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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the -
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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I.AIntroduction

This Planning Detail® supplements the LBL Institutional Plan, FY 1981-
86 as part of the FY 1981-86 institutional planning process. The discussions
of LBL programs are grouped under their cognizant assistant secretarial level
offices, and within these grouplngs, by DOE Budget and Reportlng codes for
FY 1980. LBL resource tables are given in the appendix.

Actual FY 1980 budgetary support levels have been included in the text
to help define the present scope of these programs; the names of cognizant
LBL staff members have been provided. New work proposals and new initiatives
are described in labeled sections separate from the descriptions of the
ongoing programs.

%
This document is also referred to in the DOE Institutional Planning Process
Format Specifications as the "WPAS Summary."
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Director, Office of Energy Research

CURRENT EFFORT

MAGNETIC FUSION (AT) (FY-80 $5.7 M)

Applied Plasma Physics (AT 05) (FY-80 $0.6 M)

Plasma Theory o ‘ Kaufman

In support of magnetic fusion applications, basic plasma theory
is carried out in related areas, including: development of canonical
formalisms for plasma dynamics in tokamaks and mirrors, study of stochas-
ticity of particles and waves, use of Lie transform approaches to perturba-
tion theory, and trial of sympletic approaches for non-canonical dynamics.

Neutral Beam Plasma Research - o Kunkel

Basic plasma physics research is conducted to understand and improve
the operation of neutral beam sources and the physics of neutralizer plasmas,
and to support the technology development of fusion systems.

\

Experimental Atomic Physics Pyle

Atomic collision data are obtained on production rates for various
ion species. This information is essential for all neutral beam development
schemes. Some of this work is performed at the SuperHILAC.

Confinement Systems (AT 10) (FY-80 $4.7 M)

Tokamak -

The Neutral Beam System Test Facility (NBSTF) will be completed in
FY-80.

Development and Technology (AT 15) (FY-80 $0.2 M)

Neutral Beam Development and Technology Pyle

The neutral beam R&D effort, consisting of positive and negative ion-
source development and test stand development and operation, is the largest
part of the LBL Magnetic Fusion Energy program.

LBL is one of two major U.S. laboratories with a positive~ion-based
neutral beam program. Development of the long-pulse (1 to 30 sec) capability
of the Advanced Positive Ion Source (APIS) is directly applicable to the
injection requirements for MFTF-B, TFTR/TFM, DIII-U, ETF, and MNS.

Research into negative ion-based systems, centering on the production
and acceleration of H- and D™ ions, has been started and will increase in
FY-81. These sources may be essential to achieve efficient, long pulse
neutral beam systems at energies of 150 to 200 keV and higher.
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The development and operation of test stand facilities is also a critical
component of neutral beam R&D. LBL test stands IIIA and IIIB operate in the
120 kV range; the Neutral Beams System Test Facility (NBSTF) operates in the
same energy range but with more total energy per pulse. A proposal to upgrade
this facility to the Neutral Beam Engineering Test Facility (NBETF), with
greater neutron shielding and higher energy (170 kV) is discussed as a New
Initiative.

Neutral beam R&D, traditionally funded through LLL where much joint
research is conducted, will be funded directly by DOE, at a level of
$3 million, beginning in FY-81. .

Structural Materials and Weldments for High-Field
" Superconducting Magnets ‘ ' © Morris

Improved structural materials are designed and developed for use in
structural supports of high-field superconducting magnets. The research
also addresses the problem of improving the cryogenic properties and welda-
bility of high strength austenitic steels, which are preferred in current
magnet designs. Research tools include microstructural characterization,
mechanical testing, failure analysis, metallurgical analysis, and chemical
and microstructural modification. :

ZEPHYR Neutral Beam Design

The U.S. will collaborate with IPP/Garching during FY 1980-81 on the
design of a neutral beam system for ZEPHYR, an ignition test facility to
be built in Germany. The basic parameters for the ZEPHYR neutral beam
systems are for 1.5-sec injection of 20 MW of 160 keV neutral deuterium
beams. ' '

LBL will conduct a one-year conceptual design study of sufficient
detail to give confidence in schedule, design feasibility and cost to allow
finalization of a formal agreement between the U.S. and Federal Republic
of Germany.

Compact Torus Formation by Hot Electrons  Kunkel

The goal of this project is to form a compact torus configuration from
a microwave-heated hot electron plasma over a relatively long time-scale
(hundreds of milliseconds) compared to present fast start-up techniques.
The compact torus configuration would last for seconds, long enough to allow
study of stability, equilibrium and slow heating. A detailed parameter
study, engineering design, and construction is proposed for FY-81, with
completion and preliminary results in FY-82.
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HIGH ENERGY PHYSICS (KA) (FY-80 $11.1 M)

Physics Research (KA 01) (FY-80 $6.7 M)

Time Projection Chamber (TPC)

The Time Projection Chamber (TPC) presently being developed for PEP
is a major innovation in detector technology. Through its capability to
generate instrinsically 3-dimensional spatial data combined with high-density
ionization measurements, the TPC technique provides particle identification,
pattern recognition and event reconstruction efficiencies that surpass any
other available technique.

The initial research goal (after construction and debugging of the
facility) is to search for evidence of new processes or the production of
new particles at PEP. The ratio of hadron to muon pair production will be
" measured to high precision; the details of hadronic events will be observed
in order to measure multiplicities, sphericity and inclusive particle spectra;
scaling will be tested; and, search for:bumps in invariant mass spectra
reconstructed from these final state hadrons will be made. It should be
emphasized that if a new hadronic threshold is reached at PEP, the TPC
facility is exceptionally well instrumented to spot new mass bumps, even
far above threshold, because of the high quality particle identification .
available. An attempt to detect weak interaction effects will be made during
this phase.

Mark II Magnetic.Detector

The Mark II Magnetic Detector, the first gemeral purpose facility at
PEP, is an instrument of substantially greater sophistication than the
Mark I which made numerous discoveries (y particles, charmed particles)
over a period of four years at the SLAC storage ring SPEAR.

The Free Quark Search

A large part of the experimental results of present day high energy
physics can be explained with quarks being the fundamental building blocks
of elementary particles; but as yet no quarks have been observed. PEP opens
up a completely new domain for the search for charged particles. This experi-
ment offers a simple detector that would be able to detect quarks of mass up
to the maximum PEP energy at 15 GeV.

Theoretical Physics

Theoretical physics research includes work on gauge theories of weak,
strong, and electromagnetic interactions., Much of the work is directly
related to the LBL experimental program, for example, analysis of charmed
meson decays, production of charmonium states in Pp annihilation, tests of
integral and fractional charge quark models, and studies of radiative
transitions among charmonium states. Research on unified electro-weak
theories and QCD has a direct bearing on future experimental work.



. LBL 6

Neutrino Interactions and the External Muon Identifier

Currently studies of neutrino interactions of high momentum transfer
are being made to search for effects of the hypothetical gluons of quantum
chromodynamics. In addition a careful search is underway for neutral current
events. )

The Particle Data Group

The "Review of Particle Properties" and other compilations of descriptive
and bibliographic information on published articles, preprints, and current
experiments are issued by the LBL Particle Data Center. The Berkeley Database
Management System is used to maintain and query the various LBL data bases,
which are open to outside users.

Muon Reactions

LBL has led a major program in high energy muon scattering by constructing
and using the Multi-Muon Spectrometer. This innovative detector has produced
data with high statistics, which are beéing used to test QCD models for lepto-
production of charm.

' Astrophysics and Astronomy’
This work is concerned with measurement of properties of the primordial
blackbody radiation and with study of compact astronomical obJects such as

neutron stars and black holes.

Facility Operations (KA 02) (FY-80 $ 0.7 M)

This program is concerned with the operation of PEP detectors and
the LBL contribution to the PEP Facilities coordination group. Current
work involves testing and mechanical and electrical maintenance of the
Time Projection Chamber and its superconducting magnet.

“Superconducting Solenoid Magnets

This is a study of the design of superconducting magnets required
for particle detectors in high energy physics. The physics of quench
“phénomenon and techniques of quench protection are included. Techniques’
resulting from this study can be used in other laboratories such as CESR,
as well as in private-sector laboratories.

Accelerator Theory

Théoretical work on accelerators encompasses a broad range of activi-
ties, from direct contributions to design and development of operating
and proposed accelerator facilities at LBL to collaboration with other
laboratories on projects of mutual interest.
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High Energy Technology (KA 03) (FY—SO‘SAiivM)

Advanced Accelerator Studies - ' Elioff, Taylor, Lambertson

This program consists of three activities: PEP and future colliding
beam projects, development of high field superconducting accelerator magnets,
and studies of beam cooling.

Turn-on of the PEP beam was achieved on schedule in April 1980.
LBL participation will continue, as required, to assure maximum operating
efficiency during the start-up period and to investigate future PEP develop-
ment and improvement. The Single-Pass Collider Project at SLAC is currently
studied as the next step in e*e™ physics.

