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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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1 AFRD 

ACCELERATOR AND FUSION RESEARCH DIVISION 

K.H. Berkner, Division Head 

(1) Magnetic Fusion Energy and Related Research 
($4200 K) 

W.B. Kunkel 

Since about 1975 LBL has been an active player in the national magnetic fusion program, 
primarily in its leading role as developer of neutral-beam systems for major experiments at 
Princeton Plasma Physics Laboratory, Lawrence Livermore National Laboratory (LLNL), and 
GA Technologies in San Diego. These experiments, unlike the self-sustaining reactors of the 
future, typically run for only a fraction of a second (at most a few seconds) and thus require an 
influx of energy to heat the plasma with every pulse. Energetic neutral beams-usually either 
hydrogen or deuterium atoms-continue to be the method of choice for supplying this energy 
in most of today's large experiments. Historically, then, our efforts have been directed toward 
the development of sources of either positive or negative ions, systems for accelerating and 
transporting these ions, and means of efficiently neutralizing the ions to produce the required 
neutral atoms. 

Currently, our work in these same areas has a much broader base-in part because the 
near-term needs of the fusion program have been satisfied with the success of the positive-ion
based Common Long Pulse Source. Ongoing efforts thus focus on negative-ion systems for the 
much larger fusion experiments of the distant future, for industrial application (perhaps includ
ing ion implantation in semiconductors), and for defense. The interest in negative ions is based 
mainly on the fact that, at high energies (as needed, for example, to penetrate the larger plasma 
volumes of future fusion experiments or reactors), positive ions cannot be efficiently neutral
ized. 

Negative-Ion-Based Neutral-Beam Research. Whether neutral beams begin as positive or 
negative ions is, in principle, unimportant, but the practical differences are considerable. On 
the other hand, high current densities are easier to generate with positive ions. In addition, 
injecting negative ions into an accelerator is complicated by the presence of like-charged elec
trons, and the ease with which negative ions can be stripped of their excess electrons makes 
pumping requirements exceedingly stringent. As a consequence, only positive-ion systems have 
been developed for ongoing and near-term magnetic fusion experiments. On the other hand, at 
higher energies-such as those that would be needed for larger fusion experiments and for 
many accelerator applications-only negative ions can be efficiently neutralized. Accordingly, 
our work now concentrates on negative ions-on generating higher currents from sources; on 
novel transport schemes, and on efficient neutralization scenarios. A particularly active area of 
ongoing research is source development, where we are especially encouraged by continuing pro
gress in coaxing high currents from experimental volume-production sources and by our grow
ing theoretical understanding of them. We-also continue to explore the many possible applica
tions of lanthanum hexaboride cathodes as long-lived electron emitters. 

Fusion Diagnostics and Theoretical Studies. Concurrent with the design and testing of 
neutral-beam systems, work continues on developing a noninterfering, on-line diagnostic tech
nique for burning-plasma experiments. Another effort grounded in our interest in atomic and 
molecular physics is our theoretical study of the physics of negative-ion sources-a study that 
underlies and parallels our source-development efforts. Basic theoretical plasma-physics 
research also continues with the goal of providing a better and broader understanding of 
processes and interactions that occur in plasmas. 
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(2) High-Energy Accelerator Research 
($7000 K) 
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S. Chattopadhyay 
G. Lambertson 

C. Taylor 
L. Smith 

The High-Energy Accelerator R&D Group seeks to improve the design and operation of 
existing particle accelerators and to extend the frontiers of accelerator theory and technology as 
the basis for future accelerators. The group's efforts are divided into three areas: high-field 
superconducting magnets, beam cooling and beam electronics, and Superconducting Super Col
lider (SSC) physics. 

The principal effort of the magnet group is the development of a magnet system for the 
planned SSC. The design for a 6.6-tesla dipole magnet, produced in collaboration with 
Brookhaven National Laboratory (BNL) and Fermilab, is based on the use of Nb-Ti supercon
ductor operating at 4.5 K. We are in the process of building and testing l-meter models of 
dipoles and quadrupoles; BNL is building and testing longer models ofour design, and Fermi
lab is assembling long magnets into cryostats for testing. We are also collaborating with indus
try and with academic researchers to produce superconducting cable with a higher critical 
current density than is now available. Concurrently, we are carrying out research aimed at a 
basic understanding of high-current-density accelerator magnets. 

A small specialized group does developmental work on the many devices in an accelerator 
that detect small signals that reveal the beam's behavior and on other devices that direct small 
corrective forces to the beam. Such devices are employed in the technique of stochastic beam 
cooling, which involves detecting deviations of single particles from the mean position and 
velocity of the beam, then applying corrective impulses to the same particles at a position 
downstream. We have developed and tested components for the stochastic cooling of antipro
tons in the Tevatron collider project at Fermilab. We are also pursuing improvements in this 
technology, as well as new applications. A damaging electromagnetic interaction can arise when 
a particle beam passes near some structure, as in an accelerator. The measurement of such 
interactions, called the beam-coupling impedance, and the development of device designs with 
reduced effects are also subjects of study. 

The SSC Central Design Group, under the management of Universities Research Associa
tion, is located at LBL, and numerous LBL staff are associated with the CDG. Several 
Accelerator and Fusion Research Division physicists are in the core of the SSC Accelerator 
Physics Group. They have contributed to the completion of the Conceptual Design Report of 
the SSC. The primary activity of this core group has been the basic design, accelerator physics, 
and beam dynamical and parametric studies for the sse, e.g., sse lattice considerations, 
single-particle dynamics, dynamic aperture considerations, incoherent and coherent beam-beam 
effects, space-charge effects, various coherent instability and other intensity-dependent effects, 
RF noise, and feedback systems. Efforts are also directed towards special experiments in the 
Fermilab Tevatron to understand the dynamic aperture limitations for the SSC. 

(3) Two-Beam Accelerator 
($700 K) 

A.M. Sessler 
D. Prosnitz 

D.B. Hopkins 

The two-beam accelerator (TBA) concept, it is generally agreed, is a leading candidate for 
a configuration capable of producing electron energies in the teravolt range for future linear col
liders. It exploits the higher accelerating gradients achievable when the operating frequency is 
increased. The total microwave power required in such a collider would be on the order of a 
terawatt. In the TBA, this would be produced in a long, low-energy (5-20 MeV), high-current 
(l-3 kA) induction accelerator system located alongside the high-gradient accelerator. 
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We are performing theoretical and experimental studies on two approaches for generating 
the required microwave power using the low-energy beam. The first combines the technology 
of the free-electron laser (FEL): kiloampere induction accelerator units, oversized waveguide 
and couplers operating at millimeter-wave frequencies, and traveling-wave (TW) linear accelera
tor structures. A collaboration with LLNL has resulted in achieving a 35-GHz single-mode 
FEL peak output of 1.8 GW with over 40% efficiency. Also, we have demonstrated an 
accelerating gradient of 180 MV/m in a 35-GHz TW test structure. A new 10-cm-long high
quality accelerator section will be tested soon and is expected to achieve a gradient in the 300-
to 500-MV/m range. 

The second approach is a relativistic klystron version of a TBA. It involves the technol
ogy of high-current relativistic bunched beams, their reacceleration in induction units, and 
standing-wave cavities or TW accelerator sections functioning as microwave output couplers. 

We are in the first of four research program phases. The last calls for the construction of 
a 20- to 30-m-long prototype TBA. 

(4) Bevalac Nuclear Physics Operation 
($17,900 K) 

J.R. Alonso 

The Accelerator and Fusion Research Division (AFRD) operates the SuperHILAC and the 
Bevalac as national research facilities for studies in heavy-ion nuclear physics, nuclear chemis
try, biophysics, biomedicine, and astrophysics. The Bevalac is unique in the opportunity it 
affords for the study of collisions between nuclei at energies high enough to convert nuclear 
matter into hadronic matter in which protons, neutrons, excited states such as delta resonances, 
and free pions all coexist. In addition, a third of the Bevalac's operating time is devoted to 
biomedical research, including a trial program of heavy-ion cancer therapy. 

The SuperHILAC, an Alvarez-type linear accelerator, provides heavy-ion beams of lithium 
through uranium at energies from below I to 8.5 MeV per nucleon. Its three injectors can sup
ply various ion species to five beam lines and II experimental areas on a time-sharing basis. In 
addition, a transfer line from the SuperHILAC provides a beam for injection into the Bevatron 
(a weak-focusing positive-ion synchrotron) for further acceleration to relativistic velocities. 
This combined operation is called the Bevalac facility. The Bevalac can accelerate heavy ions 
to energies between 50 and 2000 MeV per nucleon for delivery to researchers via eight beam 
lines. 

Researchers from other laboratories and universities account for approximately half the 
research time at each accelerator. For example, researchers are now making use of recently 
enhanced Bevalac capabilities for the production of radioactive beams, as well as new detector 
facilities at the Heavy Ion Superconducting Spectrometer (HISS) and the Dilepton Spectrome
ter. In addition, the Local Injector, located at the Bevatron, has significantly increased the 
availability of light ions. Rapid switching between ions from the Local Injector and those for 
the SuperHILAC is now a routine operation. Accelerator improvement projects to increase 
heavy-ion intensities were completed in 1987, and work on an improved control system is 
being undertaken in 1988, with the goal of more global control of the accelerators by means of a 
modern networking system. 
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(5) Heavy-Ion Fusion Accelerator Research 
($3900 K) 
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D. Keefe 

The Heavy-Ion Fusion Accelerator Research (HIFAR) program is developing the physics 
and technology of the heavy-ion driver to establish a data base that will allow this option to be 
considered as part of a sensible future decision on proceeding with inertial-fusion power 
development. A specific accelerator technology, the multiple-beam linear induction accelerator, 
is being studied from the viewpoints of physics and economic feasibility. 

Because a heavy-ion driver will require ion beams at unprecedentedly high currents with 
good optical quality, the HIFAR program is following a multiple approach to extend under
standing of accelerator and beam physics well beyond the present state of the art. 

Elements of the approach are described below. 

Scaled Experiments that include 

I. The Single Beam Transport Experiment (SBTE), which is establishing the practical 
current limits of ion-beam transport in a strong-focusing channel. 

2. The four-beam induction accelerator (MBE-4), which models current amplification 
and longitudinal beam control in the electrostatically focused section of a fusion 
driver. 

3. The Induction Linac System Experiment (ILSE), which will examine in a scaled way 
all beam manipulations required in a driver. 

Theory and Analysis that expand our physics understanding of multiple, space-charge
dominated ion beams and of the potential costs of accelerator drivers for inertial fusion. 

Engineering R&D to be able to produce accelerator technology at the pJ:oper scale and cost 
for a fusion driver. 

(6) Center for X-Ray Optics 
($4700 K) 

D. Attwood 

The activities of the Center for X-Ray Optics are wide ranging and diverse but united, 
nonetheless, by the common goal of understanding and putting to better use light from the x
ray and vacuum-ultraviolet regions of the electromagnetic spectrum. Involvement with x-ray 
sources ranges from the design of new wigglers and undulators for synchrotron-radiation facili
ties to theoretical investigations of how coherent radiation emerges from noise in high-gain 
free-electron lasers. New insertion-device designs, for example, combine permanent-magnet 
materials and electromagnets, both to control saturation effects-thus making higher fields 
possible-and to compensate for field errors. 

Active programs also continue in optical-component development. In collaboration with 
IBM, we have fabricated and tested much-improved x-ray zone plates-a kind of circular dif
fractive structure-with resolving powers of better than IOOO angstroms for soft x-rays. And at 
shorter wavelengths, we continue our development of multilayer-coated glancing-incidence mir
rors, work that culminated in 1986 in the achievement of submicrometer resolution at 8 ke V. 
To illustrate the practical utility of these and other developments in x-ray optics, we are 
involved in a number of experimental programs, including several aimed at demonstrating the 
promise of x-ray microscopy. 
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In the broad area of x-ray spectroscopy, we are active in both the experimental realm and 
in instrument design. For example, we recently developed a new design for high-resolution 
monochromators and spectrometers for the soft x-ray region. This general design will have a 
major impact on spectroscopic applications of synchrotron radiation, line-width measurements 
of x-ray lasers (and thereby our understanding of the time-dependent physics of lasing 
processes), and the practical application of x-ray microscopy and holography. We also pro
duced new high-efficiency x-ray photocathodes based on condensed films of solid xenon and 
argon, and we used picosecond x-ray spectrometry to measure mass-ablation rates from laser
irradiated fusion capsules. 

The synchrotron-radiation projects group was also active in many areas. We are largely 
responsible, for example, for the beam-line designs for the 1-2 GeV Synchrotron Radiation 
Source. More broadly, the group designs and tests beam lines and beam-line components that 
must function under conditions of high x-ray thermal flux. Studies of such, components, 
including finite-element computational modeling and measurements of actual temperature con
tours, have been conducted both at the Stanford Synchrotron Radiation Laboratory (SSRL) and 
at Cornell (CHESS). 

(7) Exploratory Studies and Accelerator Physics R&D 
($1900 K) 

S. Chattopadhyay 

Exploratory research is directed towards extending the frontiers of accelerator theory and 
technology as the basis for future novel accelerators and their applications. Generic research is 
concentrated on efforts to create new computer codes that evaluate various intensity-dependent 
beam-dynamical effects and lead to optimized designs, codes that provide three-dimensional 
electromagnetic properties of complicated accelerator structures, fundamental research in low
emittance, high-brightness storage rings, novel free-electron lasers, and new methods of 
acceleration. These efforts led in the past to the successful paper design of an unprecedentedly 
high-brilliance coherent x-ray facility, development of the accelerator-physics optimization code 
ZAP, the electromagnetic field code COMET, infrared FEL studies for the 1-2 GeV Advanced 
Light Source, etc. · 

Several AFRO physicists from this same group form the core of the Accelerator Physics 
support group for the Advanced Light Source project. They have contributed to the design and 
the Conceptual Design Report of the Advanced Light Source. The primary activity of this core 
group is to provide accelerator-physics support to the basic design, parametric and beam-

. dynamical studies, accelerator systems performance, specification, and evaluation for the 
Advanced Light Source during all phases of preconstruction and construction of this facility. 
Efforts are divided into: · 

(a) Subsystems, such as injection (linac plus booster), the main storage ring, and 

(b) Functions such as accelerator modeling for the computer control system for the whole 
facility, impedance inventory and control, feedback systems, magnet quality 
assurance, etc. 

The theoretical studies concentrate on lattice considerations, dynamic aperture limitations due 
to undulators, various coherent instability and lifetime issues, impedance studies, and some 
beam instrumentation. 
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APPLIED SCIENCE DIVISION 

E.J. Cairns, Division Head 

The Applied Science Division had its origins in the national concerns over energy and the 
environment in the early 1970s. The nation's attention to these issues has waxed and waned 
over the years; for example, the recent decline in the price of oil has led to a diminished 
interest in energy conservation. However, there is no doubt that over the longer term the 
nation must make more efficient use of energy and develop new energy sources, especially 
because oil imports are a large fraction of the growing trade deficit. Concerns over the health 
and environmental impacts of energy use are increasing. The nation's international industrial 
competitiveness, for example for energy-related products, is an emerging issue. The Division 
views its role as being in the forefront of the research effort that will help the nation address 
these concerns. 

Research continues in the following major areas: Energy Conversion and Storage 
(advanced batteries and fuel cells, solar and fossil fuel conversion, biotechnology, materials for 
energy applications), Environmental Research (atmospheric and biospheric effects of combus
tion, combustion processes, analytical chemistry, membrane bioenergetics), Building Sciences 
(advanced electrical lighting, windows, daylighting, and thermally driven heat pumps; building 
energy use measurement, computer simulation, and prediction; building data compilation and 
analysis; indoor air quality), and Policy Analysis (energy conservation relative to energy utili
ties, international energy demand, natural resource market mechanisms, appliance efficiency 
standards). 

The Division is organized into six scientific programs, and their research projects are 
described below. Two centers were recently formed to coordinate research across program 
boundaries: the Center for Building Science, and the Center for Atmospheric and Biospheric 
Effects of Combustion: The member programs of the Center for Building Science are those 
wholly or largely concerned with buildings research: Energy Analysis, Building Energy Systems, 
Windows and Lighting, and Indoor Environment. The program for the Center for Atmospheric 
and Biospheric Effects of Combustion is based upon contributions from the Division, other 
parts of LBL, the University of California system, and a small number of other research institu
tions. 

A. Energy Conversion and Storage 

(1) Management of the Technology Base Research (TBR) 
Project for Electrochemical Energy Storage · 
($2307 K) 

E.J. Cairns 

LBL is the lead center for management of the TBR Project, which is supported by DOE's 
Office of Energy Storage and Distribution. The purpose of this project is to provide the 
research base that supports DOE efforts to develop electrochemical technology for electric vehi
cle and stationary energy-storage applications. 

The general objective of the TBR project is to help provide advanced electrochemical sys
tems that can satisfy stringent performance and economic requirements for electric vehicle and 
stationary energy-storage applications. The specific goal of the project is to identify the most 
promising electrochemical technologies and transfer them to industry and/or another DOE pro
gram for further development and scale-up. 
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General problem areas addressed by the project include identification of new electrochem
ical couples for advanced batteries, determination of technical feasibility of the new couples, 
improvement of battery components and materials, establishment of engineering principles 
applicable to electrochemical energy storage and conversion, and assessment of fuel-cell tech
nology for transportation applications. Major emphasis is given to applied research that will 
lead to superior performance and lower life-cycle costs. · 

(2) Battery Electrode Studies 
($300 K) 

E.J. Cairns 

The objective of this program is to perform laboratory research and modeling studies of 
electrodes used in secondary batteries and fuel cells, and to investigate practical means for 
improving their performance and lifetime. Systems of current interest include ambient
temperature rechargeable cells with zinc electrodes, rechargeable high-temperature cells, fuel 
cells, and photoelectrochemical cells. The approach used in this investigation is to study the 
fundamentals of life- and performance-limiting phenomena under realistic cell operating condi
tions. 

(3) Methane Activation Chemistry 
($60 K) 

R. Fish 

The conversion of methane to methanol will be studied by two different approaches. The 
basic premise being that methanomonooxygenase enzymes readily convert methane to 
methanol at ambient temperatures and low pressures of methane gas. Thus, the isolation and 
identification of the metallo-nonheme monooxygenase from selected methanotrops would pro
vide important basic information on the structure of the biological oxidizing agent and the 
binding site necessary for reaction to occur. The second approach would use the above
mentioned data to synthesize monooxygenase enzyme mimics that would hopefully convert 
methane to methanol at ambient temperatures and low pressures. Initial synthetic goals would 
be directed toward hanging basket metallo-porphyrins and dinuclear metallo-nonheme com
plexes that would utilize iodosylbenzene as the oxygen source in the conversion of methane to 
methanol. In addition, as the biological enzymes studies progress, better mimics that reflect the 
enzyme structure would be prepared. 

(4) Homogeneous Catalytic Hydrogenation of Polynuclear 
Heteroaromatic Compounds 
($30 K) 

R. Fish 

The importance of understanding the reactivity of polynuclear heteroaromatic compounds 
that contain nitrogen and sulfur, under rather mild hydrogenation conditions with homogene
ous and polymer-supported transition-metal catalysts, stems from the fact that these com
pounds are models for compounds prevalent in coal and coal liquids that will be upgraded 
upon processing. The mechanisms of hydrogenation of both the nitrogen and sulfur model coal 
compounds are therefore critical to elucidate and include initial and relative rates, deuterium 
gas experiments, enhancement and inhibition studies with homogeneous and polymer
supported catalysts of rhodium, ruthenium, iridium and osmium. In addition, studies designed 
to learn about the metal mediated carbon-nitrogen bond cleavage reactions will be initiated as 
models for the HDN reaction. 



(5) Condensate Wastewater 
($30 K) 
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C. J. King 

This project deals with physicochemical processing of condensate waters from gasification 
of coal, with the goal of making them suitable for recycle as cooling-tower make-up water. Pro
cessing methods principally considered are solvent extraction, stripping, evaporation, and 
adsorption, as well as combinations of these. Of particular interest are new processing 
approaches that will allow removal of chemical oxygen demand (COD) and removal and 
recovery of ammonia in ways not now possible and/or that will substantially reduce the costs of 
processing. 

(6) Separations by Reversible Chemical Association 
($150 K) 

C.J. King 

This project explores the use of separation processes based upon reversible chemical com
plexation for purposes of recovering polar-organic substances from dilute aqueous solutions. 
Solutes of interest include chemicals that can be manufactured from biomass by fermentation, 
notably alcohols, glycols, carboxylic acids. Methods of approach include characterization of the 
chemistry of complexation, along with factors influencing regeneration of the separating agent, 
and other critical process parameters. 

(7) Removal of H 2S from Gasified Coal 
($167 K) . 

S. Lynn 

This project relates to an innovative process for removing H2S selectively or nonselec
tively from gas streams such as those produced in coal gasification. The process depends upon 
absorbing the H2S in a physical solvent, then causing it to react in solution with S02 dissolved 
in the same solvent. The reaction products are elementary sulfur and water. High-purity sulfur 
is recovered by crystallization from the organic solvent. Water is removed by distillation. The 
objectives of the research are to 

1. Determine the solubilities of H2S, S02, C02, COS, CH4 and other hydrocarbon gases, 
water and sulfur in the organic solvent as functions of pressure, temperature, and sol
vent composition; and to study the effects of these parameters on sulfur crystallized 
from solution. 

2. Determine the effects of ~emperature and solvent composition on reaction kinetics, 
and to study the reactive absorption of gaseous H

2
S by solution of S0

2
. 

3. Investigate the suitability of steel and other materials of construction for this system. 

4. Set up a computer model of this process to aid in its evaluation and evolution. 

5. Compare the anticipated costs of this process with those of conventional gas-cleaning 
technology. 

(8) Fossil Fuel Wastes 
($175 K) 

J. Thomas 

Processes for converting geologic hydrocarbon deposits into synthetic fuels all produce 
wastes containing complex suites of organic compounds, including aliphatic and aromatic 
hydrocarbons with alkyl, hydroxyl, carbonyl, sulfur, and nitrogen substituents. Each process 
suffers from uncontrolled release to the environment of many of these compounds at certain 
points of production or· of waste handling/storage/disposal. The release mechanisms differ 
among processes, and the environmental fates of these compounds are governed by numerous 
physical/chemical/microbiological transport and transformation phenomena. A unified 
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research approach is needed that de-emphasizes the conversion process and instead focuses on 
environmental fate phenomena that act on pollutants common to all of the processes; the two 
major environmental-transport compartments are ground water and the troposphere, and two 
key transformation processes are phototransformation and biodegradation. 

The major objective of this project is to continue establishing a microcomputer data base 
compnsmg organic compounds identified in waste products from hydrocarbon 
extraction/conversion processes (including those for oil shale, tar sands, coal, petroleum) and 
those identified in ground waters and air native to the locales of unaltered geologic hydrocarbon 
deposits. 

(9) Advanced Thermal Energy Storage Technologies 
($40 K) 

A. Hunt 
M. Wahlig 

The goal of this research is to explore methods of using concentrated sunlight to drive 
endothermic chemical reactions useful for thermochemical storage cycles. Sunlight is focused 
directly onto small particles in the gas to be dissociated. The particles absorb the sunlight and 
also act as the catalytic site for the chemical reaction. We are experimentally exploring the 
basic processes and the enhancement of the dissociation of so3 in the presence of direct radiant 
heating. In the overall cycle, the products are stored and recombined over a catalyst to provide 
heat for operating a turbine or industrial process. 

(10) Sol-Gel Processing 
($160 K) 

A. Hunt 

The objective of this micromaterials research is to develop methods of producing new, 
microporous materials based on colloidal and sol-gel chemistry coupled with the use of super
critical drying techniques. The primary goal of the research is to develop techniques to produce 
precursors for advanced ceramics for high temperature applications. Colloid chemistry is used 
to nucleate the particles starting at near molecular dimensions and control their growth and for
mation into a gel. The ·supercritical drying process is used to remove the solvent from the gel 
in a nondestructive way to preserve the structure. The specific objectives of this research are to 
(I) explore the hydrolysis and condensation of ultrafine oxide particles to produce very fine 
grained materials, (2) control the assembling of the particles into a gel to produce materials with 
specifically tailored properties, (3) develop improved methods of removing the liquids from the 
gel, and (4) characterize the materials during and after their preparation to understand and con
trol their properties. The preparation of both single and multicomponent materials including 
silica, mullite precursors, and mullite-silicon nitride composites are being studied. 

Successful development of these techniques will enable a number of new and unusual 
materials to be created. In addition to high temperature ceramics, there may be a number of 
applications for low density materials with controlled inicroporosity, including high perfor
mance insulation, tailored filters and membranes, catalysts, aod materials with unusual physical 
and electrical properties. Other properties that may be induced in porous materials include 
anisotropy and unusual combinations of materials that cannot be achieved by conventional 
means. 

(11) C02 Reforming Feasibility Study 
($80 K) 

A. Hunt 

This project is studying the feasibility of solar receiver/reactor designs to perform the C02 
reforming of methane by direct solar irradiation of the catalyst. The U.S. solar thermal pro
gram is pursuing the C02 reforming of methane for chemical transport of solar energy from 
arrays of dish concentrators to a centralized power conversion facility; the energy is transported 
through pipe lines that carry the energy-rich chemical reactants at ambient temperature. Direct 
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absorption of solar energy by the catalyst particles holds promise of considerable improvements 
in efficiency and cost over more traditional receiver designs utilizing catalysts in externally 
heated tubes. This project is investigating various approaches to direct absorption receiver .. 
design, including fixed and entrained catalyst particles, and will try to determine the advantages 
and disadvantages of direct absorption over catalyst-in-tube approaches. 

(12) Galvanomagnetic Semiconductor Laser 
($80 K) 

P. Berdahl 

In the proposed galvanomagnetic semiconductor laser, population inversion is achieved 
by the combined action of orthogonal electric and magnetic fields, which concentrate both elec
trons and holes near a confining surface. Electron-hole recombination then causes photon 
emission. The material of choice is Cd-doped (p-type) InSb, which has already shown the abil
ity to produce "ordinary" galvanomagnetic luminescence. It is intended to first demonstrate 
stimulated emission, inferred from a narrowing of the emission spectrum, and then to construct 
a working laser. 

