2000 to 2500 routinedeskare
completed in a given fiscalear. Prioritiesare estalished toaddress wark tasks that: (a) affect
environment, safety, healthh security ssues; (bjare directly related to facilitpperations; (c) require
immediae action torestoreequipment to oprable status; antl) provide preventive raintenance to
operate the facilities in an efficient manner.

PPPL usedrocedure GENO9 “GPP Prioritization” for assessirand prioritizing proposed
GPP Projects. Th&echnical ResourcesCommittee isthe final authority for establishing GPP
Priorities and annualork plans. The TRGs composed of senior amagement representatives from
technical, scientificand adnnistrative oganizations withinthe Laboratory. he Maintenance &
Operations Division serves as the focal point for collecting proposed projects. Proposed projects result
from input fromvarious orgarations workingat PPPL, but also as a result fakility assessments
routinely performed byMaintenance &Operations. Tdacilitate the decision-making process, the
TRC hasformed asubcommittee, which is cqmsed of subject atter experts fromacross the
Laboratory to evaluate the merits of indual projects. Thissubcommitteaises dteria developed by
the DOE forthe CapitalAsset Managemerrocess (CAMP) tevaluatethe proposed mijects. It is
important to note that the CAMP criteria is intended to be a tool for management to rank projects, but it
is not intended to replace sound management judgment in reaching final decisions on project priorities.

The facility assessments by the Maintenance and Operations Division also proagisfar strategic
decisions regarding futuré¢esdevelopment. Faxample facility assessments gkveral aging C-Site
Buildings have led to the initiation of a conceptual design to study the benefits of erecting a single, new
3-story building and therefore eliminating 3 separaingle-story bildings. The benefitsnclude

reduced operating expenses, a reduction in total building space, improved human factor considerations,
and avoidd costs forrehabilitating theolder buildngs. Theconceptualdesign is scheduled to be
completed in order to coincide with the FY05 budget planning cycle.

V.C.2e Assets and Space Management (Inactive Surplus Facilities)

PPPL Departments/Divigins are not chargedfor space utilization. The Maintenance and
Operations Division and Facilitylanagers throughouhe organization mmagespace During FY02,
property management personnel continued to review apbsk ofpropertythat is no énger needed
to support caent or plannedPPPL operations. Laboratory amagementand prgect personnel
continue toreview site equipment and material to identdgsetsthat aresurplus toPPPL’s needs.
These reviews include assets in-use and held in storage, spare parts, and commoesiursestory.
The disposition strategy for property declared excess will be to app8ts to an ongoing or planned
projects, distribute assets to otb#DE labs orfederalagenciesand donate or sell thessets through
the General Services Adnistration’svarious dsposition programs. The disposaltbé excess and
scrap property generated by the D&D of TFTR is ongoing.

V.C.2f Energy Management

The PPPL In-HouseEnergy Managenm Program includes providing appropriate control,
organization, @nning,and administration ofitility contracts,and providingdirect liaison interfaces
with utility companies. Ectic poweris, by far,the largestutility expensePPPL’s objective is to
obtain themost @mpetitive price for electric power that meets the reliabiligequirements of the
experimentalprogram. Hectrical energyfor PPPL isprovided byPublic Service Hctric & Gas
Company through a GSA Area-Wide Contrdde State oNew Jerseyhas endorsederegulation of
the electricpower marketand PPPL is verking closely vith DOE and the [2fense Engy Support
Center to explore avenues for procuring electricity.

In an effort to preserve operationalufids by emphasizing energyconservation, tlities
Management custom designed and ingphented thd.aboratory Electd Utility Bill Apportionment
Program, which directly charges major users for electrical usage. From the start, this agjpasn

9/30/02



PPPL Institutional Plan — FY03 33

a successand hasreflected nonthly savings ofl5-20% inthe Laboratory'selectrical cost. The
Electrical Interruptand Hectrical Cutailment Service Utilities Programshave saved theLaboratory
over$10 million since inception in F86. These agreedpon demandredit savings occur amthly,
whetherPPPL's electricity ignterrupted or notlt is noteworthy to point outhat overthe years,
electrical interruptions were minimal and have not conflicted with the Laboratory's mission.