Additional collider efforts are pursued, particularly collaboration
on the pp project at Fermilab. LBL's program in stochastic beam cooling
has achieved substantial progress this year. Success in beam cooling is
essential to any Pp scheme, and LBL's contributions to Fermilab's collider
system are important to the success of the project. »

LBL's program in high-field superconducting accelerator magnet devel-
opment addresses both the immediate and long-term needs of the national
high energy physics program. The long~term goal is to achieve 7-11 tesla
magnets for the next generation of HEP facilities. On the immediate side
is the full understanding of current technical problems and provision of
a sound engineering base for superconducting magnet design. A comprehensive
program, including a fundamental effort in underlying physics, component
development, instrumentation, engineering and materials science is proposed
as a New Initiative,

NUCLEAR PHYSICS (KB) (FY-80 $17.3 M)

Medium Energy Physics (KB 01) (FY-80 $0.2 M)

The Physics Division has no immediate plans for Medium Energy research,
but this should not preclude future involvement.

Heavy Ion Nuclear Physics (KB 02) (FY-80 $16.5 M)

SuperHILAC and Bevalac Research (FY-80 $3.4 M) . Various

This project covers basic nuclear physics investigations with heavy
ions at the SuperHILAC and Bevalac accelerators. It supports developments
in instrumentation, provides collaboration with visiting researchers,
trains graduate students, and stimulates the development of accelerators
and facilities.

Experiments at the SuperHILAC use ions from 40pr to 208ph for research
in nuclear reactions and nuclear structure, and in the search for exotic
elements and isotopes. Particular studies have focused on understanding the
nature of energy and angular-momentum transfer in deep inelastic collisions;
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on Coulomb excitation with Xe and Pb beams; and on completing two instruments
designed to search for short-lived super-heavy elements and to identify
spontaneously fissioning isotopes of heavy but unknown masses.

Research at the Bevalac continues to employ beams up to 56pe at energies
up to 2 GeV/amu to study the basic nuclear physics of interactions induced
by relativistic heavy ions. Recent emphasis has been on projectile and target
fragmentation studies with increasing focus on exclusive measurements and
high multiplicity events. The streamer chamber facility will continue as
a device for survey experiments and for the study of complicated events.
Two important new detectors, both of which will come on line in early 1981, .
dre the large-gap, 3 tesla-field Heavy-Ion Superconducting Spectrometer
‘(HISS) and the plastic ball/wall array (a 47 particle-identifying multi-
detector system constructed by the GSI-LBL collaboration). Another new
facility, the Low-~Energy Beam Line, provides high quality beams from 30-
200 MeV/amu. '

Completion of the "uranium beams' project at both accelerators in
FY-81 and early FY-82 will add immeasurably to the research potential at
these national facilities by making available beams of all masses at energies
from several MeV/amu to at least 1 GeV/amu.

88-Inch Cyclotron Research (FY-80 $1.7 M) ' ~ Various

This project covers basic nuclear physics investigations with heavy
ions at the 88-Inch Cyclotron. It supports developments in instrumentation,
- provides support for and collaboration with outside users, trains graduate
students, and stimulates the development of accelerators and facilities.
‘Although the 88-Inch Cyclotron has not been designated as a national facility,
it supports a strong outside user program with about as many hours of outside
use per year as each of the two LBL national facilities.

The 88-inch Cyclotron accelerates beams of ions from protons to 40ca
ions at energies from 55 to 6 MeV per nucleon, respectively. Important
advantages of the 88-Inch Cyclotron are: continuous rather than pulsed
beams and very high energy resolution. Experimental research at the 88-

Inch Cyclotron focuses primarily on (1) investigations of heavy ion reaction
mechanisms, (2) the study of exotic nuclei far from the valley of stability,
(3) the spectroscopy of high spin states of nuclei, (4) studies of collective
motion in heavy-ion induced reactions, and (5) searches for and studies of
unusual transuranium isotopes and elements.

88-Inch Cyclotron Operations (FY-80 $1.1 M) Harvey, Clark

The project operates, maintains, and improves the cyclotron and beam-
transport facilities up to the experimental areas, maintains the building
and shop facilities, and coordinates the.use by 33 LBL scientists, 19
graduate students and approximately 56 scientists from laboratories other
than LBL. The Cyclotron operates 20 eight-hour shifts per week for in-beam
experiments in nuclear physics and nuclear science, isotope production and
beam development.
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Recent major developments include the increase of the main magnet's
field to give an energy constant of K = 160. This will permit acceleration
of light heavy-ions such as 160(7+) to 30 MeV/amu, providing a useful overlap
with the Bevalac's Low-Energy Beam Line. Another development is the installa-
tion of a new ionizer to provide a tenfold increase in the intensity of
polarized proton and deuteron beams.

Bevalac/SuperHILAC Nuclear Physics Operation (FY-80 $11.0 M) Grunder

The SuperHILAC and the Bevalac are operated as National Research
Facilities for studies in nuclear physics, nuclear chemistry, astrophysics
and biomedical applications. Beams of different ions, from lithium to
lead, can be accelerated to 8.5 MeV/amu on alternate SuperHILAC pulses and
delivered to one or two of 13 different target areas plus the transfer line
to the Bevalac. At the Bevalac, beams of ions from hydrogen to iron are
delivered at energies from approximately 50 MeV to 2.1 GeV per nucleon;
eight beams and several general and specialized target areas are used.

Outside users account for about half of the research time at each
accelerator. The Accelerator Research Coordination Office, two users
associations and a group of physicists, engineers and support staff are
~dedicated to assisting users, particularly those from other institutions,
in successfully mounting their research. ‘

Constant attention is given to improving the two accelerators, both in
terms of machine operation and experimental facilities, to enable them to
effectively serve the research interests of the national and international
community of users. '

A major improvement, now in progress, is the High Intensity Uranium
Beams development. When completed in FY-82, the SuperHILAC will produce at
least 1 particle microampere of all masses at up to 8.5 MeV/amu. The Bevalac
will be able to deliver relativistic beams (21 GeV/A) of all mass numbers
including uranium, as well as high-intensity intermediate-energy beams
between 40 and 200 MeV/amu. '

A 12% budget increase (in real terms) will be necessary starting in
FY-82 to support the more complex machine and experimental operations
entailed in delivering exotic beams. This increase will cover an additional
13 FTE and the power to operate the third injector at the SuperHILAC.

Nuclear Theory (KB 03) (FY-80 $0.7 M)

Nuclear Theory Glendenning

This program concentrates on areas of nuclear theory that guide and
interact strongly with LBL experimental research. The current work of the
scientific staff focuses on two main areas: (1) the study of nuclear
collisions from the Coulomb barrier to multi GeV/amu and (2) the study
of hadronic matter, including possible phase transitions under extreme
conditions of temperature and density.
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Work in the first area includes the development of a new macroscopic
theory of the nuclear dynamics of large-scale shape evolutions, which is
expected to have applications in the production of super-heavy nuclei.

In the high energy region, the research includes analysis of T™n~ correla-
tions and pp correlations, the theory of composite fragment production,
and the dynamics of pion and kaon production.

. The second category concerns possible new phases of matter under
abnormal conditions of density or temperature. There is an intermediate
range between normal and extreme conditions where condensed fields of
mesons such as the pion condensate may appear; this is being studied in
a relativistic field theory of nuclear matter. Under extreme conditions,
the internal structure of the baryons is excited; the. implications of
this for production of multi-strange and anti-nuclei are being studied.

BASIC ENERGY SCIENCES (KC) (FY-80 $16.4 M) -

Nuclear Sciences (KC 01) (FY-80 $2.4 M)

Low Energy Nuclear Sciences y Various. =

This activity supports experimental research with light ions, supplying
instrumentation, computer, and detector development for work at LBL and o
other laboratories.

Studies of light nuclei far from stability utilize light-ion beams
and the on-line mass analysis system RAMA. Searches are conducted for .
nuclei near the proton and neutron "drip" lines which may decay by new or
exotic radioactivities. Even with reduced funding, significant research
with the excellent polarized proton and deuteron beams from the 88-Inch
Cyclotron has continued, based substantially on strong LBL- outside user
collaborations. The advent of fission-like phenomena in deep inelastic
collisions .is also investigated.

88-Inch Qjclotron Operétions v : Harvey, Clark

This activity supports the development and acceleration of beams of
protons, deuterons, 3He and “He at the 88-Inch Cyclotron. The 88-Inch
Cyclotron.continues to be the sole DOE supported facility with polarized
proton and deuteron beams in the 20-55 MeV range. ' Faced with a tremendous
increase in electric power costs (from 3.5¢/kWh in early 1980 to 6¢ in June),
additional operating funds are required to maintain the Cyclotron's highly
efficient running schedule.

Isotopes Project Dairiki, Lederer

The Isotopes Project compiles and evaluates nuclear structure and decay
data and develops compilation methodology. The project operates as a member
of the U.S. Nuclear Data Network (NDN); LBL has been assigned principal
responsibility for the authorship of Nuclear Data Sheets covering the mass
regions A = 146-152 and A = 163-194. In addition, the Project has been
asked to produce, on behalf of the NDN, a Radioactivity Handbook for applied
users, to be published at four-year intervals beginning in 1982.
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Actinide Chemistry (FY-80 $0.9 M) Edelstein

Studies are carried out of actinide materials to provide basic knowledge
necessary for their safe use in present and future nuclear technologies.
Preparation and characterization of new gaseous, liquid, and solid phases.
Design of sequestering agents for the actinide ions, in particular plutonium
(1IV), to be used in the treatment of actinide poisoning as well as for possible
applications in the reprocessing of nuclear fuels.