Currently available semiconductor lasers with wavelengths longer than 3 microns are 
characterized by relatively low power output, need for cryogenic operation, and complexity of 
fabrication. The galvanomagnetic semiconductor laser has the potential to surmount these lim
itations, and would constitute a qualitatively new type of light source, with potential applica
tions in spectroscopy, fiber optic communications, and materials processing. 

B. Environmental Research 

(13) Aerosol and Cloud Chemistry 
($294 K) 

T. Novakov 

The objective of this project is to study atmospheric chemical reactions involved in the 
acidification of clouds and in the formation of suspended aerosol particles. Special emphasis is 
on heterogeneous reactions involving solid, liquid, and gaseous phases. The work is predom
inantly laboratory research involving state-of-the-art measurement techniques and systems 
designed to simulate chemical processes in clouds and fogs, with the laboratory research com
plemented by selective field experiments. We have established the mechanism for carbon
catalyzed so2 oxidation, postulated a previously unrecognized chemical link between aerosol 
sulfate and organic components with potential repercussions for the effects of aerosol pollution 
on public health, and discovered that incomplete combustion is a significant source of hydrogen 
peroxide and organic hydroperoxides. These oxidants have previously been assumed to ori
ginate solely from atmospheric photochemical reactions. Peroxides are one of the most impor
tant oxidants for the oxidation of nitrogen and sulfur oxides to corresponding acids. Our work 
will contribute to the understanding of the relationships among S02, NOx, and primary oxidant 
emissions and concentrations of secondary species such as sulfate, nitrate, nitric acid, and sul
furic acid in aerosols, clouds, and fogs. 

(14) Heterogeneous S0
2 

Oxidation by Combustion Products 
($55 K) 

T. Novakov 

This project concerns heterogeneous S02 oxidation in liquid water droplets by primary 
combustion products. It will involve laboratory experiments designed to test a three-part 
hypothesis formulated on an examination of field data: (l) The oxidants (or oxidant) for S02 
oxidation in source-dominated atmospheres are combustion products, (2) S02 oxidation is a 
heterogeneous process limited by the availability of liquid water condensed on primary parti
cles, and (3) this oxidation process is fast and occurs quickly after the pollutants and co-emitted 
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oxidants are discharged into the atmosphere. The proposed research centers on fog chamber 
studies complemented by surface chemical measurements and bulk system studies of dissolved 
combustion effluents. These experiments will enable quantitative determination of primary 
oxidants as a function of combustion conditions, differentiation of gas-phase and particulate 
oxidants and catalysts, and the role of liquid water in S02 oxidation. 

(15) Individual Microparticle Physico-Chemical Characterization 
and Analysis 
($79 K) 

R. Otto, 
W.H. Benner 

This project focuses on the development and application of techniques to analyze the 
chemical composition of individual airborne particles in real time. Ultimately, a portable sys
tem will be constructed for laboratory and field use. Fabrication has started on a system in 
which particles will be electrostatically accelerated to a high velocity «> 2 km/s) and ionized by 
impact on a target. This technique overcomes a problem caused by bulk analysis, namely that 
compositional analysis will no longer need to be averaged over all particles. This will provide a 
new way to understand the formation, history, and source of airborne particles. 

(16) Additive Effects on Scrubber Chemistry 
($375 K) 

S.G. Chang 

By studying the reactivity of S02 and NOx with chemical additives, we are developing an 
efficient and cost-effective process for the simultaneous control of so2 and NOX in flue gas. 
Our goal is based on developing a process that can provide more than 90% removal of both 
S02 and NOx and offers economic advantage over the combination of a sele~tive catalytic 
reduction process for NOX with a wet limestone scrubber for so2 control. We are directing our 
effort toward kinetic and mechanistic studies of chemical reactions involved in a system 
employing a ferrous chelate as a catalyst to increase the absorption, capacity of NO and the 
reaction rate of NO with S02. The application of this type of chemi~ry to both wet and spray 
drying processes will be investigated. Innovative methods for the regeneration of scrubbing 
liquors and catalysts will be developed. The employment of nonferrous chelates as a catalyst 
will be studied. The advantage of immobilization of metal ion catalysts onto solid substrates 
such as a porous glass and a crosslinked polystyrene divinylbenzene lattice attached with vari
ous chelating functional groups will be investigated. This advantage could include the simplifi
cation in process design for species separation, reduction of water, energy and catalyst con
sumption, and reduction of operating costs. 

(17) Controlled Combustion 
($190 K) 

A.K. Oppenheim 

The principal objective of this study is the acquisition of fundamental knowledge required 
for the development of controlled combustion systems. Such systems offer the prospect of 
maximizing thermal energy conversion efficiency, minimizing pollutant emissions, and optimiz
ing the tolerance to a wide variety of fuels. A thorough understanding of ignition-the initia
tion of a self-sustained exothermic process of combustion-is for this purpose of essential 
importance. The major objective of the experimental program is the establishment of a funda
mental background for the design of enhanced ignition systems. Of prime significance in this 
respect is the determination of the role of active radicals. This is accomplished by the use of a 
high frequency response molecular beam mass spectrometer that has been designed and built ' 
especially for this purpose. The corresponding theoretical approach is based on an extended 
thermo-chemical analysis for auto-ignition in a closed system, following the method of 
approach developed by Semenov and Frank-Kamenetskii. This is supplemented by numerical 
modeling of jets and flame propagation in turbulent flow. · 



(18) Combustion Chemistry 
($137K) 

13 ASD 

N.J. Brown 

Combustion chemistry consists of complex chain mechanisms involving radical and stable 
species. The inherent difficulties encountered in performing measurements in high temperature 
environments where the chemistry is frequently coupled to fluid mechanics makes the study of 
combustion chemistry in realistic combustion systems difficult. The application of various 
theoretical approaches to the study of thermal and state·to-state reactions is particularly attrac
tive for elementary reactions and processes important in combustion because it offers the long
term possibility of prediction. This approach is further strengthened when it is coupled with an 
experimental program to verify the theoretical predictions. 

Task one is concerned with the investigation of the dependence of reactivity and energy 
transfer processes on various types of energy, angular momentum, and potential energy charac
teristics. Dynamical and statistical theoretical approaches are being pursued using realistic 
potential energy surfaces for prototypical molecular systems important in combustion systems. 
Task two is concerned with investigating ignition chemistry. Ignition can be initiated by the 
photodissociation of sensor molecules, and this can be investigated theoretically and experi
mentally. Laser-induced chemistry, molecular beam mass spectroscopy, and other laser-based 
spectroscopies will be used to characterize ignition phenomena and measure important rate 
coefficients. 

(19) Lean Engine Combustion 
($200 K) 

R.F. Sawyer 

Premixed lean engine combustion holds the promise of improved efficiency, extended fuel 
tolerance, and reduced emissions. Understanding the fundamental processes which limit lean 
combustion under engine conditions is essential to the development and improvement of lean 
combustion engines. Three aspects of the combustion: ignition of lean mixtures, lean limit 
flame , propagation, and wall heat transfer are being studied. Two unique square piston 
compression-expansion machines which provide full optical access to the combustion process 
under conditions simulating those of reciprocating engines are utilized. Two constant volume 
cells with optical and instrumentation ports also are employed. 

Experimental studies include flow visualization and measurement of flame propagation 
rates, combustion induced flows, ignition delay, inflammation rates, energy release rates, and 
time and space dependent heat transfer rates. Theoretical models of experimental observations 
are being developed to aid in the interpretation of experimental observations for eventual 
incorporation as components of comprehensive engine combustion models. The potential of 
lean combustion as a means oLincreasing compression ratio and extending the knock limit is 
being investigated through adding the compression ratio as an experimental variable. 

(20) Smoke Measurements as Related to the Nuclear Environment 
($165 K) 

R.B. Williamson 
T. Novakov 
N.J. Brown 

This project is concerned with the measurement of the smoke particulates that might be 
generated following the use of nuclear weapons effecting a decrease in the incident solar energy 
reaching the earth's surface and causing what has become known as the concept of "Nuclear 
Winter." A series of medium scale experiments to characterize smoke production from assem
blies of exemplar urban materials were carried out. Smoke emission factors (i.e., the mass of 
smoke per mass of fuel burned) were measured in ten different experiments. In addition, size 
fractionation studies were made with a cascade impactor. The percentages of "black" graphitic 
carbon and organic carbon have been determined for alf the experiments as a function of parti
cle aerodynamic diameter. Values in the range of 0.1 to 0.2% are reported for the smoke 
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emission factors for Douglas fir whole-wood and plywood burning under well ventilated condi
tions, and over half of these emissions are black carbon particles with aerodynamic diameters 
less than I micron. Douglas fir whole-wood gave smoke emission factors in the range of 2 to 
3.5% when burned under poorly ventilated conditions representing a building fire with combus
tion being controlled by the air entering a window. The black carbon content in the limited 
ventilation was 50 to 75% of the total mass of the smoke particles, but the size distribution was 
much broader, with substantial quantities of particles up to 5 microns in diameter. The smoke 
emission factor for burning asphalt roofing shingles is reported as 13.94% with over 90% being 
black carbon particles and over half of those are less than I micron. The significance of these 
measurements is being studied in the context of the Nuclear Winter concept. 

(21) Turbulent Combustion 
($325 K) 

L. Talbot 
R.K. Cheng 

Turbulent combustion is the predominant process in most practical combustors and a 
proper understanding of the interactions between fluid mechanical turbulence and combustion 
heat release is necessary for the design of advanced performance combustion systems. The 
objective of this program is to investigate experimentally the fundamental turbulence
combustion interaction processes and to develop theoretical models capable of predicting these 
phenomena. 

Since the flowfields in practical burners are complex and influenced by the burner 
geometries, it is necessary to study turbulent combustion under a more controlled and idealized 
environment. Four experimental flow configurations are used in our studies of premixed tur
bulent flames. They are 1) heated wall turbulent boundary layer capable of supporting combus
tion in fuel lean mixtures, 2) rod-stabilized turbulent v-flame, 3) Bunsen type conical turbulent 
flame, and 4) turbulent flame stabilized by a stagnation plate. Several laser based diagnostic 
techniques such as two-component laser Doppler anemometry and linear array Rayleigh scatter
ing are used to measure detailed velocity and scalar statistics. For the study of non-premixed 
(diffusion) turbulent fla!Jles, a turbulent jet burner is being designed and constructed. A 
theoretical study of premixed turbulent flames using vortex dynamics method is also being car
ried out. The predictions of the models are compared with the experimental data to evaluate 
the modeling techniques. 

(22) Nitrogen Recycling in a Closed Ecological Life-Support 
System (CELSS) 
($63 K) 

L. Packer 

This project investigates conditions for the most efficient utilization of N2 or N03- by 
cyanobacteria (blue-green algae) so that they can be effectively exploited as a source of com
bined nitrogen. In addition, the partitioning of photosynthetic reductant between the major 
food groups (lipid, carbohydrate, and protein) will be assessed. Manipulation of environmental 
conditions (temperature, salinity) to redirect reductant for the enrichment of particular food 
groups will be made to modify the ratios of carbohydrate, lipid, and protein to levels compati
ble with the human diet. We will screen strains and select for study those that appear to be a 
particularly suitable for long-term culture, hardiness, and activity. 

The bioenergetics of stress, and how this influences nitrogen metabolism and carbohydrate 
accllmulation will be studied. Cyanobacterial cells enriched with 13C-HC03- will be examined 
by 13C-NMR to study the dynamic changes in organic substances as a function of stress. 23Na
and 31 P-NMR will be used to characterize intracellular salt and bioenergetic parameters under 
similar conditions. The investigation will also employ new specific and sensitive spin-labeled 
probes that enable us to measure the significant bioenergetic parameters of pH, membrane 
potential, volume, and reducing power under identical conditions inside cells using electron 



15 ASD 

spin resonance instrumentation. The influence of N03-, C02, and 0 2 on nitrogen assimilation 
and on the two main components of the proton motive force, proton gradients and membrane 
potentials, will be studied. The role of bioenergetic parameters in the adaptive mechanisms 
during the redirecting of reductant away from (excess) protein to (required) carbohydrate to 
produce a single dietary compatible food source for use in the CELSS program will be made. 

(23) Free Radical Detection 
($67 K) 

R. Mehlhorn 

Free radical traps are being developed and applied for the detection of oxygen radicals in 
biological systems. Currently, a new radiolabeled chemical trap is being synthesized. This trap, 
thiomethyl-ketobutyric acid (KMBA), can be administered to microorganisms, animals or 
plants as an aqueous solution and gives rise to a volatile product upon reacting with oxy radi
cals. The volatile gas can be detected with high sensitivity by virtue of being tritium-labeled. 
The objectives of the next phase of the project include validating this free radical trap in a 
variety of models of oxidative stress, including ionizing radiation, carbon tetrachloride toxicity, 
and intensive exercise, to establish detection limits and specificity of the trap for free radicals. 

(24) Bolide Impacts and Mass Extinctions 
($450 K) 

F. Asaro 

Our group developed an asteroid-impact theory, based on iridium (lr) and other geochem
ical anomalies that we discovered in 65 million year (M.Y.) old sediments, to explain the mass 
extinction of species that occurred then. This work has received great acceptance in the scien
tific community and impact-related extinctions are now considered to be a prominent force in 
evolution. 

It has been suggested that unusual extinctions of species are periodic, and that these 
extinctions are due to comet impacts on the Earth triggered by the passage of a hypothetical 
companion to the Sun (named Nemesis) through the comet cloud on the outer edges of the 
Solar System every 26-28 M.Y. 

The proposed program will critically test the Nemesis hypothesis by an intensive geo
chemical study of rocks deposited simultaneously with the extinctions or bolide impacts. 

An intensive scan of the geological record for Ir anomalies (which suggest bolide impacts) 
will be made with an iridium coincidence spectrometer, a unique device for measuring samples 
for Ir after neutron activation. 

(25) Life Extinction 
($37 K) 

F. Asaro 

Geological samples collected from Western Australia and South Africa and dating to the 
early Precambrian era (3.3-3.5 billion years old) have been obtained through collaboration with 
geologists at Louisiana State University. These samples contain spherules similar in shape to 
chondrules found in carbonaceous chondrites (meteorites). Measurements of the abundance of 
the element Ir (as well as many other elements) in about 40 spherule-laden samples will be 
made to determine if there is chemical evidence for an association with the impact of a large 
extraterrestrial object on the Earth. If the association does indeed exist,· collaborative studies 
will be made to search for very early life forms in this geological horizon. 
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C. Energy Analysis 

(26) Appliance Efficiency Performance Standards 
($1325 K) 

M. Levine 

The objective of this project is to support the U.S. Department of Energy's legislatively 
mandated reanalysis of energy efficiency standards for consumer products. The work will pro
vide a continuing and improved analytic basis for DOE to draw upon in this reanalysis. It will 
?lso provide the analysis for the proposed rulemaking for the three products that have been 
treated as "space reserved": heat pumps, home heating systems, and heat-pump water heaters. 
The research addresses four general areas: 1) engineering analysis of appliances and heating and 
cooling equipment; 2) consumer analysis and forecasting of sales and efficiency of appliances; 
3) impacts of standards on manufacturers; and 4) assessment of a variety of costs and benefits 
of standards. 

(21) ASEAN Building Energy Conservation Policy 
($1082 K) 

M. Levine 

The overall purpose of this project is to stimulate the development and implementation of 
policies to increase the efficiency of energy use in commercial buildings in five countries in the 
Association of South East Asian Nations (ASEAN): Indonesia, Malaysia, Philippines, Singapore, 
and Thailand. This is carried out through training, research projects, analysis and assessment, 
and information dissemination. 

The work includes ( 1) assisting ASEAN researchers to gather appropriate weather data, 
(2) analysis of weather data, (3) systematic studies of energy impacts of conservation measures 
in commercial buildings using DOE-2, (4) assisting ASEAN researchers in gathering data on 
actual building energy use and effects of conservation demonstrations, (5) testing of microcom
puter codes for application to ASEAN buildings to assess energy use, (6) economic analysis of 
effects of conservation measures (including peak load effects), and (7) development of informa
tion and tools to implement policies in two or more ASEAN countries. 

(28) Environmental Policy 
($85 K) 

M. Levine, 
R.L. Ritschard 

The purpose of this effort is to develop a new collaboration between LBL and the Univer
sity of California dealing with environmental policy issues in order to establish an ongoing 
research effort that applies scientific and analytical expertise to important national issues such 
as global climate change, chemicals in the environment that cause damage to ecosystems and 
humans, factors causing and effects of global deforestation, and risk assessments. 

(29) Federally-Assisted Housing 
($125 K) 

R.L. Ritschard 

There are five primary objectives for this DOE-funded effort: (I) to ascertain the current 
status of energy use in public housing from existing data, (2) to evaluate the energy savings 
potential of retrofits in conjunction with the Department of Housing and Urban Development 
(HUD), (3) to develop simplified analytical techniques for use by local housing authorities, 
(4) to collect detailed information on energy use patterns and tenant behavior in public housing 
through on-site monitoring, and (5) to provide information to HUD and local housing authori
ties on optimal retrofit strategies including estimates of costs and savings. 
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R.L. Ritschard 

This project, funded by the Gas Research Institute, will develop a data base of heating and 
cooling load requirements for typical multifamily buildings, representing new construction and 
existing stock, within each of the GRI regions for use in evaluating advanced residential gas 
technologies. In order to place this data base into perspective, it will be compared to other 
available multifamily data sources, which include both estimated results from computer simula
tions and metered data. We will also perform selected technology assessments of several tech
nologies selected by G RI such as (1) central versus distributed HV AC systems, (2) application 
of triple-integrated appliances to multifamily units, and (3) zonally controlled heating and cool
ing systems. 

(31) Building Analysis 
($114 K) 

R.L. Ritschard 

The objective of this research is to analyze factors affecting energy use in residential build
ings to: (1) increase the understanding of whole-building performance, (2) develop simplified 
analysis tools to evaluate building energy efficiency and further knowledge of interactions 
among climate variables, building characteristics, occupant behavior, and energy use, and 
(3) support DOE policies for voluntary performance guidelines and standards. The LBL pro
gram has focused on the following: , 

1. Completion of a residential microcomputer program (PEAR) with full documentation 
for release to the private sector. 

2. Continuation of region-specific studies in hot and arid climate covering the field per
formance of two-stage evaporative coolers and thermal comfort in conditions of low 
humidity and high temperature using various means of air movement. 

(32) Least Cost Utility Planning Studies 
($350 K) 

M. Levine, 
A.H. Rosenfeld 

The purpose of this project is to develop and disseminate data, and to refine and apply 
analytical tools that assist utilities and state regulatory/planning agencies in developing and 
implementing least-cost energy and power planning strategies to encourage the efficient 
development and use of supply- and demand-side electricity and fuel resources to meet end
user needs. The primary emphasis of the project is on the application of efficient demand-side 
technologies for residential and commercial buildings, and their impacts on electric energy and 
power requirements, utility system operations, and customer and utility costs. Many individual 
tasks are being carried out in conjunction with individual utilities, state agencies, and organiza
tions such as EPRI, GRI, and NARUC, with the dual aim of developing and applying data 
bases and planning tools in the context of specific utility service areas, while providing practical 
examples that will promote least-cost energy and power planning among many other utilities in 
the future. 

(33) Buildings Energy Data 
($300 K) 

J. Harris 

The Buildings Energy Data Group (BED) compiles, analyzes, and publishes measured 
energy performance data on efficient buildings and equipment. By providing designers, owners, 
managers, policy-makers, and others with feedback on the actual performance and cost
effectiveness of energy-saving technical measures and operating strategies, information from our 
data bases contributes to better-informed decisions on building design, operation, financing, 
energy demand forecasting, and public policy. 
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The core of BED's activity involves the development and updating of a data base series 
called BECA (Buildings Energy-Use Compilation and Analysis), and use of these data for com
parative studies of measured building performance. The Buildings Energy Data Group is also 
active in three areas that complement the core data base effort: development of energy perfor
mance indicators, primary data collection and analysis, and studies of conservation potential. 
Our products include technical studies based on measured building performance and cost
effectiveness data, public-domain data files in electronic and hard-copy form, recommended 
methods for translating raw data into standardized performance indicators, and numerous sum
maries of our results presented to practitioner, industry, and utility audiences. 

(34) Michigan Energy Options Study 
($95 K) 

J. Harris 

The main focus of the Michigan Electricity Options Study (MEOS) is to identify a 
manageable set of practical and cost-effective demand-side options from the range of presently 
available measures for residential sector buildings, and to assess the total resource demand-side 
options in this sector that could supply the state by 2005. The resources over this twenty-year 
horizon need to be explored in terms of the technical potential; the fraction of that potential 
that can be expected to be implemented on the basis of trends; and the fraction that can addi
tionally be mobilized as a function of various programs and policies. We will identify the 
resource options that offer the greatest opportunities to reduce or shift the demand of electri
city. The assessment of resource options will also include the best choice of demand-side pro
grams and policies, notably how to design them for maximum effectiveness with the lowest 
administrative and incentive cost. 

The characterization of the demand-side resource will be done in a way that is compatible 
with an integrative least-cost analysis in which demand-side and supply-side options are com
pared in technical and dollar-cost terms. MEOS also aims to define least cost from a societal 
perspective. This means that the demand-side resource will also be assessed in terms of 
environmental impacts, .employment implications, and other impacts on Michigan's tax reve
nue and economy. 

(35) Residential Standards Development J. Harris 
($109 K) . 

The Bonneville Power Authority (BPA) has developed Model Conservation Standards for 
new homes built in the Pacific Northwest. LBL will continue evaluating the energy perfor
mance and cost-effectiveness of the new homes using methodologies previously developed for 
the residential BECA (Buildings Energy-Use Compilation and Analysis) compilations. The 
BPA project is perhaps the largest monitoring project ever implemented in the USA. A major 
fraction of the buildings will be monitored at IS-minute intervals, all buildings will be triple
metered, and internal temperatures recorded. Many of the buildings will become part of the 
BECA-A data base, and offer excellent opportunities for verification and further research into 
our standardization procedure. 

(36) Residential Energy Use In Industrialized Countries 
($282 K) 

L. Schipper 

For several years, the International Energy Studies Group at Lawrence Berkeley Labora
tory has been studying changes in residential energy use and its underlying structure in the 
major countries in the Organization for Economic Cooperation and Development (OECD). 
The main motivation for this research is to establish an international context within which 
changes in U.S. residential energy use can be better understood. The particular goals of this 
project are to l) establish a data base on energy use in homes in OECD countries; 
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2) understand the nature and magnitude of reactions to price changes; 3) evaluate the past and 
future evolution of specific fuel markets; 4) analyze the components of changes in energy use, 
particularly the permanence of these changes; 5) analyze the relationship between government 
conservation programs and actual savings in the residential sector; and 6) evaluate techniques 
or policies from overseas that may be applicable in the U.S. 

A clear picture of the factors determining the variation in household energy consumption 
provides an understanding of the possibilities for future consumption change, including policy
induced change. International comparisons reveal the effects of extremes of efficiency or lifes
tyle on energy use, and allow us to evaluate. the possible influence of different technologies or 
policies on energy use. These comparisons allow us to examine the responses of consumption 
under a wide range of characteristics for variables like energy (and other factor) prices, fuel 
availability, household income, appliance saturation, climate, dwelling type, building tradition, 
household and building size, and policies. 

(37) Energy Demand in Developing Countries 
($200 K) 

J. Sathaye 

This project will continue important efforts in collecting and analyzing energy
consumption information from less developed countries (LDCs). The methods developed in 
earlier studies will be used to collect and analyze data in 20 LDCs that account for most of the 
non-OECD (Organization for Economic Cooperation and Development) oil use. LDCs 
includes China and several large oil-exporting countries. 

This project will present a complete analysis of LDCs, including a detailed description of 
each sector over time; a review of important trends in structural change or composition, conser
vation, and fuel switching; and a study of key topics in selected countries. The output of this 
study will include a computerized data base on LDC energy use and structure. Additionally, 
there will be a detailed analysis of transportation oil use in these countries. 

(38) Natural Gas Policy Modeling 
($90 K) 

M. Rothkopf 

This research focuses on the "contracts problem," pipeline regulation, and decontrol of 
old gas. Research goals include estimating how large the excess capacity might now be in the 
absence of a contracts problem, and estimating the welfare loss, if any, from the contracts prob
lem. 

Natural gas supply in the U.S. has recently undergone major changes in regulatory 
environment, and further changes are being contemplated. Furthermore, there is a contract 
structure among gas producers, gas pipelines, and gas customers that, in part, predates current 
regulations and poses potential problems for further regulatory changes. To help analyze the 
effects of various regulatory policies, we have constructed an initial version of a "conceptual" 
linear programming model. The model is concerned with the short-run behavior (i.e., behavior 
under given contracts) of individual pipelines. 

We are extending and applying our initial model to simulate the behavior of a particular 
pipeline system and attempting to explain any differences between the behavior predicted by 
the model and the observed pipeline behavior. 
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(39) Policy Choices for Establishing Private Uranium 
Enrichment in the U.S. 
($80 K) 

M. Rothkopf 

DOE runs a major uranium enrichment business that serves the nuclear power industry. 
The Administration is considering proposing to Congress the establishment of a competitive 
independent enterprise to carry out this activity. The goals of the Administration include pro
viding for an orderly transfer of enrichment activities to the private sector, preserving the exist
ing enterprise and capability for the U.S., recovering for the Government as much money for 
its assets as possible, and enhancing the climate for further private domestic competition in this 
business. This project is considering alternative means of reaching these goals and of overcom
ing several key obstacles to their accomplishment. The end product will be a proposed plan 
and discussion of the issues it raises. 

(40) Energy Emergency Policy Studies 
($192 K) 

M. Rothkopf 

A major goal of the U.S. Government is security of its energy supplies. To that end it 
maintains a Strategic Petroleum Reserve, now in excess of 500 million barrels, and has joined 
the International Energy Agency. We have started to undertake studies in support of U.S. poli
cies with respect to energy emergencies. The first of these studies is a reassessment of U.S. 
energy vulnerability in the 1990s, which is concentrating on the vulnerability of international 
oil supplies and domestic electricity supplies. 