In order to reduce the electrical energy demand costs, custom software priogvacstinued to
operate speciaDemand Monitor Access Terminal(s)hd Utilities Demand Monitoring System
provides opportunity and capability to control electrical demand (kW) and energy consumption (kWh)
costs, therebwchievingcostefficiency. PPPLalso mplements a aintenancgrogram to ensure the
efficient operation of buildings and timely correctiof deficiencies. The Bding Automation System
has received upgrades and efforts havamenced tancorporate additinal buildings andequipment
into the system for even greater energy saving opportunities.

PPPL's In-Housdenergy ManagemerProgramresulted in a reduction of 28.5% in building
energy consumption per SF KYO01 vs.the FY85 BaseYea. This compares ith a National Energy
ConservatiorPolicy Act goal of &20% redwtion between FY8&ndFY00 and the goal of 40% by
FYO5.

V.C.3 Security, Intelligence & Nonproliferation

PPPL strives toensurethatits enployees,collaborators, visitorand thegeneral public work or
visit a safe and securenvironmentthrough an Integrated Safjuards andsecurity Management
approach. PPPL’s Security Program is designed to pect its assets, irtecud, property,
computationaland other institutionatesources ensurintipat its scientific misson and operatinal
requirements as a DOHational Laboratory are sustained.PPPL updates its Site Security Plan
annually. The Plan addresses potential threatdaagdts,dentifies protection strategiesd physical
protection systemsprotective foces, nformation security, property protectionand risk assessment
activities.

Thetask of providing protectionfor DOE sites andacilities continueso become increasingly
complex due to the rapid changes tirattaking place in ¢hworld. These recenchangesavemade it
clear that PPPL is among Laboratories andther federal facilities reassessingsecurity
countermeasures fwovide requisite protectiorior fadlities, staff, and visitors. Thevents assnated
with September 1122001 resulted in a significantmpact on thd.aboratory's SecurityProgram. In
accordance ith estabkhed DOE protocols,heightened securitycontrols vere immediately
implemented and havgeen in effeciever snce. These controlsicluded addithnal securitypatrols,
enhanced acces®ntrols, andeveral mdestfacility improvementsDue tothe timing of theevent,
there was insufficient budgatithority to cover theosts ofthese necessagnhancement®PPL has
worked closely vth the DOE on the budget issueyunfortunately,the funding concern continues to
exist for the forseeable future.

In addition,the Laboratoryhas proposedhcrementalfunding ($1.3M) toreplace an aging and
deterioratingfacility access controdystem. The proposdilas beenreviewedand endorsed by SC
Security personnel for funding consideration.

PPPL's fundamental research subject areageaerally available in the public domduor civilian
sciencepurposesand aligned to umersity disciplines. BecausBPPL doesot conduct classified
research or maiain clssified information, theaboratory isexemptfrom the Unclassified Foreign
Visits and Assignrants DOE orderNeverthelessPPPL participates in the operational framework of
the nationalaboratory systemwith security considerationsimilar to other non-classifiedacilities.
PPPL is fullycommitted to the iplementation opoliciesthat ensurethe protection ofofficial use
only” information.

PPPL’s Export Control Officeris responsible forcoordinatingthe Expat Control Program.
Export Control activities araddressed anekviewedthroughthe reevant DOEordersand guidelines
for control of Irtellectual Property, includingdata obtainedthrough ndustrial contractssuch as
CooperativeResearchand Development Agreemen@nd Work for Qthers, isreviewedfor export
control sensitivity and for patent disclosure considerations.
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V.C.4. Budget, Finance, and Resource Management

The BusinessOperations Degrtment provides institunal resurce panning, budgeting, financial
analysis, accounting operations, travel and temporary relocaigitesprocurement and subcontract
administrationservicesand projeciplanning and controlservices tathe Laboratory. he Bushess
Operations Degrtment is comprised dhe following divisions:Accountingand FinancialControls;
Budget Office; Procurement Division; Project Finance and Administration.

The Accountingand FinanciaControlsDivision is prncipaly responsiblefor providing general
accounting tinctionsfor the Laboratoryincluding payroll, accountgpayable,and naintenance of the
general ldger. Thisdivision also providesthe Laboratory with travel reservationand temporary
relocation services.