Materials Sciences (KC 02) (FY-80 $5.5 M)

Electron Microscopy ) Various

High-resolution electron microscopy is used to advance the understanding
of phase transformations of importance in alloy design. It is planned to
add 500-kV instrument and support facilities to include atomic resolution
microscopy of close-packed structures used in energy technologies. Recent
LBL research in ceramics, crystal structure determination, and defect analysis
have led to the addition of a new 1.5-MeV electron microscope, scheduled for
operation in late 1980. '

Physical Metallurgy ' : Various

Studies are made of the relationship of microstructure to mechanical,
electrical, and magnetic properties. Ferrous alloys are prepared with
predictable characteristics, unusual compositions and structures. Major
efforts are placed on alloy design, especially in ferrous metallurgy:
low-alloy silicon steels of increased toughness for automotive use, nickel-
free cryogenic steels, tough high-strength low-allow steels for applications
in mining and other fields. Structures of solar absorber coatings are
investigated.

Ceramic Science : v Various

Goals of this program are: identification and control of subtle material’
parameters that influence ceramic properties and behavior; influence of
materials parameters on piezoelectricity, on graphitization kinetics, on
sintering rates, and on fracture strengths; sintering and strength studies;
identification of impurity phases at grain boundaries by ultra-high-resolution
transmission electron microscopy; thermodynamics and kinetics of decomposition
and recombination reactions; catalysis of SO3 and metal sulfate decompositions;
kinetics and mechanisms of reduction of transition-metal-oxide spinels by
gases; martensite transformations as toughening mechanisms for ceramics
with high erosion, wear, thermal shock, and impact damage resistance.

Engineering Materials _ Various

Goals of this program are: understanding of mechanisms of erosion
and combined erosion-corrosion of metals, ceramics, coatings, and scales
on metals in two-phase, solid-gas, and solid-liquid flows representative
of those in coal conversion processes; enhancement of erosion-corrosion-
wear resistance by chemical and morphological modifications of surface layers
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and the deposition of coatings; material design criteria for erosion-corrosion
resistant materials.

Solid-State Physics Various

Goals of this program are: development of new energy-related uses

~ of advanced materials such as superconductors, superconducting devices,
nonlinear optical materials and processes, semiconductors, and far-infrared
detectors; theoretical solid-state studies and far-infrared spectroscopy
of solids directed to surface reaction and catalysis programs of interest
to fossil-fuel conversion. Studies are made of relaxation of hot carriers
in semiconductors; temporal behavior of Raman and Brillouin scattering in
solids, spatial dispersion effects in the vicinity of an exciton-polariton
in semiconductors; picosecond nonlinear spectroscoy of solids; multiphoton
dissociation of molecules for new laser isotope separation processes; and
electron droplets in semiconductors as a novel state of matter.

High-Temperature and Surface Chemistry/Chemical Structure Various

Topics under study are: structure and composition of surfaces on the
atomic scale; kinetics and mechanisms of elementary surface reactions; >
correlation with macroscopic surface phenomena of corrosion, mechanical
failure, passivation, surface reactions, and electrode processes; chemistry
and materials problems in energy production technologies, and radiation-
enhanced high-temperature corrosion; expansion of the scientific foundation
and range of useful applications of electrochemical transformations; elucida-
tion of chemical bonding and phase transformations in solids; prediction of
crystal structure and phase diagrams on the basis of electron orbitals;
physical properties of solids at high temperatures, as well as in high
magnetic fields and at low temperatures; ultrahigh molecular weight organic
polymers and organometallic polymers; block and graft copolymer synthesis
to yield useful polymeric alloys.

Chemical Sciences (KC 03) (FY-80 $5.7 M)

Photochemical and Radiation Sciences ' " Various

Studies are made of: atmospheric photochemistry with primary emphasis
on stratospheric ozone; photon-assisted chemical reactions at the solid-
vapor interface, including photodissociation of water to produce hydrogen
and oxygen, and photon-assisted reactions of carbon dioxide and water to
produce simple hydrocarbons (photosynthesis).

Chemical‘Physicsb - Various

Studies are made of chemical reaction mechanisms, molecular collision
dynamics, and molecular structure. Reactions of ions and molecules in the
gas phase are investigated by the application of lasers and molecular beams.
Results are used for the development of a theoretical chemical foundation
for reactions of interest in combustion and MHD processes. Chemical binding
energies and electronic structure, which determine the properties of materials,
are studied by photoelectron spectroscopy of metals, semiconductors, and
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insulators. This technique has recently been expanded to the investigation
of solid surfaces.

Atomic Physics : Marrus

The validity of relativistic quantum mechanics is being investigated

- by the use of optical and radiofrequency spectroscopy with highly stripped
ions, in a program of precise measurements of physical processes of atoms,
molecules, and ions. Among the applications of this work are use of line
widths for plasma diagnostics in fusion research. A positive parity violation
effect has been discovered in atomic thallium. This effort comprises an
important test of gauge theories of the weak and electromagnetic interactions.

Artificial Photosynthesis Calvin, Otvos

The purpose of this project is development of methods for storage of
solar energy based on the principles of green plant photosynthesis but not
restricted to aqueous media. Among the processes under study are energy
transfer in condensed media, near-infrared-induced chemical reactions,
photosen31t1zed electron-transfer in heterogeneous systems, and photovoltaic
devices using organic dyes'as sensitizers.

Unimolecular Kinetics ‘ Brown

This research is directed toward extending and applying unimolecular
reaction rate theory to important combustlon reactions. (Part of Combustion
program.) '

Chemical Analysis ' Giauque, Clem

Analytic techniques and instruments are developed for measuring fossil
fuel-produced chemical contaminants at ppm and ppb levels. These are applied
to support other energy- and environment-related research projects.

National Resource for Computation in Chemistry (NRCC) Lester

The NRCC was conceived as an organization to serve the needs of both
experimental and theoretical chemists throughout the nation. The breadth
of this unique responsibility has led to the creation of a professional
staff with expertise in most areas of numerical analysis and computer
science, as well as the major areas of computational chemistry including
chemical kinetics, crystallography, macromolecular science, physical
organic chemistry, quantum chemistry, and statistical mechanics. One of
the staff's primary responsibilities is the maintenance and extension of
the recently established chemistry software library which now has a base
of holdings in the major areas. This library is unique in having a
professional staff that serves as consultants in its use.

The technical goals of the NRCC are inherent in its objectives:
progress toward full use of theoretical and computational research in
chemistry,. and wide availability of state-of-the-art software and high-speed
computer facilities. Improvement of codes and application of new computer
hardware to computational chemistry are also primary concerns.
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The establishment of priorities for additions to the software library
and activity in other areas is greatly aided by NRCC workshops. Some work-
shops are directed towards advancing the state of the art in specific areas
of chemistry and defining the possible role of the NRCC to assist such efforts.

Chemical Energy Various

Unusually high oxidation states of elements, intercalated layer
compounds, and compounds with new structures and bonding that cannot be
explained by present theoretical concepts are synthesized and characterized
by modern physical-chemical techniques. This program includes the chemistry
. of sulfur dioxide for SOy removal; the structure and bonding of metal
carbonyls of importance in the catalytic processing of fossil materials;
the determination of trace elements in coal, o0il, water, and biological
specimens; the conversion of coal to liquid products by action of homogeneous
catalysts at temperatures below the coal pyrolysis temperature.

Novel synthetic methods are designed to achieve transition-metal-
catalyzed substitution of nitrogen and sulfur moieties in coal and coal-
derived liquids by alternative structure units (carbon monoxide, ethylene,
methylene, oxygen). The catalytic potential of polymer-supported transition
metal catalysts is being studied as well as homogeneous carbyne clusters
capable of methanation and Fischer-Tropsch synthesis.

Analzsis , . , Brown

New electrochemical techniques are being developed for analysis of
uranium and transplutonium elements in dilute solution by use of staircase
voltammetry and square-wave polarography.

Chemical Engineering Science . : Prausnitz

Experimental and theoretical research has been initiated to determine
the phase behavior of aqueous natural-gas systems found in deep high-pressure
reservoirs in the Gulf of Mexico.

Turbulent Combustion _ Robben

Combustion in a turbulent heated-wall boundary iayer is being studied
experimentally and computationally with the aim of developing and testing
numerical models of turbulent combustion. (Part of Combustion.program.)

Bioconversion of Cellulose and Production of Ethanol Wilke, Blanch

Fundamental studies are conducted on the mechanics and kinetics of.
cellulose hydrolysis by cellulase enzymes and acids.



15 : LBL

Engineering, Mathematical and Geosciences (KC 04) (FY-80 $2.2 M)

Ignition Studies o » Oppenheim

Studies are being made of the fundamentals of ignition of gaseous fuel- )
air mixtures using jets of radicals, with an emphasis on both thermochemistry
and fluid mechanics. (Part of Combustion program.)

Applied Mathematical Sciences o Quong

This program focuses on three areas for advancing the state of the
art in mathematics and computer science. (1) Analytical and numerical
methods for the solution of specialized classes of partial differential
equations are being developed for the construction of realistic models
suitable for comparison with experiments and capable of being used for
engineering design. (2) Research in information analysis techniques include
modeling of large, complex, data sets, design of query languages, development
of user interfaces and integration of rapidly changing mass storage and dis-
play technology with the objective of developing innovative approaches to the
storage, retrieval, analysis and display of large data sets. (3) Software
engineering research addresses issues of improved design . and production of
software to enhance access to and productivity of computational resources.