(41) Market Mechanisms for PURPA Power Purchases 
($129K) 

M. Rothkopf 

Under rules based upon the Public Utilities Regulatory Policies Act of 1978 (PURPA), 
public utilities are required to purchase power from unregulated sources such as cogeneration at 
the avoided cost of the regulated utility. Originally, the amount of power to be purchased was 
expected to be small, and avoided cost was equated with marginal cost. However, experience 
has shown that there is a significant amount of power purchased, and that the true marginal 
cost may be the unobservable cost of one of the proposed unregulated sources of power. DOE 
has analyzed the problems of PURPA pricing and is interested in competitive bidding as a 
more appropriate method for utility purchase of unregulated power. 

We are studying the issues involved in implementing bidding schemes for utility pur
chases of unregulated power. Among these issues are the form and frequency of auction, the 
allowable kinds of bids, the commitment of bidders and the bid acceptance decision process. 
We are examining various auction formats for workability, fairness, and economic efficiency. 
We are examining the mathematical problem of selecting the optimum set of bids and the 
effects of approximations in solving it. We are performing qualitative analysis, developing 
structured illustrative quantitative examples, doing a case study with realistic data, and report
ing on policy implications. 
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M. Wahlig 

This project includes research on advanced absorption cycles for solar cooling, systems 
analysis to predict the comparative performance and economics of conventional and advanced 
solar cooling systems, and technical support activities to assist DOE in planning and coordina
tion for the advancement of solar cooling technology. 

Advanced Chiller Research. LBL is conducting in-house research on advanced thermo
dynamic cycles for solar cooling. The resulting advances in absorption-cycle cooling technology 
are expected to lead to higher-efficiency solar-absorption cooling systems capable of displacing 
the use of conventional electric-driven air conditioners. Current research work consists of 
developing and applying detailed analytical models for the performance of advanced absorption 
cycles. 

Systems Analysis. LBL is performing systems simulation and economic analysis for active 
solar space-conditioning technologies. Models based on psychrometric analysis are being 
developed and used to calculate the seasonal performance and the economics of solar dessicant 
and solar absorption cooling systems, including a comparison of these with conventional cool
ing systems. 

Technical Support. Program planning and coordination tasks are being conducted in sup
port of the DOE solar cooling program. 

( 43) Passive Research and Development 
($300 K) 

R. Kammerud 

The passive program at LBL is directed at theoretical and experimental investigations of 
the performance implications of passive design strategies; emphasis is given to cooling and 
lighting of commercial buildings. In this context, the objectives of the program are the follow
ing: 

• Develop analytic descriptions of the thermal processes that occur within a building or 
between a building and the environment. These heat transfer algorithms are based on 
empirical data and/or analysis from first principles. 

• Identify advanced passive systems for commercial buildings, evaluate their effectiveness 
in reducing the heating, cooling, and lighting energy consumption in the U.S., and iden
tify effective criteria for integrating them into buildings. 

• Identify, develop, and evaluate advanced materials for building apertures. 

Heat transfer research projects have (1) examined natural convection within buildings and 
between buildings and the environment and (2) modeled and characterized the performance of 
advanced passive and hybrid cooling systems. Passive system development and evaluation 
activities are directed at characterization of the impacts on building performance of specific 
passive strategies using building energy analysis techniques. This includes examination of the 
relationships between (1) energy consumption for heating, cooling, and illumination, and (2) cli
mate parameters, innovative materials, building structure, building use patterns, HV AC system, 
and the local utility. Specific passive techniques under evaluation are direct-gain space heating, 
daylighting, and solar load control; past work has included ventilation and radiative cooling. 
Aperture materials research projects focus on (1) enhancement of the performance of natural 
lighting systems, (2) reduction of the thermal transmission of apertures, and (3) control of 
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Aperture materials research projects focus on (I) enhancement of the performance of natural 
lighting systems, (2) reduction of the thermal transmission of apertures, and (3) control of radi
ant energy transfer. 

(44) Technical Evaluation of Institutional Conservation Program 
($115 K) 

R. Kammerud 

The Institutional Conservation Program (ICP) is a federal grant program that has sup
ported the identification and implementation of measures for reducing energy use in the institu
tional sector. To date, ICP has focused on energy conservation measures in schools and hospi
tals, though a limited number of renewables projects have also been supported. The purpose of 
the initial phase of this project is to provide technical input to a strategic planning process 
intended to refine current directions and define new ones. 

(45) Evaluation of Schools and Hospitals Grant Program 
($250 K) 

R. Kammerud 

This is a two-year joint effort with Argonne National Laboratory focusing on the schools 
and hospitals grants portion of the Institutional Conservation Program (ICP). 

The overall goal of the project is to identify the most successful conservation measures 
(equipment and activities) available to the institutional buildings sector. Specific research 
objectives are (I) to determine the impact of the ICP grants program on fostering energy effi
ciency and saving energy; (2) to determine key characteristics of institutional conservation 
efforts outside the Federal program; (3) to determine the technical, organizational, and institu
tional conditions that create opportunities for energy conservation measures to be most effec
tive; and (4) to identify key technology transfer opportunities. 

( 46) HV AC Monitoring in Commercial Buildings 
($44 K) 

M. Warren 

The Passive Solar Federal Buildings Program (PSFBP) provides for monitoring to estab~ 
!ish the savings from solar components and systems in new and existing Federal buildings. 
SERI has been charged with developing and testing a short-term thermal monitoring methodol
ogy, known as macrodynamic analysis, to quantify the energy savings in at least two commer
cial buildings. The performance of a passive solar building depends critically on the interaction 
between the heating, ventilating, and air conditioning (HVAC) system and the building. 

This work will define the monitoring objectives and potential issues (involving the opera
tion and monitoring of the HV AC system) that affect the selection of a commercial building as 
a test site for measuring the thermal performance using macro-dynamic analysis. Possible 
buildings will be reviewed with focus on those with existing tracer-based air flow monitoring 
that may also be suitable for experimental testing. An experimental test plan will then be 
developed for required measurements on the HV AC system necessary to achieve the monitor
ing objectives. An analysis of measurement uncertainty and sensitivity to equipment modeling 
will be performed, based on specific building and equipment characteristics, to guide the actual 
experiments. LBL will participate in the implementation of the monitoring plan and in the 
analysis of the results. This work will extend our fundamental understanding of the impact of 
HV AC system operation on commercial building energy consumption. 



(47) Building Energy Simulation (DOE-2) 
($730 K) 
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F. Winkelmann 

The Simulation Research Group has the long-term objective of providing the architec
tural, engineering, and research communities with software tools to assist in the design of signi
ficantly more energy efficient and cost effective buildings. The ongoing research has two main 
thrusts: (1) the development and maintenance of DOE-2, the current-generation benchmark 
program; and (2) advanced simulation, the development of the next generation of building per
formance calculation tools (the Energy Kernel System or EKS). 

DOE-2 is a computer model used for predicting energy in buildings. Our group oversees 
the maintenance and documentation of the program, tests and validates the program to ensure 
that current and new algorithms accurately predict energy performance of buildings, and 
updates the program at regular intervals. In the area of advanced simulation, the Energy Ker
nel System is being developed with collaborating institutions world wide. The EKS has three 
main components: (1) software primitives, including a component model library and simulation 
tools; (2) a software harness, which facilitates the construction of simulation programs by allow
ing general linkage of component models and support models; and (3) a knowledge base that 
contains the rules of simulation development and use, so as to allow at a future time the con
struction of expert systems for building performance simulation. The intention of the Energy 
Kernel System project is not to develop a single new model but, instead, to provide a kernel 
system of highly-portable software modules and linking protocols which will enable public and 
private sector groups to construct a variety of customized programs for energy use analysis. 

(48) Windows and Daylighting 
($1150 K) 

E. Windows and Lighting 

S. Selkowitz 

The Windows and Daylighting Group develops the technical basis for determining 
optimal fenestration (window and skylight) performance to minimize heating and cooling loads 
in buildings and conducts research on using daylight to reduce energy consumption and peak 
demand. The group's work encompasses the following areas: 

1. Materials science studies, aimed at developing the analytical models and experimental 
techniques for characterizing the performance of advanced optical materials as applied 
to fenestration, and proof-of-concept studies, for advanced technology window sys
tems. 

2. Analytical and experimental modeling, aimed at developing and validating a range of 
computer models and experimental techniques for determining the energy-related per
formance of fenestration materials, components, and systems; accounts for daylighting 
effects and thermal performance. 

3. Fenestration optimization, which uses simulation studies to generate the technical per
formance data required for developing a comprehensive and usable set of guidelines 
for optimizing the energy-related performance of fenestration as a function of building 
type, occupancy, and climate. 

4. In-situ testing, which has the goal of developing a data base on fenestration perfor
mance based on carrying out experimental studies in occupied buildings and in con
trolled field test facilities; these data will be used to validate computer models of com
ponent performance and optimal design strategies. 
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S. Selkowitz 

We are identifying and investigating fundamental physical processes, materials, and dev
ices having a high potential for increasing the energy efficiency of glazed apertures in buildings. 
Four broad functional categories are being studied: (l) low conductance, high transmittance 
glazings-systems that minimize conducted and convected heat transfer while maximizing 
radiant transmission; (2) optical switching materials-materials whose optical properties can 
be altered in response to environmental conditions; (3) selective transmittance glazings
glazings with angle-selective properties or spectrally selective properties to control solar gain; 
and ( 4) daylight enhancement-systems to collect, transmit, and distribute daylight within 
buildings. We examine the potential of appropriate optical technologies such as interference 
coatings, microstructured surfaces scattering media, optically active materials, holography, 
guided wave optics, etc., as well as thermal control techniques. 

The work includes performance predictions to identify potential savings, a review of each 
optical technology, and an experimental program to investigate the most promising technolo
gies. Program staff develop a multiyear research plan and provide scientific review of all 
DOE-supported efforts in this program area. 

(50) Lighting Technology 
($2472 K) 

S. Berman 

Lighting energy use accounts for 25% of national electrical consumption. Lawrence 
Berkeley Laboratory is carrying out a comprehensive program aimed at bringing about sub
stantial energy savings in this area by I) supporting long-term and high-risk research into new 
energy-efficient lighting systems and 2) carrying out investigations that provide the community 
of lighting users with information on the impact of advanced lighting technologies on man, 
machinery, and the environment. 

The program supports research and development leading to the effective employment of 
illumination. This includes long-term efforts to develop more efficient light sources as well as 
to provide the means of on-site control of those light sources. In addition, a series of funda
mental experiments is being conducted that relates lighting to visibility, health, and produc
tivity in order to assure the effectiveness of lighting strategies. 

The Lighting Program combines the facilities and faculties of LBL with those of the UC 
College of Environmental Design, School of Optometry, and School of Medicine. It is a 
unique program in the U.S., with its results directed toward enhancing the long-term viability 
of the lighting community. 

(51) Efficient Lighting on Naval Ships 
($50 K) 

R. Verderber 

Two generations of lighting systems have been developed to increase the efficacy of light
ing on board ships from 46 lumens/watt (lmjW) to 66 lmjW. The new systems also increase 
the power factor, reducing line current from 0.377 amperes to 0.174 amperes. The first
generation system is now being qualified for use on new ships. We anticipate the second gen
eration to be in use in 1989. The third generation is a system approach to employ a high
frequency system that is more efficient and cost effective than the single solid-state ballast con
cept. The system converts the 3-phase 60 Hz current to de via a fullwave rectifier. The de is 
distributed to the lighting, where at each lamp is a single oscillator circuit converting the de to 
high-frequency ac. This system will have no third harmonic and exceeds a system efficacy of 
82 lmjW. The distributed current is 0.099 amperes. This new system permits the design of a 
simple emergency lighting system. The 56% reduction in power will reduce the needs of 
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generating capacity for lighting. The large drop in line current will reduce the size of electrical 
cables for the lighting system. 

F. Indoor Environment 

(52) Characterization of Airborne Radon Concentrations 
($428 K) 

A.V. Nero 

This project strives to characterize the indoor exposure to radon progeny. This exposure, 
which contributes almost half the dose equivalent to the public that is attributed to naturally 
occurring radionuclides, has been estimated to account for 1,000 to 20,000 lung cancers per 
year in the United States. Because concentrations span a wide range of values (three orders of 
magnitude), measures to limit public exposure can be devised most effectively if the factors 
leading to high concentrations are known. 

We are investigating the major factors affecting variability through laboratory and field 
studies. These include radon sources, transport processes, building design and operation, and 
radon progeny behavior indoors. By surveying radon emanation rates from concrete and other 
building materials and by measuring radon entry rates in many U.S. houses, including inten
sive monitoring in a few, we have demonstrated (1) that soil is the predominant source of 
radon in U.S. housing, and (2) that transport of radon from soil into houses is driven pri
marily by pressure differentials rather than by molecular diffusion. We are continuing a 
vigorous effort studying soil as a source of indoor radon. 

The main goals of this work are to identify areas and circumstances in which buildings 
are likely to contain excessive levels of radon progeny and to design control techniques to 
prevent radon entry. Our investigations of radon progeny behavior will continue to assess the 
roles of particulate matter and air movement on indoor concentrations. In this case the goals 
are to provide fundamental information necessary to assess the health risk of indoor exposures 
and to develop effective air-cleaning control techniques. 

(53) Air Pollutant Exposures in Buildings 
($200 K) 

A.V. Nero 

The purpose of this work is to characterize indoor exposure to air pollutants and assess 
their health implications. A specific focus of this work is pollutant exposures and health 
effects that may be associated with reductions in ventilation intended to decrease energy use in 
buildings. Work on combustion emissions emphasizes characterization studies that provide a 
basis for understanding exposure types and ranges and has included detailed characterization 
of the emissions from various indoor combustion appliances. 

~ 

The work on radon has resulted in estimates ofthe lung cancer incidence associated with 
indoor exposures and of the increases that might be associated with energy-saving measures. 
Research on organics emphasizes classification of pollutants and exposure conditions in a way 
that is suitable for exposure estimation and health risk assessment. A broad, near-term goal of 
this study is to utilize the information so far developed to assemble a comprehensive picture 
of current exposures and estimated health effects and to design future exposure and health stu
dies, including survey efforts, needed to complete this picture. 
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A.V. Nero, 
R. Sextro 

This project conducts research in the following areas: I) characterization of radon entry 
and removal with a focus on soil as the predominant source of indoor radon, including labora
tory and field-based examinations of radon transport processes; 2) development of methods for 
estimating the radon potential geographic areas based primarily on available data on soil 
characteristics, building types, and meteorological variables; 3) investigation of radon progeny 
behavior in indoor environments including the roles of particulate matter and air movement 
on indoor concentrations, in order to provide fundamental information necessary to assess the 
health risk of indoor exposures; and 4) analysis and assessment of other data from various 
sources that may, with additional analysis or in combination with other data, augment or 
guide these studies. 

(55) Effectiveness of Small Air Cleaners on Gaseous Pollutants 
($50 K) 

J. Daisey 

This study will determine the effectiveness of the use of-small (desk-top or console size) 
air cleaners as a mitigation strategy for the control of gas-phase pollutants. Such devices are 
finding increasing use in homes and offices but their effectiveness for improving indoor air 
quality is unknown. 

A static mixture of five volatile organic compounds and nitrogen dioxide, each at sub
ppm levels, will be prepared in our 20-m3 environmental chamber and the removal rates for 
four air cleaners will be determined. Sampling and analysis will be accomplished through the 
use of an automated, portable gas chromatograph/photo-ionization detector that may be sup
plemented for our multisorbent sampler and gas chromatograph/mass spectrometric analysis 
for trace analysis of possible reactive products. 

(56) Measurement of Volatile Organic Compounds 
in Federal Buildings 
($20 K) 

J. Daisey 

The purpose of this project is to identify and measure the concentration of volatile 
organic compounds present in specific commercial buildings owned and/or operated by the 
Federal 'Government. Volatile organic compounds (VOC) found in the indoor air are fre
quently implicated as causative agents for occupant irritations in commercial office buildings. 
These phenomena, referred to·· as the "Sick Building Syndrome," occur most often in new 
office buildings. Little information currently exists about the behavior of VOC in buildings 
over time as their sources age, or about changes in VOC concentrations with changes in venti
lation rates. 

This project will provide sampling design information and sample analysis of volatile 
organic compounds collected in the GSA BPA headquarters building in Portland, Oregon for 
one year. 

(57) Ventilation and Indoor Air Quality 
($851 K) 

D. Grimsrud, 
A.V. Nero 

Approximately 38% of the energy consumed annually in the U.S. is used in buildings; a 
substantial portion of that is used to condition and distribute ventilation air. This project 
investigates ways of reducing energy consumption through research in the following areas: 
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1. Laboratory and field measurements of radon source strengths and concentrations are 
being conducted. The sources of radon are being characterized, radon progeny 
behavior is being studied, and energy-efficient techniques to reduce excess concentra
tions of radon in houses are being developed. 

2. The interactions among the organic compounds in the indoor air and the environ
mental parameters that affect their emission and removal are being studied. Meas
urement and energy-efficient mitigation techniques are explored as necessary. 

3. The variables that determine the total exposure to pollutants in the indoor environ
ment are being investigated. A macro-exposure model is being developed to predict 
indoor air pollution levels on a national or regional basis, and instrumentation to 
facilitate national or regional surveys of indoor air pollution are being developed. In 
connection with these projects, a data base of field measurements of pollutant expo
sures has been developed and is being maintained. 

4. Energy-efficient ventilation· strategies for residences and commercial buildings are 
being investigated, and pollutant-specific techniques to reduce concentrations of pol
lutants in buildings are being developed. 

(58) Investigation of the Operational Characteristics of Radon 
Mitigation Techniques 
($90 K) 

D. Grimsrud, 
R. Sextro 

Recent discoveries of residential buildings with high indoor radon concentrations have 
stimulated an interest in techniques to reduce indoor radon concentrations. A variety of miti
gation measures have been proposed, and a number have been deployed in houses with high 
radon levels. Most of these techniques focus on reducing radon entry from soils through 
cracks or other penetrations in the building substructure, either by passive (sealing penetra
tions) or active means (sub-slab depressurization, basement overpressurization, venting con
crete block cavities). Most of the work to date has focused on finding and deploying tech
niques that appear to reduce concentrations, but without any fundamental understanding of 
the detailed physical principals underlying the effect of these measures on radon entry. In a 
number of cases, the effectiveness of some mitigation techniques has declined with the advent 
of cold weather and changes in house operating procedures. 

This project will investigate the operational characteristics of a selected set of mitigation 
techniques in order to elucidate the ranges of key parameters that affect the efficacy of these 
techniques. Detailed measurements of house, soil, and meterological characteristics will be 
conducted in approximately six houses with high radon concentrations. In addition, we will 
apply our recently developed techniques for characterizing the pressure and flow fields in the 
soil adjacent to buildings. Following determination of baseline values for the parameters, miti
gation measures will be deployed and the parameters remeasured. Changes in these parame
ters will be followed as functions of operating conditions (for active mitigation measures) and 
as functions of meterological variables. This work will extend our understanding of the funda
mentals of soil gas flow and radon entry into buildings as well as provide useful diagnostics for 
mitigation measures currently in use. 

(59) Evaluation of Soil Gas Transport of Organic Chemicals into 
Residential Buildings 
($96 K) 

D. Grimsrud, 
R. Sextro 

Exposure to toxic chemicals is gaining recognition as an important human health con
cern; a number of state and federal programs are directed toward reducing or eliminating these 
exposures. Much of the concern has focused on toxic chemical contamination of water, and to 
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some extent, on exposure through direct contact with contaminated materials or through out
door air. Since concentrations of some contaminants in the indoor air are higher than out
doors, the indoor air has to be considered an important pathway for human exposure to toxics. 

One important indoor pollutant, radon, comes not from sources within buildings but 
rather from the soil in contact with the building shell. Radon produced in the soil by decay of 
radium is transported by bulk flow of the soil gas into the building shell. Recent observations 
in southern California suggest that similar processes may be important in the transport of 
organic chemicals from toxic waste sites into houses. This project will examine the migration 
of soil gas through the soil into substructures and the distribution of soil-gas-borne contam
inants in the structure. 

(60) California Indoor Air Quality Review 
($40 K) 

D. Grimsrud 

The Pacific Gas & Electric Company (PG&E) is concerned about the effects of conserva
tion measures and related services on indoor air quality (IAQ) in residential and commercial 
buildings. This study will identify energy conservation and customer-service-related IAQ 
issues in the PG&E service area and define possible research options for PG&E to address 
these issues. 

The scope of the project is as follows: 

1. Define the state of present information about IAQ relevant to the PG&E service ter
ritory. 

2. Identify and evaluate PG&E programs that may impact IAQ. 

3. Discuss potential legal issues for PG&E. 

4. Describe options and their impacts on PG&E and on rate payers for PG&E con
sideration. · 

5. Include a bibliography of appropriate literature. 

6. Provide a list of existing IAQ expertise and activities in California. 

(61) Exhaust Air Heat Pump Study 
($138 K) 

D. Grimsrud 

Mechanical exhaust ventilation of residential buildings, with recovery of heat from the 
exhausted air (using a small heat pump) and transfer of this heat to the domestic hot water, is 
being studied. The work is divided into three phases. Phase I includes a broad preliminary 
assessment of this technology and laboratory evaluations of three exhaust-ventilation/heat
recovery systems. Phase 2 is an intensive field study conducted in three exhaust-ventilated 
residences that incorporates measurements of energy performance, ventilation rates, air distri
bution patterns, and radon concentrations. In Phase 3, a computer simulation of exhaust 
ventilation/heat recovery systems will be upgraded based on the results of Phases 1 and 2, and 
a comprehensive computer evaluation of the usage of this technology in the Pacific Northwest 
will be performed. 
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D. Grimsrud, 
G. Traynor 

This project will develop and validate a macromodel assessing indoor exposures to 
combustion pollutants. They will conduct sensitivity analyses of the effect of model parame
ters on model results, thus identifying important parameters requiring further quantification to 
improve the model's usefulness. In addition, the combustion-appliance usage part of the 
model will be validated on a small scale in the field. 

(63) Combustion Pollution Exposure Study 
($50 K) 

D. Grimsrud 

Current indoor pollutant exposure models are not usable for developing a combustion
pollutant exposure distribution for the U.S. population. This effort collects national informa
tion on critical inputs to a proposed national exposure model being developed. For example, 
information on market penetrations of combustion appliances and the U.S. housing stock will 
be collected and compiled for use in the indoor exposure model. Part of the data collecting 
will be done at other institutions, but will be coordinated with and/or managed from Lawrence 
Berkeley Laboratory. 

(64) Concentration of Indoor Pollutants Data Base 
($70 K) 

D. Grimsrud 

Exposure to pollutant concentrations in buildings is emerging as a major component of 
the population's total exposure to air pollutants. As this is recognized, the need for more 
information about indoor air quality increases. This need is supported by research and field 
measurement; it is also supported by collecting and organizing existing measured data. 

This project is designed to gather published and unpublished research results and organ
ize them into a data base that is openly accessible to a wide audience of researchers, policy 
makers, utilities, and others interested in the issue of indoor air quality. The existence of an 
accessible source of measured data will serve as a resource for agencies and trade organizations 
engaged in providing guidelines and for state and local government agencies responsible for 
establishing building and ventilation standards. 

( 65) Infiltration, Energy Retrofits, and Monitoring 
($843 K) 

M. Sherman 

This project investigates ways of increasing energy efficiency by tightening building struc
tures and reducing thermal losses. The work includes (I) assessing thermal performance of 
building envelope systems, (2) assessing infiltration sources in buildings, (3) disseminating 
research findings and maintaining exchange programs for scientists and technical experts, 
(4) developing residential energy audits, (5) developing systems for monitoring whole-building 
performance, (6) investigating the interactions between ventilation, infiltration, and indoor air 
quality, and (7) monitoring the efficiency of equipment, appliances, and distribution systems. 
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BIOLOGY AND MEDICINE DIVISION 

P. Silverman, Division Head (Acting) 

(1) Experimental Medicine: Clinical 
($340 K) 

A. Medicine 

BMD 

T.F. Budinger 

The objective of this program is to develop high-resolution positron emission tomography 
(PET) and single-photon tomography procedures for making noninvasive measurement of bio
logical functions of the brain and heart in man. The objectives include studies of athero
sclerosis, including heart blood flow and energy metabolism studies; the investigation of the 
physiological basis of brain disorders, including Alzheimer's disease and schizophrenia; and the 
evaluation of the effects of radiation on the central nervous system. 

Radionuclides are used in conjunction with tomographic instrumentation perfected at this 
Laboratory to quantitate specific metabolic functions, including metabolism of sugars and 
amino acids, and receptor site activity. Sequential changes in activity are measured, and phy
siological models are used to deduce parameters which reflect transport and metabolism. Our 
methods include nuclear and organic chemistry, tomographic imaging procedures, autoradiogra
phy, and advanced computer kinetic modeling. 

A major accomplishment has been the first human study on the Donner 600-Crystal Posi
tron Tomograph that demonstrated the ability to delineate structures 2-3 mm in size using 
18FDG. Other recent accomplishments include perfection of a noninvasive technique for 
measuring heart muscle blood flow; discovery of metabolism defects in Alzheimer's disease; 
and development of a new· technique for positron emission tomography kinetic data analysis. 

A major new emphasis of this program is research into the state of metabolism and oxyge
nation of human tumors, using whole-body and head-imaging PET instrumentation developed 
at LBL. Functional PET imaging with tumor specific compounds and the LBL 600-crystal, 
high-resolution tomograph has the potential for demonstrating islands of tumor that cannot be 
resolved by CT or NMR imaging. 

(2) Cardiovascular Flow and Metabolism 
($1016 K) 

T.F. Budinger 

The major underlying theme of this program project is the perfection of methods for the 
detection and characterization of atherosclerosis and the evaluation of heart and brain using 
noninvasive positron emission tomography and NMR methods. The biological and medical 
issues of major focus are the following. 