The Budget @ice is primarily responsible foproviding theLaboratory vith budget formulation
and budegt executiorservicesjncluding thedevelopmeniand management of incect pricing rates,
and the maintenance of the Laboratory’s CAScsure Statement. THaudget Officealso provides
pricing and contract administration support for the Laboratory’s work-for others program.

The Project Finance and Administration organization provides financial and adminiscgijmort
to the Laboratory’s pafolio of scienceprograms. The Laboratory’své Planning and Control
Officers have a‘dual” repating responsibility, wh the “solid line” being tothe Head, Busiess
Operations Office anthe “dotted line” being to thesenior level prograrmanager whosprograms
they support. The dual reporting structure provides étwratory with thdvenefits ofclosely aligning
these indriduals wth the program personnedhat theysupport, wile still maintaining some of the
controllership benefits that are usually associated with more centralized financial organizations.

The Procurement Division buys the goods and services required by the Laboratory. The Division's
objedive is to procure theséems in accordanceitn the requirements of the primeontract and
applicable laws and regulatiorat,financial and contract termshostfavorable to thd_.aboratory. Part
of this responsibility includethe administration othe Laboratory’sprocurement card system, which
includes approxirmtely fifty active cardholdersplacing trasactionshaving an anral value of
approximately $2.7 million.

Socioeconone procurenent goalshave been negotiated ithh the DOE for FY02 covering
procurement awards to smadilusinesses, s disadvantaged bussses,women-owned small
businesses, and hub zoneafilbusiresses. PPPL haghieved all ofts socioeconomic performance
goals foreach of thgyast sixyears,and expects tachieve all ofits socioeonomicgoalsfor FY02.
This consistent level of performancersts from acombinationof unstinting otreach effort and
careful pre-award evaluation of supplier capaaiiy eapabilities. In recognitn of its sustained record
of successthe Laboratory receivedthe Dwight D. EisenhowerAward for Excellence in Small
Business Subcontracting from the United States Small Business Administration on June 10, 1999.

Princeton Universityand theDOE executed theisecondperformance-based five yeeontract on
October19, 2001. Thiscortractexpires on Septemb&0, 2006. PPPL hasecently completed five
years of operations under pseviousperformance-baseduntract.Under thiscontract, perfonance
metrics were negotiated wh the DOE, andPPPL tacked its performancagainst these metrics.
Overall, the Laboratory’sperformance against these metrics during this five year contract period
ranged inthe “excellent” to“outstanding” rating categories?PPL performedself-assessments for
key activities in the Laboratory operationareaand conducted peer rews ofits variousresearch
programs. Laboratory staff worked closely with their DOE counterpadsvaloping theirespective
self-assessments. Both the self-assessments and the pees rewewesulted inseful £edback that
the Laboratoryhasacted or W act upon. We anticipate a silar level of secessful perfanance
during the FY02 throughFYO06 time period,pursuant tadhe terms obur curent performance-based
contract.
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Table 1. PPPL Program Plan
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Table 2. Organization Chart
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Table 3. Laboratory Funding Summary
Current Year Dollars ($M)

AT-Fusion Energy Sciences ;FY02; FYO03 FY04 FYO05 FY06 FYO7

On-site Research Base Base Incr.iBase Incr.iBase Incr.iBase IncriBase Incr.
NSTX (PPPL) 228 265 14 265 36 286 3.6 298 3.6 310 3.6
NSTX Collaborators 44 51 03 51 43 55 H3 57 0.3 6.0 {03
ARIES 0.2 0.2 07 0.2 0.2 0.2
NSO/Econ Studies/APEX 09 11 2216 11 43 13 HO 14 i52 14 i54
CDX-U 0.8 07 0% 07 06 07 06 07 Q6 0.8 ).6
MRX 0.6 0.6 0.6i 0.6 0.6 0.6 0.6 0.6
Heavy lon Fusion 114 11 14 11 21 12 21 1.2 22 13 i23
Magnetic Nozzle (MNX) 0.2 0.2 0.2 0.2 0.2 0.2
FRC Rot. Mg. Fields 04 02 05 02 05 0.2 .5 0.2 0.6 0.2 i0.6
Plasma Applications & Basic Phys. 0.8 0.7 0.7 04 08 i05 08 :05 09: 05
Diagnostics (incl ECE/3D Imgng) 0:2 0.5 0.5 0.5 0.5 0.5
Theory 3% 39 11 39 12 46 08 4.8 9.8 5.0 0.9
CPPG & Adv. Scientific Comp. 20 21 02 21 062 22 D5 23 {05 24 05
FRC Theory 0.2 0.2 0.2 0.2 0.2 0.2
Science Education 0i6 06 062 06 61 0.7 0.7 0.7