Geosciences : Tt Various

Theoretical, laboratory and field investigations are conducted in funda-
mental geological processes that relate to energy technologies. Individual
activities address .basic scientific questions in geochemical, mineralogical,
geophysical, hydrological and rock mechanics areas. Results have application
in the DOE program areas of geothermal energy development, isolation of
nuclear waste, recovery of fossil fuels and storage of thermal energy in
underground systems., Data are compiled and evaluated on aqueous electrolytes
for applications in geothermal energy development and nuclear waste isolation.

Biological Energy Conversion and Conservation (KC 06) (FY-80 $0.7 M)

Photochemical Conversion of Solar Energy : Packer

This program seeks to identify the molecular and electrical aspects of
light energy conversion by bacteriorhodospin, the simplest and most stable
biological energy converter presently known, in order to make use of its
photovoltaic effect.

Photosynthetic Energy Conversion Sauer

Study is made of the organization of the molecular constituents of
photosynthetlc membranes, kinetics and mechanisms of photosynthetic light
reactlons, the role of manganese in photochemical oxidation of water leading
to oxygen evolution.
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Plant Biochemistry . T Bassham
__This project studies: photosynthetic carbon dioxide fixation and
reduction; subsequent biosynthesis in green plants; regulation of plant
metabolic pathways; formation of alkaloids, plgments, lipids, terpencids and
steroids; and conversion of sugars to hydrogen in photosynthetic bacteria.

Photosynthesis, Resonance Studies’ - : Bearden

This is an experimental investigation of the mechanisms of light excita-
tion and energy transfer, photochemical energy transfer and storage, and
subsequent electron-transfer and chemical-free energy productlon in both
green-plant and bacter1a1 photosynthesis.

TECHNICAL ASSESSMENT,PROJECTS (kD) (FY-80 $0.2 M)

Solar Powered Satellite (KD 03)

ﬂ'éblefiPowered Satellite Health and Safety Effects, ' White«
- N6n4Micrdwave ’

Research is carried out on health hazards to workers in an orb1t1ng
solar power station, from sources other than microwaves; identification and
assessment of the hazards; selection and management of research at LBL and
elsewhere.‘ e

EDUCATION, BUSINESS AND LABOR AFFAIRS (LB) (FY $0.3 M)

" Information Studies ‘ ' :wekerling"

Two projects carry out information research in support of Laboratory
and DOE scientific programs. The Information Research Group studies improved
methods for use of bibliographic databases. The Information Methodology
Research Project studies improved methods for design and operation of both
bibliographic and numeric/fact databases. -

Laboratory Coop Program Asaro

Top U.S. university undergraduate students (during the summer),
faculty from colleges and universities with large minority enrollments
(during the summer), and local undergraduate students (during the academic
year) participate in research projects and attend lectures at LBL relevant
to the DOE mission. These programs encourage students to make their careers’
in the energy field. (Also funded under HA 01.)
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Director, Office of Energy Research

NEW" WORK

MAGNETIC FUSION (AT)

Finite Larmor Radii Theory Sessler

This work is designed to investigate plasma suitability problems in
situations where finite Larmor radii effects are important, such as in
reversed field configurations in compact tori. Close collaboration with
Livermore theory and experiment groups will permit prompt application of
new techniques.

Beam Turbulence Electron Heating Kunkel

Beam plasma’ electron heating, which uses beam instabilities for in
situ generation of plasma waves, has been demonstrated as a potentially
efficient alternative to microwave heating in magnetic fusion devices.

In this program, off-axis beam injection will be developed that can be
applied to any fusion concept in which an effective magnetic mirror would
benefit from electron heating.

HIGH ENERGY PHYSICS (KA)

Time Projection Chamber Operating Improvements

Operation of the complete detector will allow the highest possible
reconstruction efficiency of any operational detector. OCD mechanisms,
decay chains and the search for subtle and unexpected phenomena will be
emphasized. After an initial period of operation at PEP, significant.
improvements of the detector are planned.

Mark II Magnetic Detector Operating Improvements

The Mark II is a veteran general purpose detector with the capability
"of producing early results on particle production surveys. Some improvements
to the detector are anticipated.

Particle Detectors

The physics of vector bosons and quarks should be accessible to a number
of new accelerators under comstruction or presently in the proposal stage.
All of these machines will require very large detectors, capable of measuring
jet-like final states with very high multiplicities. LBL's previous experi-
ence with large scale detectors, especially at colliding-beam machines, will
provide an excellent basis for designing the detectors needed during the next
decade. The simplicity of e*e™ annihilation physics and LBL's history of
previous research in this field lead us to be most enthusiastic about
this option. At the same time, we are actively working on the design for
detectors appropriate to very high energy hadron machines.
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SLAC Linear Collider

Construction of a Single Pass Collider at SLAC would present very
attractive research possibilities. It would permit the study not only of
many of the properties of the Z°, but would in addition produce copiously
all the quarks, presumably through the t-quark, heavy leptons, and possibly
some new surprises. Either the TPC or Mark II might be appropriate for direct
transfer to the SPC. Alternatively, a new detector might be constructed,
using the basic features of one of these two PEP detectors.

Muon Reactions

Fermilab plans to build a new high intensity muon beam at the Tevatron.
A proposal has been submitted to move the multimuon spectrometer to this
new beam. Some of the physics objectives of a new muon experiment are a
determination of the Z%-quark and Z© lepton structure functions, and a study
of multi-muon final states to determine their production mechanisms, i.e.,
through heavy mesons or through the hypothetical gluons. '

Experiments Using Polarized Proton and Anti-proton Beams

Lambda and anti-lambda production at Fermilab energies is so abundant
that enriched antiproton, polarized proton, and polarized antiproton beams
with reasonable intensity can be constructed for the use of counter physics.
Such a facility will be constructed to study the substructure of hadrons
through spin effects at high energy. Total cross—section differences and
high xp low-pr inclusive pion production will be measured by using a
polarized beam and a polarized target.

pp Interactions at BNL

A program is planned to search for charmed mesons such as the 7N, and
Ne in Pp reactions is planned.

Radioisotope Detection with Accelerators

A new technique has been developed for measuring very low concentrations
of radioisotopes by using an accelerator as a high energy mass spectrometer.
This new method is more sensitive by orders of magnitude than the conventional
decay counting technique. However, it is not yet a working tool. Accuracy,
reliability, and reproducibility must be tested and studied before large
efforts at sample collection and analysis can be made.

.These studies will emphasize making the technique a useful tool for
those isotopes of particular applicability to Department of Energy problems.
The program will emphasize l4c detection, which has application to the
analysis of atmospheric samples in the study of the origin of carbonaceous
gollutants and climate impacts. The development of a technique to measure

6C1 will be completed and exploratory work toward the measurement of 81gr
“will be pursued. Measurement of these isotopes is extremely important for
dating old ground water at potential nuclear storage sites.
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NUCLEAR PHYSICS (XB)

Materials and Weldment for High Field
Superconducting Magnets Morris

The purpose of this work is the design and laboratory development of
improved structural materials for use in structural supports of high field
superconducting magnets. New alloys having suitable strength and toughness
in welded structures in high magnetic fields at 4.2 K are needed to satisfy
the needs of future generations of high field superconducting magnets. .
The research also addresses the problem of improving the cryogenic properties
and weldability of high strength austenitic steels since these non-magnetic
alloys are preferred in current magnet designs and since operational con-
straints will require the use of high strength non-magnetic alloys in at
least certain structural applications within future magnets. The technical
approach builds on initial success obtained in this and other laboratories
in the use of composition and heat treatment modification to dramatically
improve the properties of structural alloys and weldments at 4.2 K. The
research tools include microstructural characterization, mechanical testing,
failure analysis, metallurgical analysis, and chemical and microstructural
modification.

Heavy Ion Nuclear Physics

SuperHILAC and Bevalac Research; 88-Inch .
Cyclotron Research Various

High—-energy uranium beams, available only at LBL, will open up a new
area of heavy-ion research with the study of nuclear systems of high charge
and mass under conditions of extremely high density and temperature. At
the SuperHILAC, fusion-type reactions will continue to be pursued in the
search for the elusive superheavy elements. At the Bevalac, fragmentation
of high-energy high-mass projectiles is expected to lead to copious production
of very neutron rich nuclei. Knowledge of particle-creation effects in the
nucleus, needed to verify predictions of the nuclear equation of state under
conditions of extreme nuclear densities (such as those present near the
centers of stars), will be sought in new experiments on kaon, lambda, anti-
proton, and lepton pair production at the Bevalac.