1. Early detection of coronary artery disease by noninvasive methods, 

2. Noninvasive sizing of the volume of infarcted and ischemic tissues, 

3. Evaluation of the metabolism of the compromised and normal myocardium, 

4. Noninvasive methods for determining the composition of atheromata, 

5. Evaluation of the biological and compositional properties of the arterial wall in nor
mal and diseased states using radioactive tracer methods and NMR proton imaging, 
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6. Investigation of glycogen and lipid composition of skeletal muscle and the liver of 
patient groups with various lipoprotein patterns, 

7. Assessment of the response of ischemic brain disease to surgical and medical treat
ment, 

8. Development of a proton NMR imaging method to ascertain the distribution of adi
pose tissue and its change with diet and exercise, and 

9. Evaluation of effects on the cardiovascular system of very rapid field changes and very 
high fields (over 4 T) anticipated for the near future. ' 

The program will include radiopharmaceutical development; new instrumentation, data 
acquisition, and analyses in positron emission tomography and in NMR; and investigations of 
the efficacy of hyperbaric oxygen and of fluorocarbons in the treatment of ischemic brain 
disease. 

(3) Cerebral Blood Flow Patterns in Alzheimer's Disease 
($364 K) 

T.F. Budinger 

A study on whether regional cerebral blood flow (rCBF) imaging will give the same pat
tern of abnormalities in the brain as has been demonstrated by fluorodeoxyglucose (FDG) posi
tron emission tomography (PET) studies in patients with Alzheimer-type dementia (A TD). 
PET studies will use the Donner 280-crystal tomograph and a new Donner 600-crystal (2.5-mm 
resolution) tomograph with 150-water to measure rCBF, 150 2 for oxygen utilization and 18F
FDG to measure metabolism. Single-photon emission-computed tomography (SPECT) studies 
will also be performed using a modification of the Harvard multidetector system and 1231-N
isopropyl-p-iodoamphetamine (IMP) to study rCBF. NMR imaging studies will be included. 
Subjects will be selected according to rigorous medical and neuropsychological research criteria 
and will include both familial and sporadic A TD. Since many subjects will be part of ongoing 
dementia research using PET to study brain metabolism, a high rate of follow-up with low attri
tion is predicted, and a high rate of autopsy correlation is likely. High-voltage microscopy and 
in vitro NMR spectroscopy will be included in the necropsy. 

(4) Cardiovascular Flow and Metabolism (Training Grant) 
($90 K) 

T.F. Budinger 

This is a program for training physicians, physicists, chemists, and biologists in pre- and 
postdoctoral categories in the techniques appropriate for cardiovascular research using 
advanced instrumentation techniques, radiopharmaceuticals, and analytical methods. 

Physicians and physiologists will gain a foundation in applied physics, and mathemati
cians and physicists will acquire sufficient background in physiology and medicine to enable 
them to engage in independent or team research involving methods of diagnosis and investiga
tion used in cardiovascular research. Upon completion of this program, trainees will be able to 
initiate independent research inquiries or join research teams where their newly acquired skills 
are of vital need, e.g., nuclear magnetic resonance imaging, microsphere circulation studies, 
autoradiography, and electron microscopy. Physicians will have acquired sufficient academic 
exposure and research indoctrination to qualify for academic or research staff positions in med
ical schools. 

The methods of training include a tutorial scheme in which concentration during the ini
tial six months is distributed in the following areas: basic medical physics and applied chemis
try; gamma counting and spectroscopy; nuclear-medicine instrumentation for imaging; NMR 
imaging instrumentation; positron emission tomography; ultra-sound iniaging; radio-
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immunoassay; radiopharmaceutical preparation using short-half-life isotopes; autoradiography; 
microsphere circulation techniques; computer methods for kinetic analysis and three
dimensional reconstruction; animal surgery; and clinical cardiology, lipidology, and hematology. 
After this initial six months, independent projects are assigned and formal classwork is arranged 
according to the needs of the individual. The research project will be part of a team effort so 
that the trainee will have continuous interaction with other trainees and more than one precep
tor. 

(5) Treatment of Cancer with Heavy Charged Particles 
($2333 K) 

J.R. Castro 

This research project will continue the study of heavy charged particles such as helium, 
carbon, neon, and silicon ions in the treatment of human cancers. The physical parameters of 
protons and helium ions permit precision-charged particle radiation therapy to be delivered, 
resulting in highly significant clinical advances in the treatment of tumors lying close to critical 
structures such as the spinal cord or brain or in the eye. 

It is expected that added clinical gains will be achieved through further research and 
development of treatment techniques and indications for therapy with heavy charged particles. 
Incorporation of the better dose localization properties of heavier particles such as carbon ions 
into radiotherapy may be important for certain tumor sites. Neon and silicon ions, in addition 
to their localized dose deposition, offer greater biological effectiveness because of their higher 
LET leading to greater tumor control in selected tumors. 

Important new developments in beam delivery, including magnetically spread beams, 
raster-scanning, and modification of the injector for the Bevatron, should lead to more effective 
and efficient therapy. The use of positron emission scanning and magnetic resonance scanning 
will assist in evaluation of effects of heavy-charged particle therapy. Radioactive Bragg peak 
positron analysis will assist in localization of the particle stopping region in the patient. 

(6) Positron Three-Dimensional Imaging Instrument 
($172 K) 

S.E. Derenzo 

The objective of this project is the development of advanced detector concepts for the 
imaging of positron-labeled tracers in man and animals with substantial improvements in spa
tial and temporal resolution. Our tomograph design approach is to encircle the patient with 
multiple rings of detectors having good detection efficiency and spatial resolution, to reject mul
tiple crystal interactions, and to use many parallel, high-speed circuits for high maximum event 
rates. 

Experimental investigations include determination of developments needed to obtain the 
maximum potential of the Donner 600-crystal single-layer, 2.5-mm resolution positron tomo
graph; development of practical detector concepts for multilayer, high-resolution tomography; 
and a search for new, fast, efficient scintillation materials. New techniques developed in this 
work will be applicable to improving medical tomographs built throughout the world. 

(7) Vascular and Blood Diseases 
($290 K) 

S.N. Ebbe 

The application of positron emission tomography (PET) for imaging lesions in blood 
vessel walls will be evaluated. Substances that react with the diseased vessel wall will be identi
fied and labeled with radioisotopes. Blood platelets have been labeled with radioisotopes of gal
lium and shown to have normal viability; they appear to adhere to deendothelialized arterial 
walls. Adherence of labeled platelets to atherosclerotic vessels will be tested. Low-density 
lipopr~tein (LDL) has been prepared and labeled directly with radioisotopes of iodine with 
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tyramine cellobiose (TC). In normal or hypercholesterolemic subjects, TC-LDL was the prefer
able tracer. Biological models of vascular diseases will be evaluated for associated abnormali
ties to identify other agents for radiolabeling. Subjects with atherosclerosis due to dietary 
hypercholesterolemia have abnormalities of blood platelet morphology, kinetics, and chemistry, 
and are hyperreactive in vitro. The biochemical basis for their hyperreactivity will be deter
mined, and function in vivo will be tested. 

Interrelationships between megakaryocytes and bone marrow stromal cells will be 
evaluated to determine how platelet production is regulated and how megakaryocytes or pla
telets influence marrow stroma. It has been found that thrombocytopenic plasma directly 
induced cytoplasmic fragmentation of mature megakaryocytes. The associated metabolic effects 
will be determined. Findings with fresh and cultured bone marrow from subjects with geneti
cally abnormal marrow stroma suggest that marrow stromal cells regulate megakaryocyte size 
and ploidy. By comparison with the megakaryocytes of thrombocytopenic subjects, they also 
suggest that bone marrow stromal cells may normally regulate megakaryocytopoiesis. Long
term bone marrow cultures will be evaluated for the presence of inhibitory or stimulatory 
growth factors. 

(8) Molecular Biology of Hemopoiesis 
($136 K) 

S.N. Ebbe 

The purpose of this project is to establish collaborative research projects between hematol
ogists and molecular biologists. The goal is to understand the cellular bases of regulation of 
proliferation and differentiation of normal hemopoietic cells as they develop in vivo, using 
molecular virology techniques. The research involved in the achievement of this goal is inno
vative but feasible. It requires new laboratory skills and new bodies of scientific knowledge. 
This project permits us to take advantage of the unequaled set of circumstances that prevail at 
LBL: interested and committed investigators with expertise in the required areas, ongoing com
plementary research projects, and geographically proximate laboratory space and facilities. 

(9) Effects of Heavy-Particle Radiation 
($448 K) 

J .I. Fabrikant 

Objectives. The objective is to examine the physical properties of focal beams of heavy
charged particles (e.g., He, C, Ne) and cellular and metabolic effects of irradiation in mam
malian brain, including regulatory control mechanisms, sites of DNA damage, cellular prolifera
tion and differentiation, the process of myelination and myelin maintenance, and regional cere
bral blood flow dynamics. 

Rationale: Narrow beams of heavy charged particles are used as neuroscience probes to 
perturb the composition and metabolism of specific brain cells and cell populations and to 
examine physical properties (e.g., RBE/LET relationships, DNA injury and repair, cellular 
response and cell population kinetics) in relation to induction of CNS damage at various sites. 

Experimental Approach. Physical studies of narrow heavy-charged-particle beams investi
gate beam quality, beam straggling, multiple scattering, and fragmentation; biophysical studies 
examine DNA damage and repair in viral, neuronal/neuroglial, and capillary endothelial DNA, 
using quantitative fluorescent/microphotometric and optical nuclear track detector techniques, 
and RBE/LET relationships; biological studies examine brain cell response and cell population 
kinetics using quantitative histological techniques combined with high-resolution autoradiogra
phy and the process of myelination and myelin maintenance in vitro in isolated populations of 

. mammalian oligodendrocytes; physiologic investigations examine anatomic, metabolic, and 
hemodynamic responses in mammalian brain and in humans using quantitative neuroradiolo
gic, nuclear medicine, and computer science procedures (Xe-CT, cine-CT, MRI, MR spectros
copy, and PET). 
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Significance. Narrow beams of heavy charged particles are used as neuroscience probes to 
investigate physical characteristics and neurobiological responses, damage and repair, in mam
malian brain; develop and apply nuclear medicine procedures for investigating cellular and 
metabolic events, and thus management, of human neurological disease. 

Future Directions. The program will continue to investigate physical properties of narrow 
heavy-charged particle beams; examine DNA damage and repair in defined systems related to 
brain cell and tissue response; investigate cellular proliferation and differentiation and processes 
of myelination and maintenance of myelin; examine neuroanatomic, biochemical, and hemo
dynamic response to heavy-charged particle irradiation in human brain using MRI imaging and 
MR spectroscopy and quantitative radioisotope imaging; clinical application of heavier charged 
particle beams at the Bevalac for stereotactic Bragg peak radiosurgery of life-threatening intra
cranial vascular disorders and brain tumors. 

(10) Heavy-Ion Radiosurgery 
($315K) 

J.I. Fabrikant 

Objective. To perfect stereotactic heavy-charged particle Bragg peak radiosurgery at the 
Synchrocyclotron and Bevalac for the treatment of life-threatening brain disorders, including 
intracranial arteriovenous malformations (A VMs) and brain tumors in man; to develop nonin
vasive nuclear medicine procedures to investigate CNS tissue x-ray computerized tomography 
(CT), cine-CT, xenon-enhanced CT, magnetic resonance imaging (MRI) and spectroscopy 
(MRS), and positron emission tomography (PET); to examine physical properties of narrow 
heavy-charged partic!e beams for improving dose delivery and dose distribution and for estab
lishing clinical RBE/LET and dose-effect relationships for human CNS tissues. 

Rationale. Narrow beams of heavy charged particles (e.g., He, C, Ne) demonstrate supe
rior physical and biological properties in brain over x rays, gamma rays, and protons, including 
improved dose distribution in the Bragg peak, sharp lateral, and distal borders, less multiple 
scattering and range straggling for the same residual range in tissue, thereby providing a poten
tial method for irradiating precisely-defined intracranial target with minimal or no effect on 
nearby critical brain structures. 

Experimental Approach. Interactive, three-dimensional heavy-charged-particle treatment 
planning, quantitative imaging with stereotactic neuroradiological procedures (MRI, MRS, CT, 
Xe-CT, cine-CT, PET). 

Progress. 250 intracranial A VM patients evaluated and treated, with 25% cured, and over 
85% afforded protection against further intracranial hemorrhage; MRI, Xe-CT, cine-CT, and 
PET correlated with cerebral angiography and CT in selected patients; extensive data base, clin
ical and neuroradiological follow-up; three-dimensional treatment planning derived from com
puter analysis of stereotactic cerebral angiography. CT and MRI study of regional (cerebral) 
blood flow perfusion dynamics and response to focal heavy-ion irradiation in about 70 patients 
(collaboration with UCSF and Stanford medical schools). 

Significance. Nuclear medicine research for diagnosis and radiosurgical treatment of life
threatening brain disorders affecting over I million Americans; stereotactic heavy-charged parti
cle radiosurgery obliterates intracranial A VMs or protects against brain hemorrhage, and des
troys small brain tumors (e.~., pituitary tumors) with decreased morbidity and mortality. 

Future Directions. Modify and improve radiosurgical procedures with greater precision 
and efficacy for technology transfer; continue study of pathophysiological changes and quantify 
brain tissue response and alteration of cerebral blood flow dynamics following irradiation using 
state-of-the-art nuclear medicine imaging procedures; perfect procedures using improved physi
cal properties of heavier charged particles at the Bevalac. 
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(11) Scatter Compensation in Emi~sion Tomography 
($125 K) 

R.H. Huesman 

Scattered photons, which carry false information and make a large contribution to noise in .. 
emission tomography, can constitute as much as 50% of the total events collected, depending 
on the construction of the imaging instrument. This contribution is not uniform in the major
ity of situations and will necessarily lead to erroneous interpretation of data when quantitative 
results are sought. Whereas some simple computational schemes have provided methods for 
removing the majority of scatter background in positron emission tomographs for head imag
ing. These methods are not applicable to the general problem of variable attenuation coeffi
cient or to recent tomographic designs that seek to minimize interplane shielding in order to 
collect a greater solid angle of coincidence data. 

This research is concerned with removal of the scatter contribution and the optimization 
of single and positron emission tomographic shielding and detector configurations. Our 
methods rely on rigorous Monte Carlo simulations that use the Klein-Nishina collision cross 
sections in a flexible computing architecture. An essential tool that has been developed for this 
application allows for variable attenuation and tracks the trajectories bf photons in three 
dimensions. Using these Monte Carlo methods the scatter background will be characterized for 
general cases of distributed sources and scattering media. 

Recent progress in this program has included the development of a new method of 
transmission data acquisition and characterization of the effects of crystal penetration in posi
tron tomography. 

The expected benefits of this research are an efficient algorithm for removal of scatter con
tributions by iterative schemes or deconvolution methods. The results of these calculations can 
also be used to improve multilayered tomographic designs. 

(12) Charged-Particle Beam Dosimetry Task Group: 
Dosimetry Protocol 
($35 K) 

J.T. Lyman 

The object of this project is to identify and find solutions to those problems in basic phy
sics, dosimetry, and clinical applications associated with the use of charged-particle beams in 
the treatment of human cancer. This will be accomplished by collaborative efforts among phy
sicists who are actively working on projects where patients are already being treated with 
charged-particle beams or where serious efforts are underway to develop such projects. Particu
lar attention will be given to those investigations that will provide techniques, data, and infor
mation that solve problems common to all charged-particle therapy facilities, regardless of the 
particle employed, and for which funding is not available through other institutional grants. 

We will 

(1) Carry out intercomparisons with the charged-particle calorimeter and tissue-equivalent 
ionization chambers at the currently active charged-particle (pions, protons, helium 
and heavier ions) therapy facilities. 

(2) Establish, in a consistent manner, a measure of the radiation quality of the various 
heavy-charged-particle therapy beams that will aid in interpretation of the intercom
parisons of dosimetry, treatment planning, and of the biological and clinical results. 

(3) Develop a charged-particle beam dosimetry protocol that will serve as a standardizing 
document for all charged-particle therapy facilities and as a guide to agencies that may 
oversee the quality control of charged-particle clinical trials. 
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(13) 1221 Blood Flow and Blood Volume Agents 
for PET Studies 
($272 K) 

BMD 

C.A. Mathis 

We are working to synthesize and evaluate 122I-labeled amphetamine and tryptamine 
derivatives for use as regional cerebral blood flow (rCBF) agents with positron emission tomog
raphy (PET). Iodine-122 is a short-lived (t1H 3.6 min) positron emitter obtained from a genera
tor system by the decay of the longer-lived 2Xe parent (t1 2 20.1 h). 131 I-labeled amphetamine 
and tryptamine analogues will be evaluated to determine t~e brain uptake and retention of the 
radiolabel as well as its biodistribution in other organs. Those compounds that show high brain 
uptake [approx 3% of the injected dose (ID)], good retention in the brain (less than 10% loss 
over 30 min), and low lung uptake (less than 10% ID at 2 min) will be labeled with 122I for 
dynamic PET studies in the Donner 280-crystal tomograph (8-mm resolution) and the new 
600-crystal tomograph (2.5-4 mm resolution). Compounds whose PET studies demonstrate 
cerebral/extracerebral activity concentration ratios of more than 7: l; long-term retention in 
brain tissue (less than 5% loss in 20 min); good grey-to-white matter distinction; and high brain 
uptake (approx 5% ID in the whole brain) will be further critically evaluated as rCBF agents. 

Three radioiodinated amphetamine analogues that showed· promise in previous studies 
(the 4-iodo-N,N-dimethyl-, 2-iodo3,5-dimethoxy-N,N-dimethyland 3-iodo-2,6-dimethoxy-N,N
dimethyhimphetamines) will be carefully evaluated to assess their potential as rCBF agents. 
These studies will include quantitation of the radiolabeled metabolic products in the blood fol
lowing injection of the tracer; determination of radiotracer first pass cerebral extraction; quanti
tation radiotracer efflux rate from the brain; and comparison of rCBF measured by the 
radioiodinated compound to that measured by microspheres in the same brain tissue. 

Studies will be undertaken to rapidly label albumin with 122I for use as a regional cerebral 
blood volume (rCBV) agent. The in vivo metabolic stability of radioiodinated albumin will be 
determined; and rCBV measurements will be made utilizing the 280 and 600-crystal tomo
graphs. 122I-Iodoalbumin used with 122I-labeled flow agents will permit combined rCBV and 
rCBF measurements in the same subject at closely spaced time intervals. 

(14) Metabolism in Brain Disorders 
($146 K) 

T. W. Sargent 

This program focuses on noninvasive radioisotope methods for study of the major human 
mental disorders of schizophrenia, affective disorders, and Alzheimer's dementia, utilizing posi
tron emission tomography (PET), carbon-14 respirometry, and chromatography. These chronic 
and debilitating brain disorders affect a large fraction of our population, and we are seeking 
biochemical causes as well as clinically useful new techniques to provide better understanding 
and diagnosis. We have developed new radiopharmaceuticals that are the first extracted tracers 
for measuring regional cerebral blood flow (rCBF) with PET. These agents are labeled with 
3.6-min iodine-122, which is extracted from its parent 20-h xenon-122 in a generator system 
developed by our group. Images of rCBF can be obtained at 30 min intervals and compared to 
immediately following metabolic images with 18-FDG. 

We have evaluated a series of positional isomers of iodo-dimethoxy-N,N-dimethyl amphe
tamine (IDNNA) for efficency of labeling, extraction by brain, and metabolic rates in patients 
with mental disorders, radiation necrosis, and stroke. We are continuing to acquire evidence 
for an abnormality of methyl metabolism as a primary defect in schizophrenia and affective 
disorders, by measuring the appearance of labeled methyl metabolites after administration of 
[
14C-methyl] methionine to patients. Metabolites are separated from plasma by high perfor
mance liquid chromatography, and expired 14C02 is measured by ion chamber respirometry. 
In a collaboration with the National Institute of Mental Health, we have prepared a new seroto
nin receptor agent at high specific activity with 125I for autoradiographic binding studies, which 
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we can convert to positron-emitting radiopharmaceuticals for human in vivo studies of schizo
phrenia. 

(15) PET Brain Blood Flow in Depression and Alzheimer's Disease 
($181 K) 

T.W. Sargent 

The aim of this project is to study regional cerebral blood flow (rCBF) in Alzheimer's 
dementia (AD) and to relate rCBF to regional cerebral metabolic rate for glucose (rCMR) with 
positron emission tomography (PET) using our new 2.5-mm resolution PET system. Recently, 
a xenon-122 (tl/2 20 h) generator was built, which provides positron-emitting iodine-122 (t

112 
3.6 min) used tor PET rCBF studies. The xenon-122 can be shipped from a distant cyclotron 
to provide iodine-122 regularly for several days. A new iodinated iodine-122 amphetamine 
(IDNNA) was developed, and it is an extracted rCBF tracer. This will be validated by com
parison to labeled microspheres in animals. In our laboratory we have found marked parietal
temporal deficits of rCMR in AD, using fluorine-18 fluorodeoxyglucose (FDG): With iodine-
122 IDNNA a rCBF measurement can be followed in 20 min by fluorine-18 FDG to measure 
rCMR in the same patient. 

We are studying rCBF and rCMR in patients with these disorders, to determine whether 
these two functions are coupled in the affected brain areas. If they are coupled, the previously 
observed rCMR changes can also be measured using the much faster and simpler iodine-122 
IDNNA rCBF tracer. If they are not coupled, this will provide important data on the neuro
physiology of AD. By studying AD patients at varying stages of the disease, we will test the 
hypothesis derived from work of others that the parieto-temporal hypometabolism may be 
caused by a cholinergically mediated deficit in rCBR. The new 2.5-mm resolution PET 
machine will enable us to look for changes in rCMR and rCBF with much finer detail than pre
viously possible. This new rCBF tracer has potential for research applications in which it may 
be juxtaposed to tracer studies of other brain functions with PET to provide concomitant brain 
blood flow information. 

(16) Experimental Medicine Development 
($220 K) 

Y. Yano 

This work covers the development of radionuclides for medical imaging purposes. Our 
objective is to develop methods for the production of radioisotopes and for the labeling of 
biochemical substrates to investigate human physiology and metabolism noninvasively by 
emission computed tomography (ECT). 

Radiolabeled biochemicals follow similar metabolic and flow pathways as naturally occur
ring compounds and permit quantitating moment-to-moment changes in concentrati.on of the 
radiotracer in normals compared to diseased states. 

Our approach is to develop radioisotope generators and the cyclotron production of 11 C, 
1 ~N, 150, 18F, and 75Br for incorporation into biochemical compounds. Generator development 
requires production of the long-lived parent radioisotope, studies of the ion exchange properties 
of organic and inorganic adsorbers, and elution parameters with physiological solutions. 

Cyclotron production involves target development to meet the requirements of high pres
sure, high temperature, remote operation of gas flow targets, high chemical and isotopic purity 
of target materials, and radiochemical and radionuclidic analyses. Labeling chemistry requires 
development of rapid and remotely controlled chemical and enzymatic synthesis including 
microprocessor automation. 

We are producing 20-100 mCi of radiolabeled amino acids, fatty acids, glucose analogues, 
and water for ECT studies of flow and metabolism in the brain and heart. 
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Generators provide 82Rb for myocardial blood flow and blood-brain barrier permeability 
studies; 1221-labeled amphetamine analogs for brain blood flow studies; and 68Ga-labeled pla
telets, porphyrins, lipoproteins, and monoclonal antibodies to study cardiovascular disease and 
cancer. 

The radiolabeling of receptor-specific ligands is also under development. 

B. Radiation Biology and Biophysics 

(17) Murine Bone-Marrow Damage Produced by Charged Particles 
($120 K) 

E.J. Ainsworth 

Personnel in space will be subjected to a complex radiation environment consisting of 
trapped electrons, protons, alpha particles, and heavy charged particles. Orbit and inclination 
influence greatly the external radiation environment in which the spacecraft operates, and radi
ation dose to personnel will be influenced by shielding, as well as the presence of other man
made radiation sources such as onboard nuclear materials and directed energy sources. Suc
cessful completion of missions requires that radiation hazards be defined, particularly the 
effects of heavy-charged particles, alpha particles, and low-energy protons. Information is 
currently lacking regarding the relative biological effectiveness (RBE) as a function of particle 
charge and velocity for the radiation specified. It is now clear that concepts of dose and dose
averaged linear energy transfer (LET) are inadequate for prediction of cellular inactivation and 
other deleterious effects of charged particles. Additional data are needed to critically assess the 
biological hazards of charged particles in the space radiation environment. 

(18) Biological Effects of Heavy Ions 
($362 K) 

E.J. Ainsworth 
T.C. Yang 

The relative biological effectiveness (RBE) for life span shortening and carcinogenesis is 
dependent on particle charge, velocity, and characteristics of energy deposition in target cells; 
but the classic concept of linear energy transfer (LET), as currently used, has only limited 
predictive value for_ charged-particle risk assessment. The general hypothesis is that over some 
currently unknown LET range, low-dose rate heavy particles can cause neoplastic cell transfor
mation and so'matic mutation more effectively than high-dose rate and that this enhancement 
effect of low-dose rate is LET dependent. 

Specific hypotheses being tested are 

1. For heavy ions, multifraction and low-dose rate can be more effective than single-dose 
and high-dose rate in inducing neoplastic cell transformation and somatic mutation; 

2. The enhancement effect of dose fractionation and low-dose rate is LET dependent; 

3. The track structure of heavy particles is important for the enhancement effect at high
LET range (about 100 KeV/J,Lm); 

4. Both cell progression and repair are important for the enhancement effect of low-dose 
rate; and 

5. Secondary particles produced by high energy protons can have RBE significantly 
greater than 1.0. 

The goal of the program is to extrapolate fundamental principles obtained from in vitro 
studies of cell transformation, somatic mutation and carcinogenesis with heavy particles to 
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animals and man. The data will be relevant for risk assessment in a space radiation environ
ment. 

(19) Long Term Biological Effects 
($190 K) 

E.L. Alpen ·· 

Objective. The objective of this program is to evaluate the LET dependence of the carci
nogenic potential of high LET radiations, to examine the dose-response relationship at low 
doses, and to determine the nature of the relationship between LET and RBE for carcino
genesis. 

Approach. Low-dose carcinogenesis with high LET radiation is being evaluated using the 
Harderian gland tumor as the test system. Heavy charged particles from the LBL Bevalac are 
being used with beams chosen such that the LETs range from a few keV/~-tm to over 1000 
ke VI ~-tm. The Harderian gland tumor model is extremely useful for this purpose since the 
natural incidence of the tumor is very low, and the tumor may be promoted by pituitary hor
mones arising from spleen implants of donor pituitaries. 