Off-Site Research
Off-Site Univ. 0.8 0.8 0. 0.8 03 09 03 0.9 ).3 1.0 0.3
Off-Site Res. (US) 61 6.8 1 6.8 X1 64 6.6 6.9
Off-Site Res. (Int'l) 3.6 30 12 30 11 32 (69 33 09 33 i0.9

New [ nitiatives
NCSX (PPPL) (1,2) 41 94 3i7 156 3.1 198 1.5 196 {15 224 i20
NCSX Collaborators 183 26 05 16 47 23 .7 3.0 0.7 3.8 i1.0
QPS (PPPL) 04 02 031 10 G1 1.0 3.1 1.0 0.1 1.0 0.1
NSF Collaborations 0.3 0.3 0.3 0.3 0.3
Topical Computing Center 3.0 5.0 7.0 7.0
NSST 2.0 4.0 5.0 20.0

PPPL ATFES Research Subto 48.6 58.9 13.9 65.9 245 73.5 25.4 75.Z 28.§ 80.z 44.7

TFTR D&D/Facilities
D-Site Caretaking 33 05 0.5 0.6 0.6 0.6
TFTR D&D Removal 10.%
TFTR D&D Pack., Trans & Dispsl 1i4
Waste Management 32 2.7 2.7 2.8 2.8 2.9
GPP 1.9 1.2 0.2 1.2 02 15 1.6 1.7
Indirect Capital Equipment 0i4 01 0.1 0.1 0.1 0.1

TFTR D&D/Facilities Subtotal 20.6 45 02 45 02 5.0 5.1 5.3

AT PPPL Fusion Energy 69.263.414.1:70.424.7:78.525.480.% 28.§ 85.% 44.7
Sciences

AT — PPPL + Exper. Collaborators 74.9 71.1 14.9: 77.1 23.7: 86.3 23.5: 89.2 28.9: 95.3 32.1

FS/GD- Safeqguards & Security 2.3 1.9 1.9 1.9 1.9 1.9

KJ - Adv. Sci. Comp. Research 0.4 0.4 0.4 0.4 0.4 0.4

KA - High Energy Physics 0.3 0.2 0.2 0.2 0.2 0.2

KH- Excess Facilities 0.9 0.5 1.0

Disposition

KX — Office of Science 0.2 0.1 0.1 0.1 0.1 0.1

Non DOE Work for Others 2.2 15 1.5 15 1.5 1.5

Non - AT Total 6.2 4.6 5. 4.1 4.1 4.1

PPPL Funding Total 75.468.014.175.524.7.82.625.4 84.€ 28.8 89.€ 44.7

1. Assumes Capital Equipment project.
2. CDR May 2002. Construction Start (CD#3) in April 2004
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Table 4. Laboratory Personnel Summary

AT-Fusion Energy Sciences
On-site Research
NSTX (PPPL)
ARIES
NSO/Econ Studies/APEX
CDX-U
MRX
Heavy lon Fusion
Magnetic Nozzle (MNX)
FRC Rot Mag. Fields
Plasma Applications & Basic Physic
Diagnostics (incl ECE/3D Imgng)
Theory
CPPG & Adv. Scientific Comp.
FRC Theory
Science Education
Off-Site Research
Off-Site Univ.
Off-Site Res. (US)
C-Mod LH Project
Off-Site Res. (Int'l)
New I nitiatives
NCSX (PPPL)"?
QPS (PPPL)
NSF Collaborations
PPPL AT FES Research Subtotal
TFTR D&D/Facilities
D-Site Caretaking
TFTR D&D Removal
TFTR D&D Pack., Trans & Dispsl
Waste Management
GPP
TFTR D&D/FacilitiesSubtotal
AT-PPPL Fusion Energy Sciences