Most of the experiments to be performed with the upgraded accelerators
will be of substantially increased technical complexity. Major new research
equipment such as HISS and the plastic ball detector require additional
support for their effective utilization. Increased manpower will have to
be devoted to detector development, computer interfacing of experiments,

a new modular approach to Interactive data analysis, and support of the
increased flow of outside users. This program requires an increase of

6 FTE's and $545 K operating support in FY-82, including increased computer
support.

A project essential to the research programs at the SuperHILAC and
the 88-Inch Cyclotron is the construction of a high-resolution 4 wy-ray
detection system referred to as the "Crystal Ball." This need arises from
the considerable interest in studying the properties of nuclei excited to
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states of extremely high angular momentum (60-70h). An alternative detection
medium to the multiple Nal counters previously proposed involves the use of
liquid xenon. Based on demonstrated performance of liquid xenon detectors,
it would appear that they have unique advantages over Nal--notably improved
resolution with maintained high photopeak efficiency. Because no large

scale liquid xenon system has ever been studied, R&D efforts to investigate
technical problems are underway. This exciting prospect is being followed
with great interest by the nuclear research community. Currently the final
design plan calls for a major item of equipment expenditure of $750 K

(FY-80 $, MIE estimate) in FY-81 and -82.

Electron Beam Ion Source (EBIS) Kunkel

The most significant improvement program for the 88-Inch Cyclotron
consists of the development, construction, and implementation of an advanced
high-charge-state ion source. An Electron Beam Ion Source (EBIS) of the
type currently operating at Saclay (France) will significantly extend the
performance of the 88-Inch Cyclotron for medium mass ions in the 10-30 MeV/amu
range at a relatively low cost. A small EBIS test stand is being built as
the developmental facility for detailed design of the final device. A formal
proposal for a major item of equipment expenditure of $1.5 M (FY-80 $, MIE
estimate) in FY-81, -82 and -83 will be submitted in September 1980.

Superconducting Conversion of Bevatron EPB Magnets Grunder

Stimulated by the recent dramatic increases in electric power costs,
investigation of the Bevatron experimental beam line magnets has shown that
3/4 of the energy currently consumed in the experimental hall could be saved
by replacing most of the magnets (26 dipoles and 42 quadrupoles) with super-
conducting magnets. At the projected rate of consumption of 2.5 x 104 Mwh
per year (10 months operation) and the present electricity cost of 6¢ per
kWh, this conversion project represents a potential savings of $1.2 M per
year. The preliminary cost estimate of $7.6 M, indicates a payback period
of six years, but this payback period will decrease with further expected
rate increases. Efforts to refine the magnet designs for the most cost-
effective solutions continue. '

BASIC ENERGY SCIENCES (KC)

Fixed Actinide Removal Agents Raymond

A new research project is proposed that involves the incorporation
of actinide-specific sequestering agents on polymeric materials. The object
is the production of a resin or other material that could be used to remove
actinide ions at extremely low concentrations in ‘the presence of much higher
concentrations of many other metal ions. Chelating agents similar to sidero-
phores are being prepared, in a biomimetric approach, for the sequestration
of actinide(IV) ions. (Siderophores are extremeley specific chelating agents
for Fe(III) that have been evolved by microbes. The development of such
agents could be of extreme importance in the treatment of existing nuclear
wastes, particularly those in which the actinide elements are present in
very low concentrations.
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Local Atomic Configurations in Solid Solutions de Fontaine

The general aim of this task is to study local atomic configuration
in solids, both theoretically and experimentally. The theoretical aspect
consists in using newly developed statistical-mechanical methods (e.g.,
cluster variation method) to describe and calculate states of short and
long-range order, clustering and phase equilibria for defects in solids
such as solute atoms, vacancies, and magnetic dipoles. The experimental
technique will include high-voltage and high-resolution electron microscopy
and x~ray diffraction.,

Refractories Project: Chemical-Mechanical Stability Various

High temperature chemical-mechanical interactions are studied in the
aluminum oxide-calcium-oxide system. Alumina ceramics containing measured
amounts of calcia are prepared, and their behavior is studied upon exposure
to high temperature Hy0/Hy gas mixtures and to simulated liquid coal slags.
Of importance will be the chemical response of the bonding of intergranular
phases, the kinetics of the formation of reaction layers, and the mechanical
response at high temperature. Microcharacterization techniques are used in
conjunction with creep deformation, creep fracture, and low-stress creep
testing of two-phase refractories with low and high porosity. A facility
is being constructed for the mechanical environmental testing of refractory
materials up to 1700°C in a corrosive gaseous environment at pressures up
to 1 atmosphere.

Time-Resolved Spectroscopies in Solids Yu

The purpose of this program is to develop an optical system capable
of measuring the absorptivity, reflectivity, photoluminescence, Raman and
Brillouin spectra of a sample as a function of time with the precision of
a few picoseconds. This system will be utilized to study the following
problems: (1) Relaxation of hot carriers in semiconductors via carrier-
carrier interaction and carrier-phonon interaction; (2) temporal behavior
of Raman and Brillouin scattering in solids as the excitation frequency is
varied from the non-resonant regime to the resonant regime; (3) transient
optical response in solids exhibiting spatial dispersion effects (such as
in the vicinity of an exciton-polariton in semiconductors); (4) Transient
photoconductivity in semiconductors with deep traps; (5) Transient non-
equilibrium superconductivity in superconductors with fast recombination
times, such as alloys of Nb, Pb, and Pb.

Picosecond Chemistry Clark

The vast majority of chemical reactions take place in solution. The
goal of this research is to study directly the dynamics of such reactions
at the molecular level. The systematic study of the mechanism and kinetics
of proton-transfer and electron-transfer reactions will result in a new and
detailed understanding of reaction dynamics in solution. Because chemical
reaction is a collisional process, and since effective collision rates in
liquids are exceedingly high, reaction dynamics in solution are often simply
too rapid for direct study with conventional experimental techniques. Thus
this research is centered around the use and development of picosecond laser
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spectroscopic techniques for the direct study of ultrafast reactions. The
results of this research--the ability to understand, model, and predict
chemical reactions in solution--will be of broad practical importance to
many areas of energy technology. Among these are coal liquefaction, battery
and fuel-cell technology, biomass conversion, nuclear fuel reprocessing

and photochemical fixation of solar energy. :

Minicomputer Code Development Lester

A new direction stimulated by recent advances in hardware and the
interest of the national chemical community is the development of portable
software for minicomputers. We have identified selected high-activity areas
where conversion of large mainframe codes to run on minicomputers should have
considerable impact, and we have begun the necessary software modifications.
These include trajectory codes for chemical kinetics, Monte-Carlo and molecular
dynamics programs for statistical mechanics, and self-consistent-field and
limited configuration~interaction programs for quantum chemistry. To aid
the research and software development activities; the NRCC has acquired
a DEC VAX-11/780 minicomputer and an Evans and Sutherland interactive vector
refresh graphics system. Also in progress are investigations of the capabil-
ities of array processors and the promise of such machines for computation
in all areas of chemical research.

Combustion Research : Lester

Based on recent analysis of NRCC capabilities and a review of problems
of importance to DOE, the NRCC has recently begun the study of the electronic
structure and chemical kinetics of selected combustion systems. Such applica-
tions provide a plethora of physical systems of basic scientific interest
that can serve to identify the need for extension of software capability.

Other activities include the improvement of key subroutines of wide
utility as exemplified by our recent modification of a commonly used matrix
diagonalization that achieves improved execution times without loss of
accuracy. In addition, computational studies are in progress in such timely
research areas as the structure of presumed intermediates in catalysis,
quantum statistical mechanics, structure determination of intermediates
in chemical reactions, and calculation of infrared intensities of organic
molecules.

New Salts of TCNQ Lemmon

This project will explore the electrochemistry of conducting salts
prepared by combining the radical ion of TCNQ with the protonic-conducting
cation of choline. Combination of TCNQ, salts of which are employed as
organic semiconductors, with the high temperature conducting form of choline,
could provide new basic information about both semiconductivity and super-
conductivity.
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Applied Mathematical Science: Human-Computer Interaction

A new project is proposed in the area of human-computer interaction.
A research collaboration of personnel at LBL, UC Berkeley and industrial
research organizations is anticipated under joint support by DOE and the
U.S. Navy Office of Naval Research. The general goal is to enhance the
information processing and decision-making capabilities of researchers,
planners and analysts through a better understanding of human-computer
interactions. The research is interdisciplinary, emphasizing synthesis of
behavioral and computer science, with the goal of influencing the development
of hardware and software.

Polymer Electrochemistry and Photophysics Schroeder

The electrochemistry and photophysics of electroactive polymer films is
being studied in order to understand and be able to control the electronic
and photophysical properties of condensed, amorphous organic materials.

The emphasis of this work is to develop new materials for modifying metal
and semiconductor surface properties to produce systems with optical and
semiconductive properties suitable for solar photovoltaic applications.
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A/S Environment

CURRENT EFFORT

ENVIRONMENTAL RESEARCH AND DEVELOPMENT (HA) (FY-80 $6.9 M)

Overview and Assessment (HA 01) (FY-80 $1.6 M)

Technology Assessments Siri

In this program integrated analyses and special studies are performed
fn energy technologies to assess their economic, environmental, health,
social, and institutional impacts. These multidisciplinary studies, employing
advanced analytical methods, focus on technologies currently under research,
development, and/or demonstration, and are conducted either independently
by LBL or jointly with other national laboratories. Findings enable DOE
RD&D programs to anticipate and mitigate potential adverse impacts.

Environmental Impact Analysis Siri

The primary functions of this program are to develop new analytical
tools and data systems and to apply them to generic environmental and economic
problems associated with energy supply and use. Secondary functions include
holding technical workshops and producing special issue papers.