Progress. The dose response curve for low dose carcinogenesis (5 to 20 cGy) is clearly 
linear (l st order in dose) for high LET radiations we have used. The RBE relative to 6°Co 
ranges from 10 for 4He at 6 keV/~-tm to 25-30 for argon ions at 650 keV/~-tm. The very high 
RBE for 4He at a relatively low LET is surprising, but may be due to a small contribution from 
higher LET stopping alpha particles. The nature of the dose-response curve in the absence of 
pituitary hormone promoters is not yet known for particle irradiation. 

Significance. LET relationships for carcinogenesis suggest that the RBEs for this endpoint 
may be as much as an order of magnitude higher than RBEs for other late effects. Carcinogenic 
potential does not decrease at LET values above 200 keV/~-tm as would be predicted from acute 
endpoints and from other late endpoints. The results with the higher LET particles are the 
same as seen by others for fast neutrons. 

Future Directions. Explore very high LET range to see if RBE decreases as would be 
expected. The low-dose reference gamma-ray response curve (6°Co) must be perfected. Dose 
response in the absence of pituitary promotion will be assessed, as will the response with frac
tionated doses. 

(20) Advanced Design Research Heavy Ion Medical Accelerator 
($871 K) 

E.L. Alpen 

The long term objective is to extend research and development on beam delivery systems 
for radiotherapy with heavy charged particles including protons. The objective of our original 
program project has been achieved, namely, the design of a hospital-based medical accelerator, 
but further research is needed on the beam delivery system most suitable for medical treat
ments. Current beam delivery methods to achieve large radiation fields for therapy produce 
nuclear fragments that degrade the beam's physical and biological properties. Significant 
improvements in beam delivery are needed to provide a definitive test of the hypotheses that 
heavy charged particles are superior to photons for local cancer control. The aim of this project 
is to achieve further improvements in the wobbler system developed during the original project 
and implement use of an advanced wobbler. By the third year, we will develop a raster scanner 
with medical treatment capabilities more versatile than the advanced wobbler. Both new sys
tems have applications in radiotherapy trials at the Bevalac and future medical accelerators; 
their applicability to proton radiotherapy will also be assessed. Heavy particle beams delivered 
by these advanced systems will be characterized physically and biologically and the data used 
for treatment planning models. Use of the radioactive beam technique in our research provides 
for critical on-line evaluations of particle range and treatment plans for advanced beam delivery 
systems. 
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Instrumentation will be developed that is necessary to physically characterize particle 
beams and provide for patient safety. A highly important research aim is to evaluate the feasi
bility of even more advanced beam delivery systems that use pixel-by-pixel -beam- scanning. 
Essential new data must be collected through simulations and experimentation with existing 
hardware to more fully assess challenges and merits of small or large pixel beam scanning with 
protons or heavy charged particles. Needs for design alterations in the extraction system of the 
Medical Accelerator to accommodate advanced beam delivery systems will be identified. The 
scientific effort is arranged into three projects that include physicians, physicists, biophysicists, 
and instrument engineers. Their effective interactions and communications will facilitate 
achievement of our objective. 

(21) Growth and Radiation Response of an In Vitro Tumor Model 
($87 K) 

E.L. Alpen 

We plan to use a multicellular in vitro tumor analogue to model, experimentally and 
theoretically, all stages of the following radiation therapy scenario: as a solid, poorly vascular
ized tumor develops, the percentage of proliferating cells decreases; necrotic regions surrounded 
by hypoxic cells appear; the hypoxic cells are preferentially resistant to radiation treatment; 
after irradiation, the hypoxic cells· are reoxygenated; and finally repopulation of the tumor 
occurs. 

The tumor analogue will be the sandwich system, a two-dimensional, diffusion limited, 
organized multicellular system that develops a necrotic region, has many properties in common 
with the spheroid system, but has important differences that make it a useful complement to 
the spheroid system in investigating tumor growth and radiation response. The first part of the 
experimental work will model tumor development. It will single out oxygen and glucose, 
measuring their coupled consumption and concentration profiles, their effect on the cell growth 
fraction at different spatial locations, their joint influence on the development of necrosis, and 
the development of hypoxic regions. The second part of the experimental work will model 
tumor radiation response. We expect to use the sandwich system in a variety of standard radia
tion survival experiments, emphasizing experiments that characterize the hypoxic fraction and 
its spatial location. We also expect to use nonstandard radiation experiments designed to 
analyze reoxygenation and repopulation in situ. The effect of a radiosensitizer, misonidazole, 
in reducing repopulation by sensitizing the hypoxic region will be inyestigated. 

In the theoretical work we will use a new model that extends current "one-substance" oxy
gen or glucose models by including interactions between these substances. Computer numerical 
integration of coupled nonlinear integral equations will be used to calculate concentration pro
files, investigate the influence of diffusion-limited concentrations on the cell kinetic properties, 
characterize conditions for the development of necrosis, describe metabolic and cell kinetic 
modifications of cellular radiation response (particularly in the hypoxic region), and analyze the 
processes underlying reoxygenation and repopulation. 

(22) Radiological Physics and Chemistry 
($609 K) 

A. Chatterjee 

This is a study of physical and chemical changes in biomolecules arising from absorption 
of ionizing radiation. 

Our long-term goal is to understand the mechanism of biological damage (at the molecular 
level) to mammalian cells caused by exposure to ionizing radiation. In order to attain such a 
goal, the strategy is to start with viral DNA with well-known genome characteristics and work 
toward the greater complexities of mammalian DNA including its primary, secondary and 
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tertiary structures. As our understanding begins to improve, we hope to include other types of 
complexities that relate to the intranuclear environment (proteins, enzymes, etc.) around a 
DNA molecule Ultimately, we must understand the damage mechanisms well enough to utilize 
ionizing radiation effectively in the diagnosis and treatment of diseases, and also to provide 
adequate and effective protection against environmental hazards of radiation. 

Our approach begins with a dilute aqueous solution of SV40 DNA in 10 mM tris buffer. 
In this system, the characteristic diffusion distance of ·OH radical is only about 50 A, which is 
very similar to that observed in a cell. A Monte Carlo simulation procedure will enable us to 
assess the damage quantitatively by radical mechanisms (indirect action) of the various atoms 
in a DNA molecule by (1) single and double strand breaks, (2) release of unaltered bases, (3) 
production of damaged bases, (4) DNA-protein cross-links and (5) DNA-DNA cross-links. 
Other end points that relate to chromosomal damage will be included at a later time. The 
theoretical approach will be supported by experimental effort and these will be operated in a 
complementary fashion. 

(23) Tracer Studies with Radioactive Beams 
($69 K) 

A. Chatterjee 

This project is the development of a technique for concentrating a radiation dose on a 
tumor volume while sparing surrounding normal cells and nearby critical organs. 

Some cancer patients are undergoing treatment with particulate radiation instead of 6°Co 
gamma radiation or x rays. With particulate radiation it is possible to concentrate radiation 
dose mostly on the tumor volume. The objective of this project is to devise a practical method 
that will enable us, on a routine basis, to concentrate the radiation dose on the desired target 
with a reasonable degree ( ± 1 mm) of accuracy. 

Among the various modalities of treating cancer patients, radiation therapy provides an 
important means of controlling the disease. Hence, efforts should be made to deliver this 
modality in the best possible manner, in order to derive its maximum benefit. 

The experimental approach consists of using radioactive particles such as neon-19 or 
carbon-11. Both of these particles decay by emitting positrons, which then annihilate with the 
medium electrons to produce two gamma rays, separated by 180°. These gamma rays can then 
be detected in coincidence mode by a positron camera, PEBA II (already available), to locate 
their origin in space or stopping point of the beam. Through proper adjustment of the energy 
of the beam, the stopping point can be controlled to coincide with the tumor volume. Since 
radioactive beams and therapeutic beams are similar, our objective can be achieved through 
this approach. 

(24) Response of Tumor Cells to Heavy Ions 
($348 K) 

S.B. Curtis 

The objective of this research is to determine the relative importance of various cellular 
processes in affecting tumor response to both sparsely and highly ionizing radiation by using a 
well-characterized tumor system. The studies are designed to provide information on the time 
course of the following cellular processes in irradiated tumors: 

Phase-Specific Cell Survival and Cell Kinetics Following In Situ Neon-Ion Irradiation. 
Experiments similar to those conducted previously for 225-kVp x-rays will be performed fol
lowing an RBE-matched 3.5-Gy dose of neon ions in the distal 4-cm peak region. 

Time Dependence of Re-oxygenation. The rate of re-oxygenation will be estimated after 
experiments are performed with normal and hypoxic tumors. The latter tumors will consist 
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largely of hypoxic cells at the time of irradiation and will provide an estimate of the hypoxic
cell survival curve. The variation with time of the ratio of the tumor cell survival after high x
ray doses in the normal tumors to the survival at the same dose levels in the hypoxic tumors 
will provide an indication of the the rate of tumor re-oxygenation. 

Repair of Potentially Lethal Damage (PLD) After Split Doses. Using the well known PLD 
repair inhibitor beta-arabinofuranosyladenine (beta-ara-A), the repair of PLD in vivo will be stu
died after split courses of both x rays and peak neon ions. Split doses of radiation ( 12 
Gyjfraction of x rays or 4 Gy/fraction of peak neon ions) will be given to groups of six rhab
domyosarcoma tumors in situ. The interval will initially be 24 hours to allow complete repair. 
After the second dose, the repair of PLD will be measured. 

(25) Biological Testing of New Actinide-Chelating Agents 
($70 K) 

P.W. Durbin 

The alpha-emitting actinides are carcinogenic if retained in bone, lung, or liver. Their 
excretion is impeded by binding to serum proteins, and when recirculated, they are redeposited. 
The only known way to reduce radiation risk is by accelerating excretion with chelating agents. 
Potent selective iron-sequestering agents elaborated by microoarganisms contain weakly acidic 
functional groups-catechol in enterobactin and and hydroxamic acid in the ferroxamines. The 
similar coordination properties of Pu(IV) and Fe(III) suggest that molecules containing several 
such groups would stably chelate Pu at pH 7 and not bind essential divalent metals. Macro
molecules are being synthesized containing catechol (CAM), hydroxamate (X), and/or hydroxy
pyridinone (HOPO, a cylic hydroxamate) groups, connected by alkyl chains (LI-) or attached to -
mesitylene (ME-), triaminotriethyleneamine (TREN-), desferrioxamine (DFO-) or diethylenetri
aminepentaacetic acid (DTPA-). Ligands are screened for potency (promoting Pu excretion) 
and acute toxicity (mortality and microscopic appearance of liver and kidneys 7 days after i.p. 
injection of 1000, 500 or 100 J,tmolejkg of ligand). Ligands combining high potency (Pu excre
tion more than equimolar amount of CaNa3-DTPA) and low toxicity (no 7-day mortality at 
1000 J,tmolejkg) are DFO-HOPO (1), the Fe(III) complex of 3,4,3-LIHOPO (2), 3,4,3-LICAM(C) 
(3), ZnNa-DTPA-DX (4), and 3,4,3-LICAM(S) (5). Prototype ligands are (or will be) tested for 
oral activity (compounds 1 and 3 are moderately active, 5 is highly active); dosage
effectiveness; removal of deposited Pu by one or a series of 13 daily injections (ligand first 
given 24 hours after Pu). 

Research includes: 

l. Screening new ligands for acute toxicity and Pu removal potency; 

2. Completing the extended tests for compounds 1, 2 and 4 and the potent but toxic, 
3,4,3-LIHOPO (extended testing of compounds 3 and 5 is complete); 

3. Testing acidic 3,4,3,-LIHOPO for removal of Am(III) and Np(V) [formation of a 
stable N p(IV) chelate is expected, which may facilitate reduction of N p(V)]; 

4. Biokinetics investigations to identify in vivo chelate stabilities, excretory pathways and 
bioiogical half-times using 1:1 65Zn(II) complexes of tetrameric ligands (partially 
formed chelates approximate free ligands; these may be a substitute for tritium
labeling) and 59Fe(III) chelates of trimeric ligands (complete coordination); and 

5. Development of protocols for assessing ligand potency for iron removal. 
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(26) Physical Characteristics of Heavy-Ion Beams 
($393 K) 

W. Schimmerling 

Heavy-ion beams stopping in tissue consist of primary particles and fragments due to 
nuclear interactions in the materials presented to the beam. These fragments are a significant 
component of the dose, especially near the Bragg peak and distal volume. Conventional 
dosimetry does not identify the fluence, charge, and velocity of these components. Biological 
effects (e.g., RBE and OER) depend on these quantities rather that on mean LET alone. The 
present research will continue a comprehensive approach to understanding of the physical 
interactions of high-energy heavy-ion beams to the extent necessary for predicting relevant 
characteristics of beams used in clinical and biophysical research at the Lawrence Berkeley 
Laboratory Bevalac. 

This approach consists of an experimental program and a theoretical program. The exper
imental program provides complete characterization of the beams by particle identification and 
direct measurements of fluence and velocity, using a multidetector particle identification spec
trometer consisting of time-of-flight telescopes, silicon detector stacks, position-sensitive detec
tors, pulse-ionization chambers, and scintillation counters. The apparatus has been used to 
identify nuclear reaction fragments and primary beam particles emerging from a water column 
along the central axis of the beam, as a function of water thickness. Beams of carbon, neon, sil
icon, argon, and iron are being studied along their unmodified as well as their range-modulated 
Bragg curve. Angular distribution measurements of fragmentation and multiple Coulomb 
scattering, including simulation of tissue inhomogeneities, will follow. 

The theoretical program develops beam transport calculations to obtain reliable beam 
models for extension of the results to predicting cell survival in arbitrary beam configurations. 
Comparison of predicted and measured fluence spectra is used to refine the calculational codes. 
The results of this research will be incorporated into treatment planning for clinical trials of 
radiation therapy currently in progress at the Bevalac. 

(27) Measurement of the Production of Neutrons by 
High-Energy Heavy Ions 
($60 K) 

W. Schimmerling 

This is a study of nuclear interactions when a high energy heavy ion projectile strikes a 
target, producing fast projectile fragments and undetected reaction products. The projectiles ate 
beams of He, C, 0, Ne, Ar, Fe, and U (or beams of similar mass and charge) at incident ener
gies between 200 and 2000 MeV I A. Targets materials used are C, AI, Si, Fe and Pb, as well as 
selected plastics such as graphite-epoxy and Lucite. 

Thick-target yields will be measured for target thicknesses of 0.1, 0.2, 0.5 and 1.0 nuclear 
mean free paths. Data obtained will be fluence spectra (number of fragments emerging per unit 
area) as a function of beam energy, fragment e'nergy, and angle for all measured fragment 
charges. · 

The results obtained will be applied to test the accuracy of and improve the charged parti
cle transport calculations used to predict particle fluences and absorbed doses in space config
urations. 
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($367 K) 
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T.S. Tenforde 

Magnetic field interactions, and their underlying mechanisms, are being evaluated in 
experimental in vivo systems and in tissue and cellular systems that are potentially sensitive to 
this form of nonionizing radiation. Baseline data are being obtained for the establishment of 
magnetic field exposure guidelines at industrial, research, and medical facilities, including 
several newly developing energy technologies and the medical application of in vivo nuclear 
magnetic resonance for imaging and metabolic studies. 

Major areas of current research include: 

( 1) Structural and functional studies are being carried out on membranes and cellular sys
tems that contain extended arrays of molecules with a high degree of diamagnetic anisotropy. 
New observations have recently been made of membrane sensitivity to magnetic fields at tem
peratures near the thermal phase transition region, and a detailed theoretical model of this 
effect has been developed. 

(2) Electrophysiological techniques are being used to study selected organ and tissue sys
tems that may exhibit sensitivity to magnetic fields as the result of electrodynamic interactions 
with ioniC conduction processes. Changes in cardiac and hemodynamic parameters resulting 
from the presence of magnetically induced electrical potentials within the central circulatory 
system are being studied during both acute and chronic exposures of laboratory animals to 
high-intensity magnetic fields. Electrophysiological measurements are also being made to assess 
the effects of strong magnetic fields on visual and neural functions in vivo. 

(3) A superconducting magnet is being used to study the response of cellular, tissue, and 
animal systems to fields up to 9 tesla. These studies are of fundamental mechanistic value for 
the development of theoretical models of magnetic field interactions with biological systems, 
and are also providing essential data for assessing the potential health effects that may result 
from the use of ultrahigh magnetic fields in medical applications of nuclear magnetic resonance. 
The development is also underway of a 9-tesla magnetic circular dichroism unit operating in 
the UV spectral range for studies on DNA conformation in living cells. 

(29) Molecular Mechanisms of Cell Effects 
($105 K) 

C.A. Tobias 

We seek a quantitative understanding of the nature and kinetics of biological responses 
produced in mammalian and human cells by deleterious agents such as accelerated atomic 
nuclei. Our current investigations,- u,sing the technique of premature chromosome condensation 
(PCC), produced evidence that indi~idual particles with high linear energy transfer (LET) are 
capable of producing clusters of several chromatin lesions within the same cell nucleus. 

We will use a special mutant of Chinese hamster ovary cells that contains a single human 
chromosome to quantitate the number of misrejoinings that occur. This is feasible with the use 
of immunofluorescence techniques. We will further characterize misrepair by studying the 
nature and time sequence of processes that occur in the integration of transfected foreign DNA 
into the genome of the cells. The DNA of the specific genes will be broken into fragments by 
restriction enzymes or by heavy ions. Differences in the ability of normal and abnormal 
mutant human cells, such as those from individuals with the disease ataxia telangiectasia, to 
reconstitute the broken DNA will be studied. Ataxia cells produce a special clastogenic factor; 
the disrupting influence of this factor on the lesions-repair process is of interest. According to 
the RMR model under development here, the formation and misrepair of clusters of lesions 
may account for the carcinogenic and lethal effectiveness of high-LET particles. 
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(30) Heavy Ion Radiobiology Related to Oncology 
($1296K) 

C.A. Tobias 

This program represents a basic arm of a comprehensive research program with a goal to 
increase our biophysical knowledge of cancer and to investigate the role of heavy ions in cancer 
therapy. There are three research projects and an administrative core that supports the design 
and completion of specific experiments to address clinical problems involving research ques
tions that cut across several projects. The areas of research are described below. 

The Cellular/Molecular Radiobiology project includes cell-cycle specific susceptibility to 
enhanced killing from split doses of heavy io~1s or sequential doses of high- and low-LET radia
tions, heavy-ion studies with normal and neoplastic mammary epithelial cells, cell-cycle depery
dence of the heavy-ion enhancement of DNA integration, and analysis of chromatin repair of 
heavy-ion damage. Methods to be used are cell synchronization, low dose survival measure
ments with special automated equipment, premature chromosome condensation techniques, 
antioxidant enzyme assays, and recombinant DNA transfection procedures. 

The Tissue Radiobiology project includes coordinated biophysical studies of testes weight 
loss with particle beams that have been characterized with regard to their fluence spectra, 
altered proliferation kinetics of intestinal crypt cells after doses of Bragg-peak neon, further 
investigation of the enhanced RBE values for spinal cord damage under multifraction regimes, 
and further evaluation of brain and spinal cord heavy-ion damage. Methods will include 
track-segment tissue exposures of testes injury, delivery of conditioning and challenging particle 
doses to intestinal crypt cells, and multi-dose hemibrain and spinal cord exposure followed by 
noninvasive imaging studies with MRI, 18fluorodeoxyglucose, and the new super-resolution 
PET. 

The Radiological Physics project will undertake experiments with the newly modified 
Berklet configuration to measure multi-prong particle events. The detector and electronics 
fabrication is in progress. The fabrication of the heavy particle dose detector, further analysis 
of multiple coulomb scattering particle data from spectrometer studies, radiobiological model
ing of clinical particle beams, and carbon-proton dose localization comparisons for special 
tumor treatment sites will be done. Methods to be used include use of a converted PDP 11/44 
computer, complete testing of the extension of the Berklet system and the heavy charged parti
cle dose detector, and extension of theoretical modeling of particle effects to more clinical situa
tions. 

C. Cellular and Molecular Biology 

(31) Effect of Benzo(a)pyrene (BaP) on Humans 
($75 K) 

J.C. Bartley 

The overall objectives of this project are the delineation of the pathway for activating or 
detoxifying chemical carcinogens in human epithelial cells, the nature and extent of damage to 
DNA, and how that pathway and the extent of DNA damage can be modulated. For these stu
dies, we are using pure cultures of human mammary epithelial cells (HMEC) of three major 
categories: normal, experimentally transformed, and tumor-derived. Benzo(a)pyrene (BaP) was 
chosen as the primary model carcinogen because of its prevalence in the environment as a pro
duct of energy conversion. We have demonstrated for the first time that oxidative damage can 
be induced in DNA by treatment of HMEC with an indirect acting carcinogen (BaP). Indeed, 
the extent of oxidative damage in DNA is greater than that from adduct formation. These 
results emphasize the possible importance of oxidative DNA damage in carcinogenic process 
and the need to clarify the pathways for generation of free radicals derived from chemicals and 
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intermediate steps. Because the ultimate goal of our studies is to relate the type and extent of 
DNA damage to the frequency of transformation, we are actively participating with Gordon 
Parry to provide Martha Stampfer with possible markers as a basis for rapid transformation 
assay. 

Other aspects of this program include: 

1) the relationship between cell differentiation, on the one hand, and BaP metabolism and 
DNA damage and repair, on the other, and 

2) because of evidence for interaction of different cell types in carcinogen metabolism, stu
dies have been initiated on the role of other non-epithelial breast cells in the initiation stages of 
breast cancer. 

(32) Human Mammary Cells: Modulation of Differentiated States 
($192 K) 

J.C. Bartley 

This is a study to determine how changes in expression of properties of normal cell dif
ferentiation and maturation are related to the carcinogenic process in human epithelial cells. 
For our purposes, the stages of maturation and differentiation will be evaluated by glucose 
metabolite pattern, synthesis of milk components, presence and cellular concentration of mam
mary specific enzymes, synthesis of cytoskeletal elements, and the synthesis and arrangement of 
cell surface and extracellular matrix proteins. Comparisons among normal cells, cells autogenic 
to normal but transformed in vitro by chemical carcinogen treatment, and cells grown out from 
mammary tumors will be used to assess the influence of carcinogenesis on functional differen
tiation. 

The human mammary epithelial culture system was chosen for this purpose because 

1. Cells can be grown out from normal and cancerous tissues in a serum-free medium for 
40-60 population doublings; 

2. Large cell pools are available for experimentation; 

3. Mammary epithelial cells possess unique properties for evaluating the functional dif
ferentiated state; 

4. Phenotypic expression by these cells can be modulated in culture; 

5. A progressive series of cell strains with extended life, continous cell lines, and malig
nant transformants that are autogenic to normal human mammary epithelial cells are 
available for study; 

6. Malignant transformation in epithelial cells has been related to aberrant expression of 
normal differentiated states; and 

-7. In breast cancer, epidemiological and experimental evidence point to a relationship 
between the risk of cancer and the developmental or differentiated state. 

These studies could provide insights into the sites for control of normal differentiated 
function, the factor(s) involved, and possible sites of aberrant expression in transformation, and 
thus provide a sound basis for investigation in the future into the molecular mechanisms con
trolling gene expression in regulating normal functional differentiation and the aberrations 
which occur during transformation. 
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(33) Center for Cellular and Molecular Cancer Biology 
($100 K) 

J.C. Bartley 

A project designed to further the development of a coordinated interdisciplinary approach·· 
for the study of carcinogenesis and mutagenesis at LBL. The goal is to foster multi-investigator 
collaboration to address fundamental problems in cancer biology at the biochemical, molecular, 
and cellular levels. 

(34) Molecular Carcinogenesis 
($459 K) 

M.J. Bissell 

The generation of tissue-specificity, and its loss during malignancy, is a central problem of 
biology today. Almost all organs are composed of at least two tissue components, epithelial 
parenchyma and mesenchymal stroma. Correct interaction between these two components is 
crucial in development, growth, morphogenesis, and maintenance of the differentiated state. 
An imbalance and disturbance in this interaction leads to uncontrolled growth, abberant tissue 
behavior, and eventually cancer. To understand the cellular and molecular mechanisms under
lying tissue-specificity we have taken a broad and multi-faceted approach using epithelial cells 
for studies of functional differentiation (epithelial model), a sarcoma model using a well known 
tumor virus (Rous sarcoma virus; RSV), and the avian limb for studies of carcinogenesis (con
nective tissue model). The ultimate aim is to converge our knowledge of these model systems 
into an understanding of the "normal" and the "cancerous" using modern molecular and cellu
lar biology techniques. Two main areas being pursued are described below. 

Mammary Gland as a Model for Studies of Regulation of Gene Expression. Our current 
data suggest that the extracellular matrix (ECM), in addition to hormones, is necessary for regu
lation of milk protein gene expression. Our aim is to understand at what level (transcriptional 
or post-transcriptional; and if latter, nuclear or cytoplasmic) the ECM regulates milk and ECM 
mRNA levels, and to approach the underlying mechanisms using defined ECM molecules, inhi
bitors of ECM and cytoskeleton synthesis and assembly, and high resolution EM and in situ 
hybridization. 

Oncogenes and Tumor Promotions. We have developed two highly versatile models for 
studies of RNA tumor virus-host interactions: a) The inability of microinjected RSV to cause 
sarcoma in the avian limb (and the rapid transformation of these cells once placed in culture), 
and b) requirement of wounding as a cocarcinogen. We are constructing replication-defective 
viruses and have developed the technology for sensitive immunocytochemistry on frozen sec
tions and in situ hybridization with selected riboprobes. 

(35) Kinetics of Transfused Stem Cells 
($118 K) 

G. Brecher 

This is an investigation of self renewal and differentiation of hemopoietic stem cells. To 
this end we are using bone-marrow transfusions in which donor and host cells carry different 
enzyme markers (phosphoglycerate kinase A and B) that identify the origin of circulating 
mature blood cells from either host or donor stem cells. 