FSGD- Safequards & Security
KJ — Office of Comp. & Tech Res.
KA - High Energy Physics
KH-Excess Facilities Disposition
KX —Office of Science
Non DOE Work for Other
Non — AT Total

Indirect Technical Staff
Total Direct Personnel
Total Indirect Personnel (G&A)
Total FTE's
Less subcontract & term employees
Less Graduate students
PPPL Staff

Assumes Capital Equipment Project

Includes direct allocations (cc54xx)

agRwNE

FY02i FYO03 FYo4 FYO5 FYO6 FYO7
Basé Baselncr.i Base Incr.i Base Incr.i Base Incr.i Base Incr.
1078 111.2 4.608.2 12.9 113.5 16.2 114.9 15.7 116.0 15.2
0.5 0.6 07 0.7 0.7 0.7
24 28 46 28 134 34 152 35 :153 35:155
30 24 25 24 255 23 24 23 25 23 25
29 26 15 26 16 26 2.6 2.6
52 33 40 31 40 33 39 33 i39 34 i40
12 1.2 1.2 1.2 1.2 1.2
0i4 05 23 05 23 05 i22 05 {23 051i 23
5 47 4.1 4.1 4.3 4.3 4.3
51 14 1.4 1.4 1.4 1.4
17.6 149 44 145 4.7 16.7 B8B.2 169 3.2 171 | 3.2
107 85 99 79 09 81 i22 82 i22 83 22
1.2 0.6 0.6 0.6 0.6 0.6
26 22 92 22 01 25 2.6 2.6
22 23 0& 23 07 24 07 24 2.4
194 179 04 194 0.2 17.7 (0.2 177 (0.1 177} 0.1
14 11 13 12 2.2
122 101 25 90 12 95 09 95 09 92 :09
14.4 29.1 94 245 1.0 54.1 69.0 6.0 70.2 :8.0
04 08 (G4 40 64 40 04 40 (04 40 i04
1.2 1.2 1.2 11 11
211.3218.& 39.%2213.f 48.5249.6 47.4266.5 52.5269.( 54.3
157 1.7 1.7 1.7 1.7 1.7
62.0
2.0
15.1 12.3 12.3 12.3 12.3 12.3
16 1.0 1.0 1.0 1.0 1.0
95.8 15.C 15.C 15.C 15.C 15.C
307.§233.6 39.2228.t 48.5264.6 47.4281.F 52.5284.( 54.3
21.5 147 40 147 40 147 14.7 14.7
28 14 1.4 1.4 1.4 1.4
22 1.0 1.0 0.9 0.9 0.9
34 1.9 3.8
108 7.5 7.5 5 7.5 7.5
40.% 26.5 4.0 284 4.0 24°% 24.5 24.t
19.2 17.8 17.6 17.6 17.6 17.6
367.4278.1 43.%2274.& 52.£306.¢ 47.4323.¢ 52.5326.]1 54.3
162.4156.« 4.0156.« 4.0158.« 4.0159.« 4.G159.. 4.0
529.6434.F 47.7431.z 56.£465.: 51.4483.( 56.5485.f 58.3
113.8 185 14.2 48.3 66.0 68.5
29.0 29.0 30.0 30.0 30.0 30.0
387.G387.( 387.( 387.( 387.( 387.(

CD#1 in CDR May 2002. Construction Start (CD#3) in April 2004

Technical Staff performing technical functions but charged indirectly (cc51, 52, 53, 54, 55xx)
Includes PPPL hired and supervised subcontractors
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Table 5. Resources by Major Progran{(PPPL Funding by Secretarial Offiger