Regional Analysis Siri

Under this program integrated assessments are performed of the regional
impacts of National Energy Plans, policies, and energy-related special issues.
Through the use of advanced analytical techniques, multidisciplinary studies
quantify or otherwise evaluate the environmental, economic, health, safety,
and social impacts, and identify potential constraints on policy implementation
that need to be mitigated.

Alternatives for Small Communities Berman

_ The purpose of this research is to examine the potential for using
nonconventional technologies in small, rural communities and as mitigation
strategies in rapidly growing, energy~impacted "boom" towns that are
experiencing a surge in demand for municipal services.

Environmental Effects - Coal/Water Fox

The purpose of this program is to investigate the environmental effects
of and controls for aqueous wastes produced during slurry transport of coal
and by the beneficiation of coal.
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Condensate Water Treatment King

Physicochemical processing schemes are being developed for roughing
treatment of process condensate waters from coal conversion, so as to make
them suitable for recycle as make-up water for cooling-towers. These schemes
are based primarily upon innovative uses and combinations of solvent extraction
and stripping.

Control Technology of In-Situ 0Oil-Shale Retorting Fox

The purpose of this program is to develop control technology for air,
water, and solid-waste problems associated with in-situ oil-shale retorting.
Wastewater treatment using spent shale is being investigated, methods to
safely abandon in-situ retorts are being identified and studied in laboratory
and field studies (see AC 20), and mercury emissions from in-situ retorts
are being characterized and methods identified to control them.

Coal Particulates Robben/Greif

The primary aim of this work is to determine the possibilities for
control of the formation of submicron particulates by variations in the
combustion and heat-transfer parameters of pulverized coal combustors,
(Part of Combustion program.)

Biomedical and Environmental Research (HA 02) (FY-80 $5.3 M)

Pollutant Effects on the Immune System Goodman

This is a study of the physiology and the pollutant-induced pathology
of (continually renewing) lymphatic tissue and bone marrow cell populations,
which are especially vulnerable to injury.

Pollution Effects on Endocrine System Garcia

This is a study of the effects on the endocrine system of gaseous and
solid pollutants associated with non-nuclear energy.

Pollution Effects on the Reproductive System ' : Connell

This is a study of possible effects of non-nuclear pollutants on steroid
hormone processes, threshold concentrations at which damage can be determined,
and methods for avoiding further damage.

Metabolism in Brain Disorders Sargent

This is an investigation of brain metabolism with regard to schizo-
phrenia, manic depression, multiple sclerosis, convulsions, senility, and
cerebrovascular disease using radioactive tracers. The role of ozone in
these disorders will be investigated.
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Magnetic Field Effects on Humans Budinger

This is an epidemiological study of effects on humans from magnetic
fields such as those produced by thermonuclear reactors and high-voltage
transmission lines.

Magnetic Field Effects, Biological - Tenforde

This is a study of effects of high magnetic fields biological systems
at the molecular, cellular, and whole animal levels.

Plutonium Removal from Human Body Durbin

This is a study of sequestering agents for removing hazardous actinide
ions, such as byproducts of nuclear fuel cycles, from the human body. Tetra-
catechoyl cyclam designs are being tested.

Heavy-Ion Caused Lesions in Genes Freeling

Study is being made of the mutagenic effects of heavy ions on poilen
grains from maize and of the relationship of these effects to human health
and disease. .. . - :

Lighthamage,to Mammalian Cells : Burki

This is a study of the response of cells to sunlight and fluorescent
light, to determine effects on cellular DNA and incidence of cancer.

.Scanning Electron Microscopy Hayes

_This program develops methods for measuring directly the variation -
in major element concentrations among individual respirable-size fly-ash
particles. .

Heavy-Particle Effect on Cells Chatterjee

This is a study of effects of heavy particles on living cells, including
energy deposition by penetrating charged particles, correlation of energy
deposition with biochemical changes, and evaluation of biological effects.

Effect of Heavy-Ion Effect on Cells Tobias

The purpose of this program is to quantitate the response of cultured
mammalian cells to accelerated heavy ions, and to understand the molecular
processes that lead to lethality, cell transformation, and mutation.

LET Radiation, Long-Term Effects Alpen

This is an assessment of acute and chronic effects, especially carcino-
genic and impaired organ function, of high-ionizing radiation levels.
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Effect of BaP on Humans _ ' Hackett

This is a study of the metabolism of benzo(a)pyrene (a proven carcino-
genic precursor) in epithelial cells, the type of cell in which 90% of all
human cancers originate.

Microdosimetry of Particulates Hayes

This project Investigates the relative toxicity of fly-a;h particles
of varying matrix composition, and the lung microdosimetry of uniquely toxic
particles.

Tritium Damage in Eucaryotic Cells Burki

This is a study of the basic mechanisms that lead to chromosome damage
and mutation, and inactivation of the proliferation ability in mammalian
cells,

Populations at Risk to Environmental Pollution (PAREP) Quong

Relationships between disease and environmental quality are under
investigation by use of an integrated database containing environmental
quality, human health and socio-economic data at the county level for the
United States. The project encompasses development and evaluation of
analytical methods as well as specific investigations.

Mﬁtagenesis and Carcinogenesis - Cellular Bartholomew

This project investigates mechanisms of susceptibility of human and
animal cells to coal-derived chemical carcinogens by examining damage to
DNA and effects of this damage on cell reproduction and cancer induction.

Mutagenesis and Carcinogenesis - Chemical Hearst

This is an investigation of reactions of polycyclic aromatic carcinogens
from fossil fuels with DNA. The goal is to establish mechanisms of reactions,
structures, conformations of products, and consequences of chemically modified
DNA following repair and replication. '

Mechanism of Tumor Promotion Bissell

This project studies mechanisms whereby phorbol esters, a natural
constituent of many Euphorbia species being considered as renewable sources
of hydrocarbon from biomass, promote viral or chemical carcinogenesis following
exposure of cells to chemical carcinogens. Determination is made of chemical
features required for promotion by chemical synthesis and by isolation from
plants of compounds, which are then tested with animal cells in culture.
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Combustion Diagnostics : Brown

This project is developing measurement techniques for nitrogen and
sulfur compound quantification in combustion systems utilizing fossil and
other fuels. (Part of Combustion program.)

Organic Pollution in the Atmosphere ' Novakov

This project focuses on speciation and origin of carbonaceous particles
in the atmosphere. This information is utilized to elucidate the principal
factors, responsible for the formation of secondary organic material under
nonphotochemical atmospheric conditions.

Gas Detection - -Amer’

This project conducts research on laser photoacoustic spectroscopy of
gases, liquids, solids, and aerosols with the objective of developing ultra-
sensitive multiparameter molecular and elemental photoacoustic detectors.
Also under investigation are photothermal spectroscopy, which was developed
at LBL, for remote sensing of gaseous pollutants, and 11qu1d—crysta1 gas
detectors. : ;

Instrumentation Survey S Quinby-Hunt

'The Survey of Instrumentation for Environmental Monitoring consists
of four volumes (Air, Water, Radiation and Biomedical Monitoring), a survey
describing instrumentation and instrumental techniques, as well as informa-
tion on sources, characteristics, and effects of various pollutants and
an overview of regulatory control. :

Aerosol Chemistry : : : Novakov

_The objective of this project is to understand and differentiate the
respective roles of homogeneous (gas-phase) and heterogeneous (gas-liquid-
particle) reactions in the formation of aerosols caused by fossil-fuel
combustion.

Indoor Air Pollution ' ' ; Hollowell

The goal of this project is to assess impacts on human health of indoor
pollution sources, especially combustion-generated pollution, and to inves-
tigate various methods for mitigating these impacts.

Atomic and Molecular Detection ' Hadeishi

This project is developing very sensitive optical absofption methods
for detection of atoms and molecules in a wide variety of gaseous samples.

Micfowave'Spectroscopy for Monitoring
Gaseous Pollutants . Leskovar

Methods based on microwave rotational spectroscopy are being developed
for highly specific detection of gaseous pollutants in air.
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Semiconductor Radiation Detectors and Materials Haller

This work involves development of semiconductor detectors and basic
studies of materials for these detectors.

Physical Measurement of Pollutants Jaklevic

The purpose of this work is development of optical absorption methods
for detection of atoms and molecules in a wide variety of gaseous samples.

Magnetic Field Dosimetry Goulding

This project is developing small portable magnetic field dosimeter
and readout station for use by workers exposed to intense magnetic fields.

Determination of Atmospheric C07-07/Nj
Molecular Ratio Bloom/Muller

Predictions of the future rise of atmospheric COj concentration arising
from fossil-fuel combustion are impaired by the fact that the present COjp
budget does not seem to be in balance. Precise measurements of changes
in the global atmospheric 09/Ny ratio over a few years could help to solve
the "mlss1ng COZ problem. The technique to be used is Raman scattering
from ! 02 and 1 Ny molecules, whereby 0y, Ny, and CO; can be determined
simultaneously in the same sample.

LIFE SCIENCES RESEARCH AND BIOMEDICAL APPLICATIONS (HB) (FY-80 $6.1 M)

General Life Sciences (HB 01) (FY-80 $1.3 M)

This program includes biophysical, chemical and biological investigations
of energy and information transfer and regulation of cellular processes.
Investigations are made of physical and chemical properties of membranes,
nucleic acids and nerves, regulation of cellular metabolism, differentiation,
and growth, brain biochemistry, and effects of chemical pollutants on cells.