Specifically, we are investigating recent indications from our work that at least two dif
ferent pluripotential stem cells exi-st with different capacities for self renewal; that a megakaryo
cyte precursor may have prolonged self renewal without being transplantable, and that stem 
cells exposed to an irradiated environment, although not irradiated themselves, have a 
markedly reduced self renewal. We shall also explore the potential use of monoclonal anti-HY 
antibodies to identify the early seeded pluripotential stem cells and to follow their progression 
to commitment to specific cell lineages. 
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($145 K) 
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G .K. Clemons 

Erythropoietin is a glycoprotein that is an important regulator of red cell differentiation. 
A radioimmunoassay has been developed in this laboratory using an . anti-erythropoietin 
antiserum. This radioimmunoassay is capable of measuring not only normal and elevated 
plasma and serum erythropoietin concentrations, but also the depressed levels seen following 
physiological stimuli known to suppress erythropoiesis. Using this assay a significant correla
tion with the in vivo bioassay has been demonstrated. Polycythemias of primary origin are 
readily distinguishable from those of secondary origin with this assay. Clinical significance is 
also derived from the fact that fetal hypoxemia in high risk pregnancies can be diagnosed by 
measuring the hormone levels in amniotic fluid. There is work with both the production and 
secretion of erythropoietin and the mechanism of action at the receptor level in blood forming 
tissues. 

Since recombinant erythropoietin is available and can be iodinated and retain its biologi
cal activity, we are further pursuing the development of a radioreceptor assay for this hormone 
and the use of erythropoietin radioligand techniques in vivo. A radioreceptor assay in conjunc
tion with the radioimmunoassay will give a new dimension to the importance of erythropoietin 
detection clinical studies. The knowledge gained from this investigation will add significantly 
to our understanding of the biogenesis and mechanism of action of erythropoietin and the role 
of this hormone in normal and diseased states in humans. 

(37) Carcinogenic DNA Damage 
($52 K) 

P.K. Cooper 

The fundamental goal of this project is to understand on a molecular level the nature of 
human genetic repair deficiency diseases and the molecular basis for the extreme cancer
proneness of individuals with such diseases; The mutagenic or lethal consequences of any par
ticular lesion in DNA depend on cellular processing of that lesion, often by responses that are 
induced by the damage itself. Escherichia coli, with its wealth of relevant mutants, is used as a 
model system to study cellular responses to DNA damage, and ideas and approaches developed 
with it are then applied to studies with normal and repair-deficient human cells. 

Our previous work has documented and characterized a damage-inducible repair process 
in E. coli, long patch excision repair, and has shown it to be of general importance in resistance 
to the lethal and replication-blocking effects of DNA damage. Results of a variety of experi
ments have suggested that the inducible process is required for repair of lesions near DNA 
replication forks, where structural constraints might hinder constitutive excision repair. We are 
testing this hypothesis using our recently developed technique for resolving DNA fragments 
containing replication forks from linear DNA fragments by two-dimensional agarose gel electro
phoresis. The technique will also be used to determine the in vivo fate of replication forks after 
DNA damaging treatments and to detect the replication of specific genes under a variety of cir
cumstances. 

If aspects of DNA secondary structure impose constraints on repair processes in bacteria, 
the same constraints should apply in mammalian cells. Indeed, in direct analogy to the bac
terial case, it has been suggested that the human hereditary disease xeroderma pigmentosum 
(variant form) has as its basis an inability to repair lesions in or near replication forks and that 
the repair process that is defective in XP variants might be a damage-inducible response in nor
mal cells. We propose to apply our unique ability to resolve replicating DNA from the rest of 
the genome to testing this idea. We further propose to extend the technique to examine the 
consequences of the apparent disturbance of the normal coordination between replication and 
repair of lesions near replication forks in the genetic disease ataxia telangiectasia. 
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(38) Inducible Responses to Carcinogenic DNA Damage 
($161 K) 

P.K. Cooper 

Our broad objective is to understand inducible cellular responses to DNA damage by car
cinogens, many of which are mutagens in bacteria, with special emphasis on understanding the 
relationship between those responses that contribute to cellular survival following carcinogenic 
damage and those that affect mutagenesis. We use Escherichia coli as a model cell system in 
which to study inducible SOS responses and adaptive responses, evidence for both of which has 
also been found in mammalian cells, because of the advantage of availability of relevant 
mutants and extensive biochemical and genetic characterization. Immediate research objectives 
include the following. 

Gene Products Involved in Inducible Repair of UV Damage. Having evidence that long 
patch repair synthesis may be the primary SOS process effecting enhanced cellular survival, we 
are attempting to identify the gene products that participate in this process. In particular, the 
possible involvement of an altered polymerase will be tested and the nature of the requirement 
for the recA gene will be examined. Whether long patch synthesis proceeds by a mechanism 
involving the reeF pathway will be investigated. 

Substrate for Long Patch Repair of UV Damage. Having evidence suggesting that long 
patches occur at a small class of damage sites that are refractory to constitutive repair and that 
are potent blocks to replication, we are investigating the nature of these sites as an approach to 
understanding the means by which the inducible process contributes to survival. We are partic
ularly interested in the possibility that lesions in some functionally distinct regions of the 
genome, perhaps growing point regions or actively transcribing genes, are involved. 

Repair of Alkylation Damage. Having evidence that SOS induction promotes survival of 
alkylation damage in addition to UV damage, we are attempting to determine the interaction of 
the SOS and adaptive responses in excision repair and mutagenesis after treatment with alkylat
ing agents. Effects of the two inducible processes on repair synthesis and adduct removal will 
be compared. The possibility that glycosylase action significantly precedes AP endonuclease 
action in repair of alkylation damage, thereby generating important premutagenic lesions (AP 
sites) as a consequence of repair, will be examined. 

(39) Mitotic Recombination and DNA Repair 
($63 K) 

M.S. Esposito 

REC Genes and Proteins of Saccharomyces cerevisiae. The aim of this research is to deter
mine the mechanisms of eukaryotic chromosomal recombination. Our experimental approach 
involves the characterization of rec mutants previously isolated in our laboratory to identify the 
REC genes governing the partial reactions that result in gene conversion, intragenic recombina
tion, and intergenic recombination. We employ both genetic and biochemical assays to identify 
the stages of the recombination process in which rec mutants are defective and to infer the in 
vivo functions of corresponding REC genes and proteins. Our biochemical studies focus upon 
purification and characterization of a yeast resolvase that cleaves Holliday junctions, and 
molecular cloning of REC genes that encode or regulate its activity. Genetic studies are 
directed toward understanding how REC genes coordinately control mutability, recombina
tional proficiency and genomic stability. 

Recent experiments have provided evidence that gene mutation and recombination occur 
in positive nonrandom association in diploid cells, resulting in homozygous recessive mutants 
at rates one thousandfold greater than expected for independent mutational and recombina
tional events. Concerted gene mutation and recombination is relevant to the origin of recessive 
oncogenic mutations in mammalian and human diploid cells. The properties and genetic con
trol of this phenomenon are being studied. 
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( 40) Comparative Analysis of Mitotic and Meiotic Recombination 
($214 K) 

BMD 

M.S. Esposito 

The yeast Saccharomyces cerevisiae provides a model eukaryotic system for study of the 
properties, genetic control, and mechanisms of mitotic and meiotic gene conversion, intragenic 
recombination, and intergenic recombination. Recently isolated rec mutants comprising five 
phenotypic groups of hypo-rec and hyper-rec variants will be analyzed for their effects upon 
mitotic and meiotic recombination and chromosomal segregation. The genetic analysis of rec 
mutants is directed toward identifying the number of discrete REC loci involved and whether 
the phenotypes of rec mutants are consistent with the partial reactions invoked by current 
models of mitotic and meiotic recombination. Particular emphasis is given to rec mutants that 
exhibit novel phenotypes and those that affect both in vivo and in vitro recombination. The 
Holliday junction cleavage enzymes of mitotic and meiotic recombination proficient strains will 
be purified and characterized in conjunction with genetic studies. The mode of resolution of 
Holliday junctions is a central consideration of all proposed molecular models of mitotic and 
meiotic chromosomal recombination. 

(41) Quantitative Species Extrapolation in Carcinogenesis 
($300 K) 

L.S. Gold 

This project is the quantification and standardization of published data from many 
sources into a Carcinogenic Potency Database. In the past, efforts to use animal bioassays in 
the evaluation of the potential health risk of chemicals to humans were hampered by the lack of 
a standardized method of comparing experimental results. Experimental protocols as well as 
the type of information reported in the literature are quite diverse. Moreover, quantitative esti
mates of carcinogenic potency had not been made for large numbers of chemical carcinogens . 

. At present, the Database contains results of over 3,200 experiments on 835 chemicals. 

The work includes examination of the applicability of test results to humans and the 
reproducibility of the results. An exposure-potency index has been proposed that makes it pos
sible to rank-order exposures according to hazard. This ranking improves the chances that 
policy-making efforts will be directed first toward substances that may be most hazardous and 
away from substances that present minor hazards. Work continues on human exposures in air, 
water, and food. We are also examining the shape of the dose-response with multiple doses and 
the correlation of mutagenic and carcinogenic potencies. 

(42) Inducible Resistance to Alkylating Carcinogens 
($84 K) 

R. Goth-Goldstein 

Previously, it was found that there exists a mechanism whereby Chinese hamster ovary 
cells that survive a toxic dose of the alkylating agent N-methyl-N'-nitro-N-nitrosoguanidine 
(MNNG) are permanently more resistant to the killing effects of MNNG. This phenomenon of 
acquired resistance was found also in (human carcinoma-derived) HeLa cells that are MNNG
sensitive, i.e., display the Mer- phenotype. Resistance was not due to decreased MNNG uptake 
or binding to DNA or to higher overall DNA repair of methylated bases, in particular, resistant 
variants, like their sensitive parent, were deficient in repair of 0 6-methylguanine (06-MG). 
Therefore the two characteristics of the Mer- phenotype (MNNG-sensitivity and lack of 06-MG 
repair) that have always been linked, can be uncoupled. 

The process is now being defined by which increased resistance occurs and the cause for 
resistance is being systematically investigated at a cellular, biochemical, and molecular level 
using these sensitive and resistant variants. At the cellular level a genetic analysis is being 
attempted by producing cell hybrids between sensitive and resistant lines and determining their 
response to MNNG. To investigate the mechanism of increased resistance at the biochemical 
and molecular level it will be determined if sensitive and resistant variants differ in an 
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intracellular signal for DNA damage response or in inhibition and recovery of RNA synthesis, 
and it will be tested whether resistant variants show preferential repair of alkylation damage in 
transcriptionally active genes. -

The results will increase our understanding of how alkylating agents cause cell killing and 
what tolerance mechanisms are available to mammalian cells to overcome the toxic effects of 
these agents Identification of this mechanism should also clarify some aspects of regulation of 
alkylation damage repair in mammalian cells, i.e., why this function is normally expressed 
together with the 06-MG repair protein. 

(43) DNA Repair Mechanisms 
($19 K) 

J. Hosoda 

The objective of this study is to elucidate mechanisms controlling the pathways that repair 
a large variety of DNA lesions (in contrast to lesion-specific enzymes) in eukaryotic organisms. 

Approach and Rational. Studies on prokaryotes have shown that repair pathways involve 
multi protein systems, many of whose components participate in recombination and/or replica
tion reactions, and which have specific affinities for DNA and/or for each other. We propose 
to isolate and analyze Saccharomyces cerevisiae proteins by DNA or protein-affinity column 
chromatography and gel-electrophoresis to 

1. Identify genes for isolated proteins with antibody probe, 

2. Create mutants by gene-disruption techniques, and 

3. Identify the proteins with known repair genes. 

Progress and Future Accomplishment. We have fractionated a large number of S. cerev
isiae proteins with activities known to be involved in repair, replication and recombination, by 
differential DNA-cellulose column chromatography. Further purification of proteins associated 
with such activities as DNA-dependent ATPases, DNA-annealing and strand exchange are in 
progress. 

Implication of Accomplishment. Identification and characterization of proteins involved 
in eukaryotic repair is of vital importance because very little is known about these proteins 
except for enzymes responsible for repair of specific lesions. 

(44) DNA Repair in Specific Sequences of Mammalian Cells 
($175 K) 

S.A. Leadon 

The long-term objective of this project is to better understand the relationship between the 
processing of DNA damage and the location of that damage in various regions of the genome. 
Although the general pathways for excision repair of various classes of structural defects in 
mammalian cells have been worked out, the "average" response of the entire genome has been 
assayed in most repair studies. Therefore, it is important to understand in detail how the exci
sion repair responses might reflect unique features or regions of the genome, such as chromo
somal location or status of expression of structural genes. 

The overall experimental strategy is to simplify the analysis by using defined DNA 
sequences so that processing of damage can be analyzed at the molecular level. We will use as 
probe sequences the unexpressed alpha DNA sequence, the expressed and integrated 
prokaryotic gpt and neo genes, and the expressed metallothionein genes. The following experi
mental approaches are planned: 
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1. Having found that DNA damage is preferentially repaired in the integrated and 
actively transcribed pSV2-gpt compared with the bulk of the genome while repair is 
deficient in the alpha DNA sequences in the same cells, we will further develop the 
use of defined sequences as probes for DNA damage and repair by testing whether the 
preferential repair of pSV -gpt is a property of integration of the plasmid or whether 
the endogenous metallothioneinare genes are also preferentially repaired. 

2. We have demonstrated the physical resolution of DNA fragments containing bromo
deoxyuridine (BrdUrd) labeled repair patches using a monoclonal antibody that binds 
to BrdUrd. However, the antibody currently available was produced against the 
nucleoside 5-iododeoxyuridine. To maximize the sensitivity of the separation of 
repaired from unrepaired DNA and to obtain antibodies with greater affinity for 
BrdUrd in DNA, additional monoclonal antibodies will be produced specifically 
against BrdUrd in DNA. 

3. Since most (85-90%) human cancers originate from epithelial cells, the processing of 
DNA damage in the metallothionein genes in human mammary epithelial cell cultures 
will be studied. Excision repair of various types of DNA damage, i.e., thymine glycols 
produced by ionizing radiation, pyrimidine dimers formed by ultraviolet radiation 
and bulky chemical adducts produced by benzo(a)pyrene or aflatoxin Bl, will be 
measured in normal human epithelial cell cultures and cell lines derived from 
benzo(a)pyrene treated primary cells. 

( 45) Genetic Study on Yeast 
($190 K) 

R.K. Mortimer 

The yeast Sacchromyces cerevisiae is one of man's oldest domesticated organisms and has 
been used for millenia for making bread, wine, beer, and spirits. Recent genetic and molecular 
studies have helped to establish it as one of the most intensively studied eucaryotic cells; it is 
considered by many to be a model eucaryotic cellular system. The mitotic and meiotic cellular 
cycles are typical of those seen in higher eucaryotic cells as are the processes of DNA replica
tion, transcription and translation. Yeast chromatin, mitochondria, Golgi bodies, lysosomes, 
endoplasmic reticuluum and nuclear matrix also are typically eucaryotic. Several yeast genes 
show close sequence homology to mammalian genes to the extent that certain human genes 
have been shown to complement defective yeast genes. It seems apparent that studies of yeast 
should be of considerable importance for gaining a better understanding of mammalian (includ
ing human) cells. 

We helped pioneer genetic studies on yeast and continue as an active research center on 
this organism. We played a major role in developing the genetic map at this center of this 
organism and continue to generate mapping data and to serve as a center to collate and publish 
mapping data from other laboratories. We have worked on suppressor genes, genetic recombi
nation mechanisms, mutagenesis and the radiation genetics of this organism and more recently 
have focused our attentions on a set of genes involved in recombinational repair of DNA 
lesions. Mutations in any of this set of eight genes results in x-ray sensitivity, recombinational 
deficiencies and mitotic instabilities. We have cloned and sequenced five of these genes. We 
have also created disruptions of most of these genes by inserting other genes in their sequences. 
We are studying these genes to determine if they perform essential functions, are inducible by 
DNA damage, and to determine the nature of their protein products. 
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(46) Yeast RAD Genes in Repair, Recombination, and Meiosis 
($218 K) 

R.K. Mortimer 

We are characterizing the nature and interrelationships of repair, recombination and 
meiosis in the yeast Saccharomyces cerevisiae: the exact role of DNA repair (RAD) genes in 
normal cell metabolism, including mitotic and meiotic recombination, as well as how they 
function in DNA repair. We will study those current and new RAD genes whose mutants 
confer sensitivity to x rays, since it is primarily these mutants that show complex phenotypes 
involving normal mitotic or meiotic DNA metabolism as well as repair. 

Genetic Studies. Recently isolated rad mutations will be examined to see if they define 
new RAD loci. To determine if any of the existing RAD genes code for essential functions, we 
will isolate both deletions and nonsense alleles by in vitro mutagenesis with cloned genes. Rev
ersion studies on some of the rad mutations will be done to isolate new temperature condi
tional and regulatory alleles, and to determine if the RAD gene products interact with each 
other or other proteins. We will continue our studies on chromosome loss in existing rad 
mutants. 

Meiotic Studies. We plan to study the meiotic defects of the rad mutants to learn more 
about both the RAD gene products and the process of meiosis. We will perform temperature
shifts on double-mutant strains containing rad mutants in combination with meiosis-! by-pass 
mutations. These approaches in combination with transcriptional studies will provide informa
tion about dependent sequences and order of gene functions in meiosis, as well as the timing of 
various stages of recombination and their relationship to other aspects of the meiotic divisions. 

Molecular Studies. Using already isolated clones of six RAD genes, we will determine if 
and when these genes are transcribed during meiosis and whether they are induced by DNA 
damaging agents in mitotic cells. Using high expression vectors and nuclear isolation pro
cedures we will attempt to isolate and characterize the RAD gene products. 

(47) Monoclonal Antibodies 
($142 K) 

G. Parry 

This is a study of cell surface differentiation in breast epithelial and breast carcinomas. 
During the course of mammary gland differentiation, the surface of the secretory epithelial cells 
express several new glycoproteins. Frequently some of these molecules are also found on breast 
carcimonas. The objective of this research program is to develop a better understanding of the 
basic mechanisms that control membrane differentiation in the breast and the modulation of 
this in breast carcinomas. The study has important implications for diagnostic and therapeutic 
aspects of breast cancer as well as for basic cell biology. 

Our objectives are to study membrane differentiation at several levels: (a) control of 
mRNA coding for the membrane glycoproteins; (b) intracellular routing of newly synthesized 
molecules from their sites of synthesis to the cell surface; and (c) organization of the glycopro
teins at the surface, with particular concern for mechanisms regulating development of mem
brane polarity. 

Until recently, we have used immunochemical methods to identify the surface glycopro
teins and have focused on the generation of polarized membrane domains. We have generated 
several monoclonal antibodies for this purpose. Additionally, we have used these antibodies to 
study antigen expression on human mammary carcinomas and the phenomenon of hetero
geneity of tumor antigen expression. These studies will be continued in the future but will be 
complemented by molecular biology approaches. Our monoclonal antibodies will be used to 
screen A.gtl ~ eDNA expression libraries and eDNA clones coding for the membrane 
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glycoproteins isolated. These will then be used to study mRNA levels and intracellular routing 
mechanisms. 

( 48) Proteoglycan Influence on Mammary Cell Differentiation 
($143.5 K) 

G. Parry 

The objectives of this study are to define the roles of basement membrane proteoglycans 
in the regulation of mammary epithelial cell differentiation. Their influence on cell attachment 
and morphology will also be studied. In the long term it is expected that the investigations will 
contribute to a better general understanding of the role of basement membranes in differentia
tion and development. In addition, the study should help define some of the unknown func
tions of proteoglycans in epithelial tissues and reveal some of the basic functions of these ubi
quitous molecules. 

Experiments are being carried out using cultures of mouse mammary epithelial cells iso
lated from late pregnant mice and a recently isolated mouse mammary epithelial cell line, 
COMMA-I-D. When cultured on a suitable substratum, namely floating collagen (type I) gels, 
the cells synthesize many milk proteins and also assemble a distinct basement membrane. As 
such they constitute an experimental system that can be readily modulated. Three approaches 
to the problem will be pursued: 

1. p-Nitrophenyl-{1-xyloside, a highly specific inhibitor of proteoglycan synthesis, will be 
used to perturb proteoglycan and glycosaminoglycan metabolism and the consequen
tial changes in cellular differentiation monitored by following milk protein synthesis. 

2. Cells will be cultured on purified proteoglycans and on proteoglycans complexed to 
other basement membrane components (rather than stromal matrix components). 
Again their effects will be assessed by examining milk protein synthesis. 

3. Monoclonal antibodies will be produced against purified basement membrane proteo
glycans and will be used in immunocytochemical experiments to study the relation
ship between basement membrane proteoglycan composition and epithelial cell dif
ferentiation in the developing gland itself. 

It is expected that this study will shed light on some basic mechanisms controlling cell dif
ferentiation and cell physiology. However, the information should also be important for tumor 
biology in that alterations of glycosaminoglycan metabolism and cellular differentiation both 
frequently occur in tumor development. Whether or not these two parameters are interrelated 
in normal cellular processes is thus likely to be of considerable interest to tumor biology. 

(49) Hematozoa and Erythropoiesis 
($107 K) 

P.H. Silverman 

This is an examination of the effect of malarial infection on erythropoietin (EP) produc
tion and attempts to determine the site(s) of the erythropoietic dysfunction associated with exo
genous blood system changes. In vitro cultivation studies are also undertaken in several areas. 

Studies on the effects of malaria infection on EP production with three murine species, 
Plasmodium berghei, P. vinckei, and P. chabuadi have been largely completed. The results indi
cate that malaria infection stimulates the production of EP to the maximum capability of the 
infected host. The techniques for measuring EP (radio-immunoassay and bioassay) confirm 
that the EP found to be circulating in the plasma is biologically active. These data suggest 
strongly that the anemia observed in malaria-infected hosts is due to a lack of response by 
erythroid progenitor cells to the regulatory hormone EP. 
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Preliminary results indicate that EP-sensitive cells from bone marrow and spleen cultures 
are decreased several days after infection with P. vinckei (a highly virulent parasite). It was also 
observed that the conditioned media from these cultures from malaria-infected mice markedly .. 
reduced the response of normal cells from uninfected hosts. 

Bone marrow and stem cell (CFU-S) population changes during infection indicate that the 
total cellularity of the bone marrow undergoes a progressive decline as parasitemia increases. 
The spleen colony assay for pluripotent stem cells demonstrates that, after an initial rise in 
number of stem cells, the population rapidly decreases down to 20-25% of their normal level. 
The decrease in stem cells is an unusual event and may account in part for the anemia and 
immunodeficiency associated with malaria infection. 

Tissue culture studies include assays for EP-sensitive cells, the cultivation of hemopoietic 
cells utilizing adherent cells, and the maintenance and development of the human malaria, P. 
fa/ciparum, and the murine malarias. The culture systems are being used to produce and test 
prospective factors that might be inhibitory for EP-responsive cells or stem cells. The areas of 
research being pursued in this project combine techniques and conceptual approaches that 
appear to be unique. 

(50) Alkylation of Polynucleotides In Vitro and In Vivo 
($203 K) 

B.A. Singer 

This research is on understanding the biological effects of thymidine alkylation, with 
emphasis on 0 2-alkyl dTTPs, their unambiguous synthesis, mutagenicity, effect on enzyme 
recognition, and effect on polymer structure. Further attempts will be made to make and use 
antibodies to probe structure in helices containing 0 2-alkyl dT. 

A new line of research will be initiated, in collaboration with Dr. Myron Goodman of 
USC. Dr. Goodman studies polymers containing 2-amino purine (2-AP), an ambiguous base 
that can act as G or A. We will take an oligomer with a single 2-AP at a predetermined site 
and find whether 0 4-methyl dTTP can be inserted opposite the 2-AP using DNA polymerase I 
under conditions of high and low fidelity. The results should extend our present knowledge on 
the mutagenic potential of 0 4-alkyl dT. The 2-AP is highly fluorescent and the quench result
ing from true Watson-Crick basepairing would be significantly reduced if no basepair were 
formed. This is a sensitive method for measuring structural detail and will undoubtedly require 
considerable preliminary model experiments. 

The initial steps in chloroacetaldehyde crosslinking are still not verified and our major 
effort will be to isolate a stable adduct on the N4 of 3-methyl cytidine. Using e4CJ
chloroacetaldehyde we would then seek the analogous compound lacking the 3-methyl group, 
from a basepaired oligomer. 

(51) Rapid Transformation Assay 
($88 K) 

M.R. Starnpfer 

We are developing a protocol for detecting carcinogen-induced transformation in vitro of 
human mammary epithelial cells (HMEC) that can be used as a simple, rapid, quantitative 
assay for determining what agents alone, or in combination, may be capable of inducing human 
carcinoma. 

Our laboratory has developed a well-characterized HMEC culture system that provides 
most of the necessary prerequisites for achieving a quantitative assay of transformation in vitro. 
We have a large bank of frozen primary cells from donors of all ages and pathologies; the nor
mal HMEC can be made to profiferate rapidly, both in mass culture and as colonies, up to 20 
passages; the HMEC have been shown to rapidly metabolize benzo(a)pyrene (BaP), forming 
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products and DNA adducts in a pattern similar to that found in cells transformable in vitro; 
BaP is consistently able to induce extended life in cultures of HMEC, and two BaP-induced 
immortal cell lines have been developed. Malignant transformation has been achieved by 
exposure of these cell lines to tumor viruses and oncogenes. 

The main difficulty in obtaining a quantitative assay for transformation of human 
epithelial cells is in defining quantifiable markers of transformation. We are currently explor
ing three possible markers: anchorage-independent growth, binding of specific monoclonal anti
bodies raised against human milk fat globule antigens, and growth in selective media. We hope 
that some of these differing properties will allow us to quantitate the frequency of carcinogen
induced changes in vitro in normal HMEC, BaP-treated HMEC with extended lifetimes, and the 
immortal cell lines, so that the ability of different agents to induce or inhibit transformation 
can be determined. 

(52) Characterization of Human Mammary Cells 
($278 K) 

M.R. Stampfer 

The specific aim of this research is to develop and extensively characterize human mam
mary epithelial cells (HMEC) transformed in vitro by chemical carcinogens, as a means of 
understanding the number and nature of the events occurring during immortal and/or malig
nant transformation. The relationship of these events to expression of functional differentia
tion, involvement of known oncogenes, and response to growth controlling factors will be 
explored in order to suggest possible mechanisms contributing to the development of the 
immortal and/or malignant phenotype. We have already demonstrated that benzo(a)pyrene 
(BaP) can induce an extended life in culture as well as the immortal transformation of HMEC 
from at least one specimen donor and that the exposure of immortal cells to certain sarcoma 
viruses and oncogenes will render them tumorigenic. We are continuing these studies by 

( 1) Characterizing the extended life, immortal transformation, and malignant transforma
tion of HMEC, for a variety of properties associated with malignant progression 
and/or state of functional differentiation. We are looking for the presence or absence 
of coordinate expression of these different markers with each other, and with the 
growth properties of the various cell types. 