Current Year $M — BA FY02 EYO3 FY04 FEYO5 FEY06 FYO7
Office of Science
Operating 62.9 50.0 52.4 59.2 61.0 73.3
Capital Equipment 4.4 12.2 16.8 17.8 17.9 1p.5
General Plant Projects (GPP) 1.9 1.2 1.2 1.5 1.6 1.7
Total 69.2 63.4 70.4 785 80.5 85p
FS/GD — Safeguards & Security 1.8 1.9 19 1.9 1.9 19
KJ — Adv. Sci. Comp. Research 0.4 0.4 0.4 0.4 0.4 0.4
KH — Excess Facilities Disposition 0.9 0.5 1.0
High Energy Physics 0.3 0.2 0.2 0.2 0.2 0.2
KX — Office of Science 0.1 0.1 0.1 0.1 0.1 0.1
Non DOE Work for Others 2.2 1.5 15 15 15 1.5
Total Laboratory Funding 75.4 68.0 755 826 84.6 89|6
(w/o collaborator funding)
Table 6. Collaborator Funding for National Projects
AT-Fusion Energy Sciences FYO2 FYOZ FY04 FEYO5 FEYOE FEYO7
NSTX 4.4 51 5.1 5.5 5.7 6.0
NCSX 1.3 2.6 1.6 2.3 3.0 38
Total 5.7 7.7 67 7.8 8.7 9.9
Table 7. Laboratory Staff Composition
Ph.D. MS/MA BS/BA Other Total
No. % No. No. % No. % No. %
Professional
Scientist 93 192 O 0 0 2 0.4 95 191
Professional
Engineer 14 2.9 31 6.4 33 6.8 5 1.0 83 171.1
Managemen&
Administrative 3 0.6 21 4.3 23 4.8 28 5.8 75 134
Support/
Technician 0 0 0 13 2.7 199 411 212 436
All Other 0 0 0 1 0.2 20 4.1 21 4.3
Totals 110 22.6 52 10.7 70 14.4 252 523 486 100

(April 2002)
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Table 8. Experimenters at Designated User Facilities FYO1

45

—e—0DIII-D —m—C-Mod
0 | JET JT-60U a
—%—KBS| (Korea) —e—LHD (NIFS)
35 —+—W7-AS
2 30 \ /\\
[0}
) \ \\
2 25
5 \_‘—/4
2
8 20
S
Z 15
51 m— % —m
0 .\0—0/;\' ® — |
& & & S ) N Q 3 & y & &
S & & ¥ ¥ ¢ g » ¢ &
fox & & N & A\ &
<> Q ®
FYO1

Time Spent Collaborating

Table 9. Laboratory Space Distribution

at Other Facilities

Location
Main Site
Off Site
TOTAL

Area (Gross Sq. Ft.)
724,366
700
725,066

Table 10. Facilities Replacement Value

Facilities Type Replacement Value (FY02 Dollars)
Buildings 211,548,180

Roads and Pavements 4,045,868

Utilities 46,081,162

All other 131,009,474

Total 392,684,684

Table 11. Major Construction Projects

General Plant Projects Fundi(® Thousands)(BA)

Projects FY02 FYO3 FY03-05
Safety 0 500 3,000
Improvement 1,370 500 3,800
Environment 0 200 1,000
TOTAL 1,900 1,200 7,800
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Table 12. Equal Employment Opportunity

Officials/ Scientists &| Technicians All Other Total

Managers Engineers

No. No. No. No. No.| %

Minority
Males 1 33 18 5 57 14.(
Females 1 2 1 15 19 24.B
White
Males 52 97 159 41 349 85.9
Females 5 6 2 46 59 75.p
Black
Males 0 2 16 4 22 5.4
Females 1 0 1 12 14 17.p
Hispanic
Males 0 0 0 1 1 0.2
Females 0 1 0 2 3 3.8
Native American
Males 0 0 2 0 2 0.4
Females 0 0 0 0 0 0
Asian/Pacific Islander
Males 1 31 0 0 32 7.8
Females 0 1 0 1 2 2.5
Total
Males 53 130 177 46 406| 84.9
Females 6 8 3 61 78 15.f
(April 2002)

Table 13. Completed Dissertations for 2001 — 2002

Sechekochinin, Alexandey “Statistical Theory oSmall-Scale Turbulent Astrophysidaynamos,”
January 2001, Advisor: Russel Kulsrud.
Strasburg, Sean “Dynamics of Intense ChargedParticle Beams,” January2001, Advisor: Ror
Davidson.
Breslau, Joshua“Numerical Study of Magnetic Reconnection in Merging Flux Tubes,” A1,
Advisor: Steve Jardin.
Li, Xiaho, “Laser-Plasmadnteraction inPlasma Channel arf@elativistic Rrticle Dynamics,” April
2001, Advisor: Gennady Shvets.
Carter, Troy, “Experimental Studis of Fluctuations in a BconnectingSheet,” Aigust 2001,
Advisors: Massaki Yamada, Russel Kulsrud, and Hanto Ji.
Ping, Yuan,"Soft X-Ray Lasers andRaman Amplificationn Plasmas, May2002, Advisor:Szymon
Suckewer.