Cellular - Molecular Biology of Cancer

This project investigates mechanisms of cell interactions with other
cells and with the environment to determine controlling factors in cell
regulation for metabolism, growth, division, differentiation, and other
functions. It also examines changes in control accompanying transformation
to malignant cells in culture.

Molecular Biology of Nerve Function Bennett

Studies are made of fundamental biochemical properties of nerve cell
function, including characterization of acetylcholine receptors involved
in nerve signal transmission, examination of steps involved in memory forma-
tion, and a search for biochemical differences resulting from environmental
stimulation.
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Biophysical Chemistry ' ‘ Klein.

Studies are made of fundamental properties of membranes, cells, nucleic
acids, proteins and nerves, with use of biophysical techniques including
magnetic resonance, optical and x-ray spectroscopy, theoretical modeling,
and chemical synthesis. Storage and utilization of energy and information
by biological systems are principal concerns of this project.

Effects of Pollutants on Membranes Packer

This program seeks to identify mechanisms of environmental pollutant-
mediated free-radical damage to the membranes of mammalian cells, by
developing sensitive biophysical, biochemical and physiological assays
to characterize the initiation and propagation of such damage.

Structure Analysis, Electron Diffraction ' Glaeser

. This is a development of methods of electron diffraction and high-
resolution electron microscopy for investigations of complex biological
structures at the molecular and atomic level,

- Genetic Study of Yeast ’ Mortimer

This program investigates advanced yeast genetics and molecular biology
as a test system for evaluation of the mutagenic and carcinogenic potential
of toxic agents. : '

~Biomedical Applications (HB 02) (FY-80 $4.8 M)

Clinical Outpatient Facility Ebbe

This is the central facility for much of the medical research in- the
Donner Laboratory. Long-term follow-up is made of patients exposed to, or
treated with, ionizing radiation. Techniques for analysis of the hemato
-poietic system of human beings are under development. : :

Radiopharmaceutical Development Yano

Radionuclides and radiopharmaceuticals are developed for scintigraphic
and dynamic quantitative studies at Donner Laboratory.

Pollution Effects on Hematopoietic Stem Cells Schooley

This investigation aims to determine the direct effects of heavy metals
and oxidizing gases on the hematopoietic stem cells and various intermediate
precursors.

Diagnostic Techniques with Radionuclides Budinger

This is a non-invasive investigation of human biochemistry using methods
involving three~dimensional reconstruction of the organ distribution of
injected or inhaled material at various times after administration.
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Biomedical Imaging Instrumentation ' Anger

Instruments are developed that utilize radioisotopes for diagnostic
purposes and for fundamental medical research. The imaging detects the.
distribution of gamma-ray and positron-emitting isotopes in animals and .
humans. ‘

Positron 3D-Imaging Instrument Derenzo

This project involves development of new gamma-ray detection devices
and techniques having sufficient speed and sensitivity to provide improved
statistical accuracy and spatial resolution for three dimensional imaging
of radionuclide distributions in the human body.

Bevalac Biomedical Operations Ainsworth

The Bevalac is a unique ion accelerator facility which provides
(1) beams of heavy charged particles for radiation therapy and radiographic
examination of cancer patients, (2) biomedical and dosimetric experiments
obtaining critical data for the radiotherapy/radiography programs, (3) bio-
medical studies that focus on induction of cancer, mutations or other
deleterious (late) effects of heavy charged particles, and (4) fundamental
physical investigations on modes of interaction between. charged particles
and matter.

Tracer Studies with Radioactive Beams Chatter jee

The aim of this project is demonstration of the feasibility of using
high-energy radioactive beam particles for diagnostic procedures with phantoms
used for practical demonstration.

Growth and Differentiation of Lung Schooley

A study of the immune response mounted by pollutant-exposed animals
against their own lung proteiﬁs, and the characterization of lung and serum
proteins in growing and mature animals.
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A/S Environment

NEW WORK

ENVIRONMENTAL RESEARCH AND DEVELOPMENT (HA)
Fog Chamber . Novakov

The goal of this project is to develop a laboratory fog chamber to
investigate gas-liquid water-particle reactions in order to establish their
relative importance. . When NH3, SO9, NOy, 03 and hydrocarbons are introduced
into the chamber with fog droplets, the secondary particulate matter will be
monitored by a variety of particle-sizing instruments and chromatographs.

Mutagens from Fossil Fuels Risebrough

A program of integrated environmental sampling will be undertaken in
the vicinity of the fossil-fueled electricity-generating facility at Moss
Landing, California to determine whether the combustion of fuel oil produces
an elevated level of mutagens and potential carcinogens in the local envi-
ronment. Environmental components to be sampled include atmospheric fallout,
air, local fresh and marine waters, the mussel, Mytilus, the clam, Macoma
sp., and inshore sediments. The presence and levels of mutagens and potential
carcinogens will be determined during the first year of the study by the
Ames mutagenicity test, and characterization of organic compounds will be
accomplished by high resolution FID and EC gas chromatography. Atmospheric
fallout samples will also be examined for heavy metals and trace elements.

Indoor Air Quality Monitors Hollowell

This project will design air quality monitors to measure indoor levels
of CO, HCHO, and NO which are recognized as major indoor pollutants. Such
passive monitors will be capable of measuring 24-hour to weekly integrated
pollutant concentrations on site, requiring minimal attendance. The data
obtained will aid in assessing the impact that national energy conservation
programs might have on the health and comfort of building occupants.

Radon Characterization Hollowell

The purpose of this study is to characterize the sources and concentra-
tions of indoor radon and its radioactive decay daughters. It will determine
the range and frequency of the daughter concentrations to which humans are
exposed indoors; assess the impact on these concentrations of programs that
would reduce energy requirements in buildings; and, analyze the effects of
strategies to control daughter exposures. Energy-conservation measures,
particularly reduced ventilation, may increase indoor concentrations of
radon and its daughters, thus increasing the radiation to which occupants
are exposed.
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Aerosol Physics . Novakov

Carbon particles represent the single most important contributor to
the submicron aerosol mass. A major fraction of these particles is due
to soot emissions which have a very large optical absorption coefficient.
This program will assess the role of these large optical absorption coeffi-
cients in visibility degradation and climate modification. Furthermore,
preliminary measurements indicate that soot particles can also be effective
scatterers of light, and therefore the contribution of these particles to
the scattering coefficient of the urban haze will also be evaluated.

LIFE SCIENCES AND BIOMEDICAIL APPLICATIONS (HB)

Effects of Heavy Particle Irradiation Fabrikant

A major program reorientation is underway, as the studies of pituitary
ablation are now completed. The new program is focused toward the short-
and long-term effects of focal irradiation with heavy ions of centers in
the central nervous system, using stable and radioactive carbon and neon
beams. The program is directed toward an understanding of biological effects
of heavy-ion irradiation on the central nervous system relating to dose,
dose-rate, volume, temporal patterns of pathophysiological change, extent
of CNS damage, patterns of recovery, and application of this information
for diagnosis and management of human central nervous system disease.

280-Element Ring Camera Budinger

The ring camera is used for computer reconstruction of the distribution of
positron emitting isotopes in a transverse section of the body. It represents
a quantum jump forward in the use of radioactive isotopes in nuclear medicine,
since for the first time the distribution of isotopes can be examined in
three dimensions in the body rather than in a plane projection.

The camera presently in use determines the isotope distribution in one
planar section through the body with a thickness of one or two centimeters.
To examine the distribution in adjoining planar sections it is necessary
to move the subject and reinject isotope. The proposed new multiring device
will permit the examination of isotope distributions in several adjoining
sections with a single isotope injection. The new camera will enable aquisi-
tion of significant new data to be obtained without increasing the dose
to the patient.

3y Labeling for Biomedical Research Lemmon

With use of the present facilities for tritium labeling of organic
compounds a study would be made of mechanisms for maximizing both specific
activity and radiopurity of products through systematic investigation of
several methods of tritiation.
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Structural Biophysics Kim

It is proposed to apply x-ray crystallographic techniques to establish
three-dimensional details of nucleic acid interactions with environmental
factors, both proteins that regulate gene expression, and environmental
chemicals such as carcinogens, mutagens and drugs.
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A/S Conservation and Solar Energy

CURRENT EFFORT

ENERGY STORAGE SYSTEMS (AL) (FY-80 $2.7 M)

Battery Storage (AL 05)

Applied Battery and Electrochemical Research Cairns

LBL is managing the Applied Battery and Electrochemical Research Program.
Its objective is to help provide batteries and electrochemical systems that
can satisfy performance, schedule and economic requirements of DOE's missions
on electric vehicles, electric utility load leveling, solar electricity,
and electrolytic technology. To meet this objective, LBL contracts with
program participants to conduct applied research on new electrochemical
couples, innovative electrode designs, and engineering and materials problems
of candidate battery systems,

Electrochemical Systems Support Various

Program objectives are improvement of energy efficiency, lowering of
capital cost and increasing materials yield of electrochemical cell processes
employed for the reversible conversion of chemical to electrical energy in
galvanic cells and in the production of materials by electrolysis. Investiga-
tions are carried out of surface morphology of metals in electrodeposition,
anodic surface layers on battery materials, metal couples in non-aqueous
solvents, analysis and simulation of electrochemical systems, efficiency
of aluminum reduction cells, bifunctional air electrodes for metal-air
batteries, electrochemical properties of NASICON, and battery electrodes.