(2) Obtaining a larger number and variety of transformed cell types by exposing HMEC 
from one other individual donor to BaP, and by exposing the existing extended life 
and immortal cells to further chemical carcinogens and/or promoters. 

(3) Fusing combinations of immortal cell lines, extended life, and normal dominance or 
recessiveness, and possible complementation groups, for immortality and abnormal 
properties. 

(4) Screening the various HMEC substrates for alteration or activation of known 
oncogenes, as a function of growth state. 

(5) Providing HMEC substrates to other investigators interested in applying their specific 
expertise to this system. It is hoped that this research will provide a well character
ized human epithelial cell system for the study of the etiology and mechanisms of 
human cellular carcinogenesis. 
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D. Structural and Macromolecular Biology 

(53) Resonance Studies in Photosynthesis 
($83 K) 

A.J. Bearden 

Recently mutants have become important adjuncts to photosynthetic research. Various 
mutants have been characterized on a biochemical level, but there has been little or no charac
terization on a biophysical level, i.e., detecting mutant-affected specific electron carriers. This 
work, making use of our long-standing expertise in spectroscopic assays of photosynthetic 
activities, will be to evaluate known mutants and generate new mutants that will provide new 
data on structure-function relations in photosynthetic membranes. Algal mutants of Chlamy
domonas and Scenedesmus are currently available and are claimed to have minimal Photosys
tem I (PSI) activity as measured by the quinol-plastiquinone oxidoreductase activity associated 
with the cytochrome b6-f system. We are currently beginning to obtain data on electron
transfer carriers by optical and electron paramagnetic resonance (EPR) techniques. An impor
tant question is whether a single component or a whole array of proteins are missing in these 
mutants? It is possible to generate new mutants that are sensitive to the electron-transport 
inhibitor DCMU. 

In addition, we will isolate mutants with impaired function with additional specific inhibi
tors (antimycin A, DBMIB, DNP-INT, etc.). Other studies with cyanobacteria utilize concomi
tant research using cloned genes for the various cytochrome complexes that will ultimately lead 
to experiments on site-directed mutagenesis. Another approach utilized is to generate mutants 
through chemicals or radiation as employed for yeast, but using an initial screening process 
based on fluorescence. This screening would be followed by biochemical assays carried out on 
agar plates and then followed by more definite spectroscopic biophysical characterizations with 
individual strains. 

(54) Macromolecular Surfaces by Scanning Tunneling Microscopy 
($37 K) 

K.H. Downing 

The recently developed technology of scanning tunneling microscopy (STM) provides the 
ability to visualize material surfaces at atomic resolution. The application of this technology 
could provide structural information, on a number of biological macromolecules, which has so 
far been impossible to obtain. Our main goal is to use the unique power of the STM to deter
mine the positions of the peptide chain segments on the surface of the purple membrane from 
Halobacterium halobium. These linker segments connect the transmembrane rods of density 
which have been seen in three-dimensional models determined by electron microscopy. 

(55) Lipoprotein Methodology, Structure and Function 
(Training Granta) 
($98 K) 

T.M. Forte 

Purpose and Program Characteristics. The purpose of the program is to train postdoctoral 
fellows and graduate students in the investigation of lipoprotein structure and metabolism. Our 
major expectation is that the trainees will be able to pursue independent careers in arterios
clerosis research or related fields. Training is carried out within the research framework of the 
Lipoprotein Group in the Donner Laboratory, which is a biomedical research facility of 
Lawrence Berkeley Laboratory located on the University of California Berkeley campus. This 
group consists of four established investigators and represents combined expertise in the follow
ing basic areas of lipoprotein research: 
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1. Development of methodologies for identification and quantification of lipoprotein 
subpopulations; 

2. Delineation of the origin, structure, and metabolic fate of HDL subpopulations; 

3. Delineation of metabolic interconversions and interrelationships of VLDL, IDL, and 
LDL subpopulations; 

4. Investigations on regulation of nascent lipoprotein production by cultured liver cells; 
and 

5. Identification of genetic and environmental factors which influence the expression of 
specific lipoproteins subclasses as they relate to dyslipoproteinemia. 

Trainees. Postdoctoral trainees entering the program must have a Ph.D. or M.D. degree. 
Participants are required to have backgrounds emphasizing biochemistry, physiology, nutrition, 
or biophysics. 

Training Facilities. Available core facilities include preparative and analytic ultracentri
fuges, computer facility, Gilford autoanalyzer, apolipoprotein isolation and purification technol
ogy, immunochemical techniques, and nondenaturing gradient gel electrophoresis technology. 

(56) Membrane Proteins: High Resolution Electron Microscopy 
($706 K) 

R.M. Glaeser 

This is a unified and internally self-contained effort to solve the structure of a few specific 
cell membrane proteins. Research is focused on bacteriorhodopsin, halorhodopsin, lac per
mease, PhoE (phosphoporinpq, and the aspartic acid chemotaxis receptor protein. The program 
possesses all technical expertise and research facilities required for isolation and purification of 
the desired proteins, for biophysical and biochemical characterization (and modification, as 
desired), for crystallization, and for crystallographic structure analysis. 

(57) Microdosimetry of Particulates 
($180 K) 

T.L. Hayes 

Research Objectives. This program investigates the basic chemical and physical relation
ships between individual cells in certain plant and animal tissues and the micro-compartments, 
particles, and thin layers that make up the physical surroundings of those cells. The interface 
between the cells in lung and gastrointestinal tract and the major electrolytes of the exterior sur
face of the cells is of particular interest. 

Experimental Approach. Structure and elemental chemical concentrations in particles or 
compartments at the micrometer level are determined with the use of the focused electron 
beam of the scanning electron microscope (SEM). Spatial location of material is maintained by 
rapid freezing, dissection, and SEM analysis of the frozen specimen while still hydrated. Ele
mental chemistry is determined by analysis of characteristic x rays generated in the specimen 
by the probing electron beam. 

Progress. Airway microdissection of frozen hydrated lung has been used to prepare speci
mens for analysis of the surface lining layer of intact alveoli. Intermediate-voltage electron 
microscopy transillumination of whole mounts of tissue or cells has demonstrated the surface at 
higher resolution than conventional SEM as well as the heterogeneity of ice crystal size in cells 
and compartments of the alveolar wall formed during freezing. 

Significance. The continuity of the surfactant layer predicted by the general biophysical 
model of respiration and the quantity of aqueous subphase are being determined in these low-
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temperature electron microscope experiments. Changes in major electrolyte level and ice cry
stallization pattern in individual cells during low-temperature preparative steps provide sensi
tive indicators of the effects of freezing rate on the integrity of cell structure and function. 

(58) Plasma Lipoproteins in Coronary Artery Disease 
($196 K) 

R.M. Krauss 

The major goal of this project is to determine the extent to which changes in plasma levels 
of specific lipoproteins, lipoprotein subspecies, and apolipoproteins are associated with quanti
tative changes in coronary atherosclerosis during the course of a controlled three-year risk fac
tor intervention program. A second aim is to identify those lipoprotein variables that are 
related at baseline to extent of coronary atherosclerosis before initiation of treatment. 

We are carrying out lipoprotein analyses in 300 patients admitted to Stanford University 
Medical Center for management of coronary artery disease (coronary artery bypass surgery, 
transluminal percutaneous coronary angioplasty, or medical treatment). Lipoprotein studies 
will be repeated after one, two, and three yeats of follow-up in all subjects. 

Analysis of lipid and lipoprotein measurements in relation to changes in coronary atheros
clerosis will make it possible to identify those lipoprotein parameters most closely involved in 
this disease process. The results will also indicate whether detailed measurements of specific 
lipoprotein subclasses and apolipoproteins are more informative than conventional lipid meas
urements in predicting the extent of coronary artery disease, and in assessing the effects of stra
tegies directed at its prevention and treatment. 

(59) Human DNA Polymorphisms 
($150 K) 

R.M. Krauss 

The overall purpose of this project is to define genetic mechanisms responsible for regula
tion of human plasma lipoproteins, and to identify specific genetic alterations that may give 
rise to disease states associated with accelerated atherosclerosis. 

Specific goals include definition of human lipoprotein phenotypes based on detailed ana
lyses of heritability of lipoprotein components in families, and investigation of correlations of 
these phenotypes with DNA restriction fragment length polymorphisms (RFLP) using eDNA 
probes for major lipoprotein proteins, which may ultimately lead to definitions of normal and 
pathologic penotypes at the molecular level. 

A second major goal of the research is to investigate genetic control of lipoprotein syn
thesis and secretion, using as a model system yeast cells containing plasmids with one or more 
genes for major human lipoprotein proteins. Ultimately, this system will allow detailed investi
gation of the genetic control of lipoprotein synthesis and secretion, including the effects of 
specific mutations that may elucidate mechanisms involved in normal and pathologic human 
genetic variants. 

(60) Physical Structure of Viruses, Chromosomes, and Cell Nuclei 
($240 K) 

M.F. Maestre 

This is a study of the structure of viruses, nucleoproteins and chromosomes, and other sig
nificant biological structures such as red blood cells. There is particular emphasis on the inter
nal organization of nucleic acids, and, in the case of red blood cells (RBC), the internal organi
zation of polymerized sickle cell hemoglobin (Hb S). This will be attempted by using the 
remarkable optical properties of nucleic acids and proteins (heme and non-heme for the RBC) 
in their various chemical and physical states. 
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The most important methods will be 

1. Circular dichroism (CD) and flow oriented CD; 

2. Circular dichroic microspectrophotometer; 

3. Differential imaging polarization microscopy; 

4. fluorescence detected circular dichroism (FDCD); and 

5. Scattered corrected CD by fluorscat and FDCD methods. 

The above techniques will give information concerning the following properties: 

1. The interactions between the bases of the nucleic acids, the nucleic acids and protein 
complexes and the protein components with themselves in such biological structures 
as viruses, chromosomes, and intact muclei; 

2. The electric and hydrodynamic properties of the protein coats and the average orienta
tion of nucleic acids in viruses, nucleoprotein-DNA and RNA aggregates and/or com
plexes, and the degree of coiling of nucleic acids in intact nuclei and intact cells. 

With the help of the above measurements and the recently developed theory of circular 
intensity differential scattering (CIDS), it is hoped that models satisfying all the measurements 
can be constructed, giving insight on the organization of nucleic acids in biological structures, 
and the polymerization states of the Hb S as a function of oxygen tension in the diseased RBC. 

(61) Advanced Circular Dichrography 
($114 K) 

M.F. Maestre 

This project is the development of improvements and accessories for extending the perfor
mance of circular dichrographs. Using improved apparatus developed at LBL, a commercial 
dichrograph will be modified to provide for routine measurements of the circular dichroism of 
only those fluorescent chromophores in the molecules under study. As a result of the improve
ments, very accurate measurements will be made of the B to Z conformational transitions of 
both DNA, and the A to Z transition in RNA polymers. A stop-flow accessory will permit 
time-course studies on the Z to Z' transitions, which are quite fast. The conformations of oli
gonucleotides, including base-base mismatch, hairpin loops and bulge loops will be studied as 
well as the conformation of apolipoproteins as a function of enzymatic degradation by CD and 
FDCD. 

(62) Lipoprotein Subclasses: Structure, Origin and Metabolism 
($2152 K) 

A.V. Nichols 

This is a study of the structure, origin, and metabolism of subclasses occurring within the 
major classes of human plasma lipoproteins. Motivation for further investigation of lipopro
tein subclasses derives from our studies establishing significant particle size and density hetero
geneity of the major lipoprotein subclasses and an increasing appreciation of the significance of 
subclass levels and metabolism in the definition of lipid disorders and in the etiology of athero
sclerosis. 

This program project involves an integrated and multidisciplinary approach directed to 

l. Detailed characterization of subclass structural and functional properties with 
emphasis on apolipoprotein composition, structure, and conformation; 
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2. Delineation of molecular pathways, enzymic processes, and determinants of formation 
of lipoprotein subclasses by use of model and native precursor lipoproteins; 

3. Utilization of compositional; structural, and conformational properties of apolipopro
teins within subclasses to assist in delineation of metabolic pathways and in isolation 
of immunochemically distinct subclasses; 

4. Characterization of lipoproteins in varying stages of production and development 
(cord blood, cell culture, and interstitial fluid) with the goal of establishing the rela
tionship of such lipoprotein species to mature subclasses in plasma; · 

5. Evaluation of the hereditary and environmental factors responsible for determining 
lipoprotein subclass distributions and interrelationships in normal and pathological 
states; and 

6. Development of analytic computer-assisted procedures, such as gradient gel electro
phoresis, for identification and quantification of lipoprotein subclasses in human 
plasma. 

The interactive design and sharing of technical expertise are integral features of this pro
gram project and provide for efficient development of new information on the role of subc
lasses of lipoprotein in health and disease. 

(63) Immunological Recognition of Model Membranes 
($181 K) 

J.C. Owicki 

This is an investigation of the molecular mechanisms of antibody-mediated recognition of 
membrane surfaces by components of the immune system. The model system will be based on 
monoclonal antibodies directed against a fluorescent hapten, fluorescein, that is tethered to 
lipids or proteins in phospholipid vesicles (liposomes). Using the system, we are exploring the 
chemical and physical factors that determine the effectiveness of the agglutination of mem
branous systems by antibodies. We are extending the system by reconstituting Fe receptors for 
IgG into vesicles, then performing a variety of studies relating to aggregation and opsonization. 
Using electron microscopy and theoretical methods we will improve our understanding of the 
role of interprotein forces in determining the lateral organization and dynamics of cell mem
branes; we will use this approach to understand how the lateral distribution of Fe receptors may 
be related to their function. 
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CHEMICAL BIODYNAMICS DIVISION 

G.C. Pimentel, Division Head 

(1) Photon Conversion/ Artificial Photosynthesis 
($996 K) 

CBD 

G.C. Pimentel 
H. Frei 

M. Calvin 

This program encompasses research directed at a fundamental understanding of the chem
istry of electronically excited molecules and the factors that are influential in the storage of pho
ton energy in, and its recovery from, high-free-energy chemical bonds. 

The first project, under the direction of G.C. Pimentel, investigates the special chemistry 
of electronically excited molecules and atoms with attention to environmental control of 
triplet-singlet reaction-surface transfers. Cryogenic samples are studied by infrared spectroscopy 
and visible/UV fluorescence. Tuned laser excitation is used to map electronic reaction hyper-
surfaces for both unimolecular and bimolecular reactions. , 

The second project, directed by H. Frei, addresses the problem of use, storage, and 
conversion of long-wavelength, near-infrared solar quanta. Laser photochemistry under cryo
genic conditions and laser flash kinetic spectroscopy in room-temperature solution are 
employed to explore prototype chemical systems. · 

The third project, directed by M. Calvin, focuses attention on manganese catalytic func
tion in the oxidation aspect of artificial photosynthesis, on the photon-induced reduction of 
C02 to organic products potentially useful as fuels, and on the use of oxidation-resistant mem
branes such as NAFION both as the separator of the oxidation and reduction sides of the artifi
cial photosynthesis assembly and as the site for initial photon absorption. 

(2) Photosynthetic Membrane Structure and 
Photosynthetic Light Reactions 
($249 K) 

K. Sauer 

Excitation transfer and trapping in reaction centers of photosynthetic membranes occur in 
less than a nanosecond following the absorption of visible light photons. We are investigating 
the kinetics and energetics of this process using wavelength-resolved fluorescence decay meas
urements applied to well-defined preparations of antenna pigment proteins or reaction-center 
complexes. Recent studies using x-ray crystallography from several laboratories have provided 
detailed structural information for several of these proteins, which has enabled us to carry out 
excitation-transfer calculations using exciton theory and/or Forster inductive resonance transfer 
applied to pigment arrays of known geometry. For the cyanobacterial pigment C-phycocyanin 
the Forster mechanism predicts transfer kinetics that are in good agreement with the best avail
able experimental values, indicating that this mechanism is sufficient to understand excitation
transfer steps as 'short as 10-20 psec. We are now attempting to improve the sensitivity of the 
kinetic measurements in the faster time domain. 

Reaction-center complexes often incorporate, or are associated with, antenna pigments 
that have lower-energy excited states than that of the charge-separated donor-acceptor state of 
the reaction center itself. It appears that in these cases there is a thermal activation character to 
the excitation trapping process that results in a pronounced temperature dependence of compet
ing processes, such as fluorescence. We have found a simple relation between the temperature 
dependence of time-resolved fluorescence decay kinetics and the energy separation between the 
antenna excited states and the trap, and we are investigating the role that these low-lying 
excited states play in photosystem architecture and the mechanism of energy conversion. 
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(3) Mechanism of Water Splitting and Oxygen 
Evolution in Photosynthesis 

($165 K) 

M.P. Klein 

Oxygen evolution in photosystem II of green plants is thought to involve reactions 
through a cycle of four states by which electrons are removed from H20 and donated to the 
oxidized P680+ reaction center. The most successful interpretation of the data regarding this 
cycle is Kok's S-state scheme, which postulates a series of five (S0-S4) states through which elec
trons are cycled during oxygen evolution. Manganese is thought to play a central role in these 
reactions. X-ray absorption spectroscopy using synchrotron radiation is used to determine the 
structural and electronic state(s) of the manganese sites. 

In Photosystem-11 particles ofboth spinach and the cyanobacterium Synechococcus sp., we 
have determined that the manganese occurs minimally as a binuclear complex with Mn-Mn 
separation of 2.7 angstroms. Additional Mn occurs at 3.3 angstroms. We have observed a K
edge energy shift of about 1 eV upon the transition from the S1 to S2, implying an oxidation
state change of Mn. Creation of an S0-like state produces a K-edge shift in the opposite direc
tion indicating a reduction of Mn between S1 and S

0
. Removal of the 16, 23 and 33 kDa 

extrinsic peptides by CaC12-washing leaves the Mn cluster essentially intact. Electron spin echo 
spectroscopy on the S2 multiline EPR signal provides the first direct evidence that the Mn 
centers are accessible to solvent water. Illumination at 190 K of PS-11 particles prepared with 
NH3 produces an altered EPR signal whose ESE signals show nitrogen modulation, providing 
the first direct evidence that nitrogen becomes a ligand of Mn. 

( 4) Mapping Photosynthetic Genes in Prokaryotic 
and Eukaryotic Cells 
($249 K) 

J.Hearst 

The purple nonsulfur photosynthetic bacterium Rhodobacter capsulatus provides an 
attractive model for studying the regulation of photosynthetic genes by light, 0 2, and other 
environmental factors. When the concentration of oxygen is lowered, the cell develops an 
extensive intracytophasmic membrane (ICM) and induces the biosynthesis of light-harvesting 
LH-I (B870), LH-11 (B800-B850), reaction-center (RC) complexes, as well as bacteriochlorophyll 
(Bchl) and carotenoids (Crt). Once assembled, the photochemically active complexes harvest 
and convert light energy into chemical energy. The size and structure of the photosynthetic 
apparatus are also influenced by light intensity. 

We are studying the coordinate and differential expression of genes for LH-I and LH-11 
RC polypeptides L, M, and H, and Bchl and Crt biosynthesis in response to light and 0 2 in 
Rhodobacter capsulatus. We have shown that an increase in light intensity causes a decrease in 
the expression of the genes for LH-1, LH-11, RC complexes, and Bchl biosynthetic enzymes. 
However, either high light or oxygen results in inc_reased expression of the genes for Crt biosyn
thesis. We have particularly found that a crt A gene responsible for oxidation of spheroidene to 
spheroidenone is activated by oxygen. These results are interpreted based on the protection 
function of Crt under high light and oxygen. In addition, we have shown that the photosyn
thetic genes for LH, RC and pigment biosynthesis are interdependent. More recently, we have 
shown that the DNA supercoiling may play an important role in the oxygen regulation of pho
tosynthetic genes in R. capsulatus. 



(5) Light-Regulated Expression of Nuclear 
and Chloroplast Gene Expression 
($53 K) 
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J.C. Bartholomew 

Light controls both the replication and the expression of genes in Euglena gracilis. We are 
testing the hypothesis that the organization of gene replication is linked to the transcriptional 
activity of genes. In general, it has been found that genes expressed actively in particular cell 
types are replicated early during the period of genome replication, and silent copies of the same 
gene are replicated late. It is not known whether the transcriptional activity of the genes drive 
the replication order, or vice versa. 

The photosynthetic genes of Euglena gracilis are a very good system for this study since 
both the replication of the cells and the photosynthetic activity are highly regulated by light. 
We have studied the growth ofwild-type and bleached mutants of Euglena in the dark and light 
to compare their cell-cycle properties. We are cloning the genes for light-harvesting chlorophyll 
proteins (LHCP) and for the small subunit of ribulose bisphosphate carboxylase to determine 
their relative positions in the genome and to have probes for studying the expression and repli
cation of the various members of this presumed multigene family. Once the cloning is com
plete, we will synchronize the cells at the beginning of their DNA synthesis period in the cell 
cycle by light-dark training and measure the time in this period at which each member of the 
LHCP gene family is replicated. We want to determine if the order of replication and tran
scription is altered in dark-grown cells relative to light-grown cells. If expression drives the 
time in the DNA synthetic period that a gene is replicated, then mutants or dark-grown cells 
not expressing LHCP should replicate these genes late in S; whereas wild-type Euglena may 
even replicate the expressed copies of LHCP early and silent copies late. 

(6) Plant Hydrocarbon Biosynthesis 
($67 K) 

M. Calvin 
J.W. Otvos 

Hydrocarbon-producing plants are a potential alternative to fossil fuels as a source of both 
energy and chemical feedstocks. Terpenoid compounds (isoprenoids) are one major class of 
hydrocarbon compounds found in many plant species. This diverse class of compounds 
includes monoterpenes, sesquiterpenes, carotenoids, triterpenes (including sterols), 
polyiosprenes (rubber), and others. These compounds share a common biosynthetic pathway 
through the synthesis of isopentenyl pyrophosphate (IPP), the structural backbone of isoprenes. 
Biosynthetic steps to sterols were earlier elucidated from work with animals and yeast, and, 
although studies with plants show many common features with the animal pathway, there still 
remain unanswered questions. Of particular importance to understanding the control of pho
tosynthate allocation to hydrocarbon production are questions of intracellular compartmenta
tion of enzymic steps in the pathway, identification of rate-limiting step(s) in IPP synthesis, and 
the purification and characterization of the enzyme(s) involved in such steps. 

Our current studies are with Euphorbia !athyris. We have used these plants to complete 
our investigation into the cyclization of squalene to form the sterols. We have also isolated 
vacuoles from the latex of these plants and identified these organelles as the site of conversion 
of mevalonic acid into the triterpenoids. Our present work focuses on the purification and 
characterization of hydroxymethyl-glutaryl CoA reductase (HMGR), which we have found to 
catalyze a rate-limiting step between acetyl-CoA and the triterpenoids. We will use the infor
mation obtained in these studies to assess the possibility of manipulating the isoprenoid path
way to increase hydrocarbon yield in plants. 
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(7) Tissue-Specific Gene Regulation 
($103 K) 

66 

F. Leach 
J.C. Bartholomew 

J.E. Hearst 

Our goal in this research is to identify some cellular factors that regulate the tissue-specific 
expression of plant genes. There is evidence that the expression efficiency of genes on the T
DNA of Ri plasmids is dependent upon the plant tissue in which the DNA resides. It is our 
hypothesis that it is factors within the various tissues that regulate the efficiency of expression 
of various genes on the T-DNA. 

Our approach to testing this hypothesis is to use a short-term transfection system to intro
duce into the protoplasts from the roots and leaves of Nicotiana tobacum the Ri T-DNA and 
then to measure the transcription efficiency of the various open reading frames. From the 
known DNA sequence of the Ri T-DNA we are identifying promoters that control the tran
scription of the tissue-specific regulated genes. Constructs have been made containing these 
plant promoters linked to the bacterial gene coding for the chloramphenicol acetyltransferase 
(CAT) enzyme. The activity of this enzyme can easily be measured from cell extracts. By 
transfecting these tissue-specific CAT plasmids into protoplasts in which the promoter is nor
mally inactive, harvesting the transcription products from these cells, and adding extracts from 
tissues in which the promoters are active, we expect to develop an assay for tissue-specific pro
moter activators. Using this assay we will begin purifying the various factors from cells that 
confer tissue specificity on the promoters. 

These studies will give a better understanding of the mechanism of tissue-specific regula
tion of gene activity and may allow the genetic modification of plants to result in tissue-specific 
expression. 

(8) Chemistry of Phycobiliproteins and Phytochrome 
($54 K) 

H. Rapoport 

A complete understanding of the chemistry and stereochemistry of phycobiliproteins and 
of phytochrome is sought to facilitate full understanding of the role of light in regulation of 
gene expression in green plants. The chemical structures of phycobiliproteins and phytochrome 
are being determined, including the detailed nature of the covalent attachments of chromo
phore to protein, by stereospecific systhesis of model chromophores. Chromophore-peptides 
also are being synthesized to ascertain the effect of the peptide-protein on solution conforma
tions and energy transfer. 

Knowledge of this mechanism is required for future improvement in plant growth and 
quality based on genetic engineering at the molecular level. 

(9) Biophysical Chemistry 
($144 K) 

M.P. Klein 
J.C. Bartholomew 

D. Wemmer 

A project under the direction of M. Klein uses Nuclear Magnetic (NMR) spectroscopy. 
NMR spectroscopy has evolved into an extremely powerful tool for the noninvasive and non
destructive study of biological materials. The method is uniquely capable of determining the 
solution conformations, structures, interactions, and dynamics of molecules of biological origin 
and interest. It also provides an unparalleled means for studying metabolism in vivo at the cel
lular, tissue, and intact-animal level. When combined with NMR imaging (MRI), the tech
nique permits a study of the metabolic state of a selected volume of tissue. The totality of 
these techniques is rapidly entering the clinical arsenal, where they promise to provide both 
clinician and researcher fundamental new information for diagnosis and etiology. The research 
performed in this project is designed to provide basic information on the parameters of the 31 P 
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NMR, especially as they apply to biological molecules within the cellular environment. We 
have made considerable progress by being able, for the first time, to relate the chemical shift 
parameters to molecular structure features, including bond lengths and bond angles. 