(listing as of 5/21/02
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Figure 1. Condition of Laboratory Space
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. (]

BEReplacement Required

81.30%

Figure 2. Use and Condition of Laboratory Space
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Figure 3. Age of Laboratory Buildings
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ALPS
AMTEX
ARIES
BES
CAMP
CCWP
CDX-U
C-Mod
CPPG
CRADA

D&D
Dill-D
DOE
EBW
ECH
EEO
ES&H
ES&H/IS

FESAC
FIRE
FLC
FRC

GA
GPP
HBT-EP
HHFW
HIT-Il
HSX
HVAC
ICRF
ITER
JAERI
JET
JT-60U

KSTAR
kW
LHD
LANL
LLNL
LPDA
MAST
MFE
MHD
MIT
MNX
MRX
MSE
MST
NASA
NBI

Acronyms

Advanced Liquid Plasma-facing Surface

American Textile

Advanced Reactor Innovation Evaluation Study
Basic Energy Sciences

Capital Asset Management Process

Central Chilled Water Plant

Current Drive Experiment-Upgrade

Alcator C-Mod - experimental fusion device in Massachusetts
Computational Plasma Physics Group

Cooperative Research and Development Agreement
Calendar Year

Decontamination and Decommissioning

Doublet three - experimental fusion device in California
Department of Energy

Electron Bernstein Wave

ElectrorCyclotron Heating

Equal Employment Opportunity

Environment, Safety and Health

Environment, Safety and Health and Infrastructure Support Department
Experiment at University of California

Fusion Energy Sciences Advisory Committee
Fusion Ignition Research Experiment

Federal Laboratory Consortium

Field Reversed Configuration

Fiscal Year

General Atomics

General Plant Projects

Experiment at Columbia

High Harmonic Fast Wave
Experiment at University of Washington

Experiment at University of Wisconsin

Heating, ventilating and air conditioning

ion cyclotron for radio frequencies

International Thermonuclear Experimental Reactor
Japan Atomic Energy Research Institute

Joint European Torus (Experimental fusion facility in England)
Experimental fusion facility in Japan

Kilo-amps

Korea Superconducting Tokamak Research Project
Kilo-watts

Large Helical Device

Los Alamos National Laboratory

Lawrence Livermore National Laboratory

Laboratory Program Development Activities
Experiment at Culham, England

Magnetic Fusion Energy

Magnetohydrodynamics

Massachusetts Institute of Technology

Magnetic Nozzle Experiment

Magnetic Reconnection Experiment

Motional Stark Effect

Experiment at University of Wisconsin

National Aeronatics and Space Administration
Neutral Beam Injection
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NCSX
NERSC
NSF
NSTX
OFES
ORNL
PAC
PBX-M
PPPL
PSACI

Natobnal Compact Stellarator Experiment
National Energy Research Scientific Computing
National Science Foundation

National Spherical Torus Experiment

Office of Fusion Energy Sciences (DOE)

Oak Rdge National Laboratory

Program Advisory Committee

Princeton Beta Experiment-Modification
Pmceton Plasma Physics Laboratory

Plasma Science Advanced Computing Initiative
Quasi-axisymmetry

Quasi-omniginous

Quasi-omniginous Stellarator

Research and development

Radio-frequency

Reverse Field Pinch

Rotating Magnetic Field

Office of Science (DOE)

Experiment at University of California

Sientific Discovery through Advanced Computing
Scrape of layer

Strategic Facility Plan

Spherical torus

STin Culham England (Small Tight Aspect Ratio Tokamak)
Experiment at University of Washington
Experiment at University of California

Tesla (a unit of magnetic strength)

Tokamak Fusion Test Reactor

Spheromak Experiment at University of Tokyo
Uniwersity of California-San Diego

United Kingdom

United States

Work-for-Others
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