SOLAR TECHNOLOGY (AN) (FY-80 $3.0 M)
Biomass (AN 05) (FY-80 $1.5 M)

Catalytic Biomass Liquefaction ‘ Davis

The program goal is to provide a data base for the conceptual design
of a commercial scale biomass-liquefaction facility. This is to be done
through bench-scale engineering research at LBL on process modifications
which are then tested at the DOE's 3 ton/day demonstration unit at Albany,
Oregon. A continuous bench-scale liquefaction unit (scheduled to become
operational by the end of FY-80) will permit the collection of engineering
data required for the design of additional process equipment for Albany.
This engineering effort will be backed by an on-going program of basic
research involving investigation of novel process concepts and evaluation
of product upgrading options including hydrogenation and solvent extraction.
It is expected that by 1982 a. firm assessment can be provided of economic
feasibility based upon the best set of process options.
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Hydrocarbons and Energy from Plants Otvos

Plants rich in hydrocarbon-like compounds and fermentable sugars are
cultivated, harvested, and analyzed, with emphasis on crop yield, oil and
energy yield, process chemistry and economics.

Measurement of Circumsolar Radiation Grether

Measurements and analyses are made of the amount of solar and circum-
solar radiation available to solar energy conversion systems that operate
by concentrating the incident sunlight. (Some funding under AN 15 as well.
Task Proposal submitted under AN 15.)

Bioconversion of Cellulose to Ethanol Wilke

Process development studies are underway on the conversion of cellulose
(whole trees and agricultural residues) to sugars and the subsequent fermenta-
tion of these sugars to ethanol with simultaneous recovery and concentration
of the alcohol. (AN 05 funding ends FY-80).

Ocean (AN 10) (FY-80 $1.4 M)

Ocean Thermal Energy Conversion (OTEC) Wilde

Through literature searches, field studies and laboratory work this
project will establish the physical, chemical, geological and biological
characteristics of candidate OTEC sites. The OTEC environmental program
will be extended from present baseline studies through operational pilot
facilities and working plants phases at selected sites.

Photovoltaics (AN 15) (FY-80 $0.038 M)~ Grether

Measurements and analyses are made of the amount of solar and circum—
solar radiation available to solar energy conversion systems that operate
by concentrating the incident sunlight. (Some funding under AN 05 as well.
Task Proposal submitted under AN 15.)

Solar Thermal Power (AN 35) (FY-80 $0.1 M)

Small Particle Solar Heat Exchanger Hunt

Small particles are injected directly into a gas stream to absorb
concentrated sunlight which then heats the particle-gas mixture. The near
term goal is to investigate the characteristics of a receiver capable of
producing a high temperature gas for operating a heat engine; the longer
term goal is to understand and develop the use of particulate systems in
a variety of solar applications, including the solar processing of fuels
and chemicals.
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Hawaii Integrated Assessment Siri

This research assesses the technical, economic, and institutional
feasibility and consequences of a transition from reliance on imported
petroleum to dependence on a mix of renewable and geothermal energy in
Hawaii. (Also funded under AM 15 in FY-80. No further funding against
AM 05 expected; AM 15 and AN 35 will continue.)

SOLAR APPLICATIONS (EA) (FY-80 $2.6 M)

Systems Development (EA 01) (FY-80 $2.4 M) Wahlig

This development project includes both active systems used to heat
and cool by the addition of equipment to buildings of conventional design,
and passive systems in which the buildings themselves are designed to take
maximum advantage of natural energy flows. For active systems, emphasis is
on development of advanced components and investigation of the dynamics of
multi~component systems. For passive systems, the goal is to provide a
sound technical basis for passive solar designs and to examine innovative
passive approaches to heating and cooling buildings.

Active Cooling Dao

Work is underway to develop higher performance absorption air con-
ditioners, based on advanced and innovative thermodynamic cycles. A new
prototype single-effect chiller is under test, and advanced absorption systems
are in the design phase. LBL has primary responsibility for technical support

"of the Active Cooling part of the DOE National Program. In this role, LBL
provides project monitoring, assesses solar cooling technology options,
reviews proposals, and assists in program planning.

Evaluation of Control Strategies Wahlig

Control strategies are studied, to increase the efficiency of multi-
component heating and cooling systems. An experimental test facility allows
testing of strategies over a wide range of insulation, building load, and
weather conditions.

Passive Systems Analysis and Design Kammerud

Objectives are to (1) determine the impacts of passive solar design
on energy consumption of buildings and (2) develop thermal analysis
capabilities and design tools that will allow architects and engineers to
use these concepts in their designs. Activities are underway in basic heat-
transfer analysis leading to public domain models for passive solar systems,
in computerized building energy analysis leading to design tools, and in the
definition and evaluation of innovative passive systems that are appropriate .
for use on large-scale buildings.
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Passive Cooling ' Martin

A process is being studied by which heat storage materials would be
cooled by radiation to the sky, then would provide '"coolness" to the building.
The effectiveness of the technique depends on the infrared properties of the
atmosphere, as well as the characteristics of the radiating surface and any
glazing compounds used to reduce convective heating of the radiator. Atmos-—
pheric radiation characterization and studies of materials properties are
underway. LBL has the primary technical support role in the area of Passive
Cooling. In this role LBL monitors DOE projects at other institutions,
continually assesses passive cooling developments and options, reviews
proposals, and participates in DOE program planning.

Demonstrations (EA 02) (FY-80 $0.1 M)

Solar Demonstration Projects and Program Support - Salter

LBL provides technical support to DOE's Solar Heating and Cooling
demonstration program for commercial applications.

Commercialization (EA 05) (FY-80 $0.1 M)

Solar Commercialization ' Kahn

This research analyses and models various regulatory arrangements
for electric utility financing of residential solar technology to determine
the potential economic impacts on customers and the utilities.
BUILDINGS AND COMMUNITY SYSTEMS (EC) (FY-80 $8.1 M)

Building Systems (EC 01) (FY-80 $4.5 M)

Windows, Lighting, and Daylighting Berman

The goal of this program is a significant reduction in the consumption
of non-renewable energy resources in buildings by optimizing the role and
function of windows and lighting systems. Principal activities are to:

(1) foster development of energy-efficient fenestration and lighting
technologies, strategies and design methods by assisting manufacturers,
designers and users, (2) minimize possible adverse social, economic and
environmental impacts connected with energy efficient windows and lighting
practices, (3) provide an information source so that building users, designers
and purchasers can make informed choices on effectiveness and cost-benefit,
and (4) assist in removal of institutinal barriers to adopting these new
technologies.

Major decision points and major milestones are listed chronologically:
establishment of the opportunity for improved efficiency, conceptualization
of product, design or strategy, feasibility evaluation including technical,
economic and institutional aspects, laboratory-scale process, prototype
testing, pilot-production simultaneously with market-penetration research,
volume production simulation, pre-commercialization testing, demonstration
and evaluation, information dissemination.
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A mobile window thermal test facility (MoWiTT) for testing the net
energy performance of fenestration systems under selected conditions of
weather and orientation consists of four fully-sized, heavily insulated
and instrumented rooms with controlled internal temperature and ability
to monitor HVAC systems providing heating and cooling. In the program to
develop a viable replacement for the incandescent lamp, subcontracting,
is a major thrust. The subcontractors will assist in developing a high-
frequency electrodeless lamp, a crated filament lamp, a compact fluorescent
lamp, a magnetic arc-spreading lamp and a multipath fluorescent lamp.

Building Envelopes and Ventilation Rosenfeld/Hollowell

This program has two major areas: Infiltration and Ventilation, and
the DOE-2 Building Energy Performance Modeling Program. In Infiltration/
. Ventilation, the objectives are to identify areas in the physical structure
of buildings as well as the heating, ventilating and air conditioning systems
where modification in construction and/or operation will result in cost
effective energy savings while not interfering with the design use of the
building and/or the health and comfort of the occupants. Subcontract activity
in the BEV group has been primarily concerned with the indoor air quality
field monitoring program.

Building Energy Analysis Computer Program (DOE-2) Rosenfeld

DOE-2 is a cost-effective Building Energy Analysis (BEA) Computer
Program tool developed at LBL in conjunction with other national laboratories
which allows researchers and designers to explore new concepts in building
design, construction, and HVAC control to effect minimum energy usage without
compromising design objectives. The program was used to determine the
Residential Building Energy Performance Standards (BEPS). Objectives to
be reached by 1982 are to: (1) simplify the computer program for the user,
(2) form an interface with other Building Energy Analysis programs in the
country and (3) initiate the next generation of the BEA Computer Program.

Building Energy Performance Standards Levine

This program provides information and analysis supporting DOE's
development of energy performance standards for residential and commercial
buildings and mobile homes. The objectives are to (1) develop and apply
analytical techniques to assess energy and economic impacts, the performance,
and cost effectiveness of alternative conservation measures, (2) develop
and apply a framework for deriving alternative sets of performance standards,
and (3) develop alternative strategies for implementing energy-efficiency
standards. Program extensions include analyses of life-cycle costs of
commercial buildings, devel