A study entitled "Tritium NMR Spectroscopy: Unique Opportunities in Biophysics and 
Structural Biology" promises significant expansion in the quantity and quality of information 
that may be obtained from biomolecules. The sizes and molecular weights of biomolecules that 
can now be studied using proton NMR can be extended several fold by observing the tritium 
NMR signals of molecules containing tritium at specifically labeled sites. Observations of the 
metabolism of tritiated glucose has permitted us, for the first time, to observe the in vivo 
transformation of the protonated species during glycolysis. 

Under the direction of J.C. Bartholomew, we are studying the regulation of expression of 
the oncogene N-myc in human neuroblastoma and retinoblastoma cells in culture. The effect 
of various protein synthesis inhibitors on the level of N-myc transcripts in Y79 retinoblastoma 
and LA-N-5 neuroblastoma cells has been determined. Inhibition of protein synthesis by 
cycloheximide, anisomycin, emetirie, and pactamycin all increased the transcript number for 
N-myc in the total mRNA pools threefold after 4 hours for both cell lines. These inhibitors 
were chosen because of their different modes of action in inhibiting protein synthesis. The 
half-life of the N-myc message in Y79 cells measured in the presence of actinomycin D was 30 
minutes. This half-life was extended to many hours when protein synthesis was inhibited. 
Nuclear runoff experiments indicated that the effect of the protein synthesis inhibitors was to 
stabilize the message and not to change the transcription rate for this gene. These observations 
were very similar to the effect of protein synthesis inhibitors on the level of c-myc in HL-60 
pro myelocytic leukemia cells. Inhibition of protein synthesis had no effect or the level of e-ras 
expression in any of these cell lines. These experiments are most consistent with a model that 
the short half-life of the N-myc message in these cells is somehow associated with a 
translation-linked degradation of the specific RNA. Either the mRNA for this gene is degraded 
during its translation, or some specific RNAase is made that itself has a short half-life and that 
specifically degrades this message in the cytoplasm. We are presently testing this hypothesis by 
modifying the structure of the eDNA copy of the N-myc message and reintroducing it into cells 
under conditions in which it is expressed. We are testing the effect of changes in the 3-ft 
untranslated region in determining the lifetime of the message. 

The objective of a project directed by D. Wemmer is to develop NMR methodology and 
appropriate models for detailed structural analysis of biologically important molecules. Using a 
combination of two-dimensional NMR. experiments, together with distance-geometry and 
energy-refinement computer programs, we will be able to generate coordinates for the structures 
of these molecules in solution, and analyze many kinetic and thermodynamic aspects of their 
interactions. The work will examine DNA oligomers with specially chosen sequences to model 
important structures and structural defects such as nicks and gaps in the sugar-phosphate back
bone. These DNAs will also be used to generate closed circular DNAs as models for plasmids 
and for a study of the effects of superhelical strain on the structure and dynamics of DNA. We 
will additionally begin studies of a DNA-binding protein to develop a system for examining the 
effects of structural changes in either the DNA or protein on their interactions. We measure 
hydrogen exchange rates, chemical shifts, and resonance linewidths as a function of tempera
ture. From these we can then determine both the kinetic and thermodynamic parameters for 
association of these molecules. The ability to carry out these detailed characterizations on 
molecules in solution will greatly aid our ability to understand how they function or malfunc
tion under a variety of conditions. We are also using tritium NMR to extend the application of 
NMR techniques to larger systems than have previously been technically feasible. 
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(10) Structural Biology Center 
($350 K) 

68 

J.E. Hearst 
H. Rapoport 

J.C. Bartholomew 

In the research directed by J.E. Hearst, the goal is the determination of a fundamental 
understanding of the mechanisms of mutagenesis. The essential features of this approach 
include the site-specific modification of an infectious viral DNA molecule by reaction with a 
polynuclear oxygen-containing molecule (psoralen) or a polynuclear aromatic heterocyclic 
amine. The complete stereochemical characterization of the adduct between the polynuclear 
reagent and the DNA allows for the separation of the various addition products to a chemically 
synthesized oligonucleotide. The homogeneously modified oligonucleotide is then site
specifically inserted into the viral DNA at a restriction site in the RF of the M 13 molecule. 
The modified M13 DNA molecule is then studied in vitro as a template using various replicat
ing and transcribing enzymes. The errors made by these enzymes at the modified position will 
be isolated and chemically characterized. The modified M13 DNA molecule will be used to 
infect an E. coli culture, and the viral products of this infection are cloned. The clones will 
then be sequenced in the region of the modification to establish the errors in DNA replication 
that are made in vivo. 

In the project directed by H. Rapoport, the objective is the development of procedures for 
the chemical synthesis of deoxyribonucleic acids that site-specifically and stereo-specifically 
altered thymidine residues. Site-specifically placed psoralen cycloadducts ascribe numerous 
valuable functions to these synthetic oligonucleotides. They provide the first known method 
for the study of chemical mutagenesis in which the detailed stereochemical structure of the 
chemical modification inducing the mutation and its precise position are known. The altered 
oligomers will also provide methods for the site-specific chemical recognition or cleavage of sin
gle stranded DNA or RNA. They will allow for the site-specific placement of a psoralen 
monoadduct on a high-molecular-weight RNA single strand for the site-specific measurement of 
helical secondary structure of that region with other regions of the same RNA molecule or with 
other RNA and DNA molecules. Finally, these modified oligonucleotides will. be excellent 
short hybridization probes for specific nucleic-acid sequences. 

J.C. Bartholomew is directing studies of the factors involved in maintaining the stability 
of the human genome and how chemical carcinogens interfere with this control. Our 
hypothesis is that adducts on the DNA induce unscheduled DNA synthesis that results in gene 
amplification and/or rearrangements. The system we have been studying is the maintenance of 
extrachromosomal DNA in human cell lines. We have found that two human cell lines 
transformed with wild-type SV 40 maintain the viral DNA as extrachromosomal copies. The 
extrachromosomal DNA in each case contains a deletion that we have mapped to the interven
ing sequence of the gene for the T-antigen. The pool of exogenous DNA contains up to 400 
copies of the mutated DNA; however, the number of these episomal sequences depends on the 
conditions of growth of the cells. We have cloned this DNA and sequenced the region contain
ing the deletion to determine its precise boundaries. We have found that the deletion somehow 
results in the ability of the DNA to maintain replication in the human cells and that the repli
cation is coordinated with the cellular genome. When transfected into monkey cells, the extra
chromosomal DNA from human cells replicates efficiently when provided with wild-type T
antigen in transformation. When lacking the T-antigen, the DNA recombines with the host 
genome, picking up sequences that correct the deletion to allow replication. 

In the second part of our studies, we have constructed an M 13 vector containing the SV 40 
origin for DNA replication. This vector is unique in that it replicates both in animal and bac
terial cells and can readily be used to screen for mutations that affect the beta-galactosidase 
gerie expression. This vector is being used to study the effect of carcinogen adducts on the 
replication and mutation of the vector. At present we are looking at adducts randomly placed 
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on the vector but are also synthesizing a form of the vector with a psoralen molecule placed at 
a specific site on the DNA. We have shown that the vector without adducts is able to replicate 
in Cos 7 cells, and we are presently testing its replication in various human cell lines. We will 
look for mutations in the DNA at the site of the adduct by screening the replicated plasmids for 
beta-galactosidase activity expressed in E. coli. The mutations will be characterized at the 
sequence level. Using various human cell lines with varying DNA repair capabilities, we hope 
to identify the role of repair in the replication of carcinogen-adducted DNA. 

(11) Structural Biophysics 
($206 K) 

S.-H. Kim 

There is compelling evidence that human cancer develops as a consequence of changes at 
the DNA level in some members of a selected set of cellular genes. These changes are brought 
about by various environmental factors such as chemicals and radiation or other factors such as 
virus or spontaneous errors in cellular control elements. To understand the consequence of 
these changes, two systems we chose for study from the structural viewpoint: DNA damaged 
by a combination of chemicals and radiation and an oncogene product family in which tumori
genic proteins are coded by the changes in DNA. 

DNA Damaged by Psora/en and UV. Psoralen-cross-linked DNA is one of the most stu
died damaged DNAs. At present a substantial amount of biochemical data are available, but 
little is known about the structures of the damaged DNA and their intermediates. We plan to 
use a combination of methods such as x-ray crystallography and nuclear magnetic resonance 
(when experimentation is possible) and model-building and energy calculation (when experi
mentation is not possible). 

Ras Oncogene Products. There is strong evidence that the oncogene products play a key 
role(s) in causing many human tumors. One of the best-characterized oncogene families is that 
of the ras oncogene. In this family, the normal proteins and the "activated proteins" (that 
cause tumors) differ by only one qr two amino acids. Our plan is to determine the three
dimensional structures of both of the classes of proteins by x-ray crystallographic methods, 
correlate the structures with their biochemical properties, and suggest other biological functions 
including possible normal cellular functions of the protein. 

(12) National Tritium Labeling Facility 
($555 K) 

H. Rapoport 

This is a national facility both for carrying out research into the labeling of compounds to 
high specific activity with tritium and for providing a tritium-labeling service for other investi
gators throughout the country. This laboratory is moving toward the development of com
pounds and techniques to allow 3H-NMR studies ofbiological macromolecules. 
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EARTH SCIENCES DIVISION 

T.V. McEvilly, Division Head 

ESD 

T.V. McEvilly 

This is a broad program in fundamental research to further the s~ientific basis for 
recovery and use of fossil fuel and minerals from the earth, the extraction of energy from hot 
brines and magmas, and the safe underground disposal of wastes. Program topics at LBL 
include dynamics of subsurface reservoirs, physical behavior of fractured, fluid-saturated rocks 
under high temperatures and pressures, physical and chemical properties of magmas, thermo
dynamics of electrolytes, generation and migration of petroleum compounds, occurrence of 
abiogenic methane, improved combustion processes, and state-of-the-art geophysical investiga
tions employing unique electromagnetic and seismic methods. 

Other studies pursue the longer-range goals of the Geoscience Program: to better under
stand the structure and dynamic processes of the earth's deep crust and how they may influence 
energy programs. In this respect, investigations associated with the Continental Scientific Dril
ling Program (CSDP) are under way, including geochemical and geophysical studies in the Long 
Valley Caldera of eastern California, similar work in the Valles Caldera of New Mexico and the 
Salton Trough of southern California, and the compilation of comprehensive data bases on 
topics of interest to the CSDP scientific community. 

(2) Geothermal Research 
($900 K) 

M. Lippmann 

This multidisciplinary program includes field, theoretical, and modeling activities whose 
purpose is to develop, improve, and validate methods and instrumentation to: 

1. Determine geothermal reservoir parameters; 

2. Detect and characterize reservoir fractures and boundaries; and 

3. Identify and evaluate the importance of reservoir processes. 

The objective of the program is to advance the state of the art for characterizing geothermal 
reservoirs and evaluating their productive capacity and longevity under commercial exploita
tion. 

A geophysical segment of this program involves the development and testing of instru
mentation, field techniques, and data processing and interpretation. Under investigation are 
advanced seismic and electromagnetic techniques for fracture detection and for reservoir del
ineation and mapping. 

A second focus of the program is to develop well-testing techniques, laboratory methods, 
and mathematical modeling codes to analyze and evaluate geothermal reservoirs. Under study 
are various reservoir engineering methods to characterize and simulate the dynamic behavior of 
liquid- and vapor-dominated systems under natural and exploitation conditions assuming either 
constant or changing fluid compositions or fracture or porous reservoir-rock conditions. 
Laboratory work includes the measurement of relative permeabilities of rocks to water-steam 
mixtures under high-temperature conditions and the study of fluid flow through fracture net
works. Another extension of the geothermal research program is to improve our capability to 
numerically simulate the response of geothermal systems to cold wastewater injection taking 
into consideration physical and chemical effects. These methods, developed to monitor and 
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predict the behavior of the reservoir, will allow optimizing the design of fluid-injection opera
tions for extracting the heat stored in the subsurface. 

A significant part of the program is devoted to the compilation and analysis of data from 
U.S. and foreign geothermal systems (e.g., Klamath Falls, Oregon; The Geysers, Long Valley, 
and East Mesa, California; Cerro Prieto, Mexico; Krafla, Iceland; and Olkaria, Kenya). The 
main objectives of this activity are to validate in the field, or against field data, the techniques 
and instrumentation developed under this program and to add to our understanding of the 
characteristics and processes occurring in geothermal environments. 

(3) Enhanced Oil Recovery Techniques 
($300 K) 

C. Radke 

This is an investigation of the recovery of acid oils with simple alkaline agents, a poten
tially economic and efficient process. The efficiency of tertiary recovery must be increased by 
improving mobility control, and the amount of alkali loss by rock reactions must be reduced. 
The approach being investigated in this research is the use of inexpensive additives to the caus
tic that will improve oil recovery and provide a source of multivalent cations for suppressing 
alkaline silica dissolution. 

(4) Studies of Aquifer Contamination 
($1500 K) 

C.N. Tsang 

Groundwater contamination as a consequence of half a century of indiscriminate dumping 
and spillage of toxic waste has become a major problem all over the U.S. Several complemen
tary studies are defining the technical issues and developing improved methodologies for under
standing and predicting contaminant transport in groundwater systems. Existing codes are 
being modified for contaminant transport applications and will be validated by the data from 
field experiments and case-history studies. A compilation of analytical and numerical methods 
has been published as a Water Resources Monograph of the American Geophysical Union. A 
major effort is aimed at the hydrogeochemical and ecological characterization of the Kesterson 
reservoir and determination of the extent and intensity of selenium groundwater contamination 
for design of remedial measures. 

(5) Assessment of Nuclear Waste Isolation 
($300 K) 

J. Apps 

In fulfilling its regulatory responsibilities relative to geologic repositories for nuclear waste, 
the Nuclear Regulatory Commission (NRC) must evaluate proposed site plans to assess the 
validity of the technologies used, accuracy of measurement instruments and techniques, reliabil
ity of predictive computer models, and legitimacy of alternative isolation schemes. This 
research program addresses geochemical problems of major concern to the NRC: to provide a 
scientific foundation for the related NRC functions and responsibilities. 

Activities include theoretical and experimental geochemistry studies to develop an under
standing of container, backfill, and rock water to nuclide interactions. Emphasis is placed on 
testing the validity of current thermodynamic data bases used for geochemical modeling and on 
studying the mechanisms controlling the oxidation state of groundwaters. 



(6) Geologic Storage of Nuclear Wastes 
($3000 K) 

73 ESD 

P. Witherspoon 

This is a multidisciplinary study of several geoscience topics fundamental to the safe .. 
long-term storage of nuclear wastes in geologic environs. The studies are focused on under
standing and predicting the physiochemical processes occurring between buried radioactive 
materials and the surrounding rock and on the transport of any leached radionuclides. Topical 
investigations include the development of numerical techniques for predicting radionuclide 
migration, modeling of fluid flow through complex fracture-porous rock systems, and develop
ment of methods to measure the in situ characteristics of rock masses. These studies furnish 
information fundamental to designing repository containments and measuring the long-term 
performance of storage sites. Additionally, engineering studies address the geologic questions 
central to repository development at specific sites and, in conjunction with DOE management, 
construct site-testing plans to clarify geotechnical engineering problems. 
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ENGINEERING DIVISION 

f L.J. Wagner, Division Head (Acting) 

(1) Keck Observatory Primary Mirror Support 
($13,500 K) 

ED 

A.O. DuBois 
R.C. Jared 

LBL has undertaken the design, prototype development, construction, and installation of a 
computer-controlled mirror-support system for the world's largest optical astronomical tele
scope, which will be installed on Mauna Kea, Hawaii. The engineering is a follow through of 
an earlier LBL effort in support of a University of California proposal to build a tO-meter
diameter optical telescope. The telescope is currently a joint project of the California Institute 
of Technology and the University of California under the direction of the California Associa
tion for Research in Astronomy. 

This mirror-support system will support and control the attitude of each of the 36 seg
ments of the 1 0-meter-diameter primary mirror so as to maintain the desired overall shape and 
orientation. The mirror support consists of passive structural elements that support the 36 
individual mirrors plus active control elements that sense and control the position of the indi
vidual mirrors. 

(2) Application of Permanent Magnets 
($300 K) 

K. Halbach 

It has become more and more important in recent years to produce strong magnetic fields 
in working volumes that have at least one very small linear dimension. Examples are magnetic 
lenses in particle accelerators and particle-beam transport systems and wigglers and undulators 
for the production of electromagnetic radiation. Unfortunately, the fields obtainable with elec
tromagnets become weaker as magnetically important dimensions become smaller. The reasons 
for this are practical limits on the current-density in coils due to cooling limitations, combined 
with the saturation properties of soft magnetic materials. Since this current-density limitation 
does not exist for permanent magnet systems, they will always produce larger fields when criti
cal dimensions are smaller than a value determined by the nature of the wanted field distribu
tion. Using an undulator or wiggler as an example, we find that permanent-magnet insertion 
devices will generally have better performance when the period is below 30 em. For the case of 
a quadrupole, the critical aperture radius is of the order of 1 em. 

It is the purpose of this project to bring the permanent-magnet devices developed so far to 
maturity with regard to reliability (e.g., it is desirable to have a guarantee that one can cycle an 
adjustable-strength permanent-magnet quadrupole between two extreme gradients at least 
10,000 times) and field quality. The latter will be particularly important for the insertion dev
ices needed for the next generation of synchrotron light sources. Consequently, the effect of 
construction and material tolerances on field quality will be investigated, and improved con
struction methods will be developed. 

In addition, work will proceed to incorporate permanent-magnet materials into elec
tromagnets, to make it possible to produce fields with permanent-magnet-assisted electromag
nets of the same strength that permanent magnets produce. This work is particularly important 
for tapered undulators in free-electron lasers, where one needs the combination of permanent
magnet strength and electromagnet variability. In many applications of undulator-produced 
synchrotron radiation, extremely accurate positioning of the center of the synchrotron radiation 
pattern is necessary. In order to position the electron beam to a correspondingly accurate loca
tion, one needs to measure its position with equal accuracy. An effort is underway to develop a 
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better understanding of beam position monitors, providing a tool for both better analysis and 
design of such devices. 

(3) Infrared Spatial Interferometer (lSI) 
($850 K) . 

R. Fulton 
A. Arthur 

LBL is providing engineering and project-management assistance to Prof. C.G. Townes, 
University of California, Berkeley, in the design and fabrication of a mobile twin-telescope 
interferometer incorporating an infrared heterodyne detection system. The _system design will 
permit astronomers to make interferometric measurements with varying baseline lengths and 
orientations and will be used to measure stellar positions and motions, the size and intensity 
distribution of small objects, gravitational deflection, the earth's rotation, and satellite posi
tions. 

The lSI includes two identical Pfund-type telescopes, each incorporating an 80-inch. opti
cal flat mirror in an altazimuth mount and a stationary 65-inch f3.14 parabolic mirror. These 
mirrors reflect and focus infrared energy of 5-~tm to 1 0-~tm wavelength onto detectors at each 
telescope's focus. 

The telescopes are mobile in order to vary the interferometer baseline length and orienta
tion and to conveniently relocate the complete system to various observing sites. Mobility, 
security, and shelter for the telescopes are provided by installation of the mirror mounts and 
focal region on semitrailers, the superstructures of which can be opened to permit observing. 

Engineers from LBL have assisted in the design and fabrication of the telescope mirrors, 
structures, and trailers. The control system for the telescopes uses distance-measuring laser 
interferomenters to provide high-precision pointing capabilities. Much of the hardware and 
software for this new telescope control system was provided by LBL. 

( 4) Atomic and Molecular Detection 
($113 K) 

T. Hadeishi 

Accurate, sensitive, and highly selective detectors are required to monitor emissions, 
effiuent streams, and ambient air and water. This project uses gaseous discharge sources to 
produce light, modified by application of magnetic fields, to measure absorption due to specific 
molecules in samples and, thereby, to detect and quantify the concentrations of the species. 

(5) Physical Methods for Chemical Analysis 
($167K) 

J.M. Jaklevic 

The focus in this project is on the application of x-ray and charged-particle spectroscopy 
techniques to the analysis of samples that may have environmental or commercial origins. 
Much of the early work focused on x-ray fluorescence (XRF) techniques; this was comple
mented by work on x-ray diffraction methods using multielement detectors to speed up the 
analysis for chemical species. The virtues of the intense narrow-line x-ray sources at synchro
tron light facilities have been explored using both the extended x-ray fine-structure and more 
conventional XRF techniques. Charged-particle methods are being developed and used for 
depth profiling of sample surfaces (such as semiconductors) of interest to industry. 
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(6) Semiconductor Radiation-Detector Technology 
($398 K) 

ED 

F.S. Goulding 
E.E. Haller 

This project is designed to develop the technology of radiation detectors with emphasis on 
semiconductor and other solid-state detectors. The work includes basic detector material stu
dies, development of new types of detectors, and specialized electronic signal-processing tech
niques. The foundation of modern spectroscopy using semiconductor detectors has been laid 
by this project. 

Recent work has focused on native defects in germanium and silicon and on defects and 
detector performance. Work is in progress on multielement silicon detectors and on-chip tech
niques for readout from these detectors. Recent work has also resulted in some very significant 
developments in signal processing that improve both the energy resolution and counting-rate 
performance of spectrometers. The results produced by this project are rapidly used by a 
number of American companies involved in materials, detector, and spectrometer-system 
development. 

(7) Advanced Detector Systems 
($114 K) 

R.H. Pehl 
F.S. Goulding 

This project is to develop the techniques, detectors, and hardware required for major areas 
of nuclear research performed at national and private laboratories in the United States. The 
results of this work are of great value to other areas of research, such as astrophysics and 
nuclear medicine. 

Work on semiconductor detector telescopes continues with emphasis on thin contacts. 
Work has continued on multistrip silicon detectors having position resolution in the 10- to 
1 00-~-tm range; these detectors may assume considerable importance in large systems used to 
detect the products of relativistic heavy-ion collisions. Interest in the neutrinoless double-beta 
decay of 76Be has led to work on ultra-low-background germanium-detector systems. A specific 
experiment (with University of California Santa Barbara) has a goal of setting a limit of 1024 

years on the decay half-life (equivalent to l-eV neutrino mass). 

(8) Double-Beta Decay in 76Ge 
($140 K) 

F.S. Goulding 
A.R. Smith 

Observation of the neutrinoless double-beta decay process occurring in 76Ge (or other can
didate nuclides) would represent the first observation of nonconservation of leptons in nuclear 
processes, and a measurement of the decay half-life would provide a determination of the mass 
of the Majorana neutrino. Working with a University of California Santa Barbara group, we 
have developed a germanium detector system (eight detectors, 7.5 kg of Ge) surrounded by 
active (Nal) and passive shields. The experiment is designed to set a half-life limit of over 1024 

years in about two years of counting. This would establish a Majorana neutrino mass limit 
near 1 eV. The experiment has now operated for approximately two years in this mode, and a 
half-life limit of about 6 X 1023 years has been established (mv less than 1.5 eV). Modifications 
are being made to two of the germanium detector systems to lower the energy threshold to per
mit a search for missing-matter particles with masses greater than 10 Ge V /c. 

(9) Lung Density Determination by Compton Scatter 
($140 K) 

B. Loo 

A technique is being explored and tested that uses a radioactive source to irradiate a 
cylindrical "pipe" of the lung and a small germanium detector with adequate energy resolution 
to observe the scattered radiation and determine the origin of each scattered photon. Since the 
scattering rate is proportional to density, this will permit a fast measurement of the density-
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depth profile of the lung. An instrument based on this principle has been designed and built 
and is being tested in studies of pulmonary edema. 

(10) Measurement of Neutron Spectra and Fluence in an Accelerator J.B. McCaslin 
W.P. Swanson 

An important consideration in the early design stages of conventional facilities for a 
charged-particle accelerator, such as the Superconducting Super Collider (SSC), is the protection 
of accelerator components, control circuitry, and detectors within the accelerator enclosure 
from radiation. In particular, neutron-induced defects (displacements, transmutations, etc.) are 
important mechanisms for semiconductor degradation and eventual failure. Therefore, the 
designer needs detailed knowledge of the radiation field within the accelerator tunnel. Quanti
tative information that is essential for predicting neutron fluences within the tunnel on the pro
posed SSC was obtained in the tunnel at the Fermilab Tevatron using a Bonner-sphere neutron 
spectrometer and other instruments. 
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INFORMATION AND COMPUTING SCIENCES DIVISION 

A.X. Merola, Division Head (Acting) 

(1) Information Analysis Techniques: Data Management Research 
($600 K) 

A. Shoshani 

The purpose of the Scientific Database Management Research Program is to develop 
data-management techniques suited to scientific and statistical applications. Because scientific 
and statistical applications have different requirements from conventional commercial Data 
Base Management System applications, new techniques are required to effectively support these 
applications. The research program is composed of two types of activities: first, the analysis of 
scientific and statistical data-management applications to identify special requirements and, 
second, efforts to develop methods that meet these special requirements. 

Such requirements arise from the structure and semantics of the data (e.g., sparse multidi
mensional tables, temporal data) and the operations that need to be performed over them (e.g., 
transposition, aggregation, random sampling, proximity searches). Accordingly, the research 
program has proceeded to develop new techniques for the efficient storage organization of the 
data, new algorithms to access and manipulate the data efficiently, and new data-modeling 
methods to capture the semantics of scientific data. 

Specific research topics have recently included: data-compression methods that provide 
rapid random access, random sampling from relation data bases, temporal data modeling and 
access methods, bit transposed file designs, efficient multidimensional transposition algorithms, 
optimization of multidimensional storage structures, distributed query optimization, and distri
buted summary data. 

(2) Populations at Risk to Environmental Pollution (P AREP) 
($200 K) 

D.W. Merrill 
S. Selvin 

The PAREP project focuses on the collection, analysis, and interpretation of data pertain
ing to relationships between human health and environmental pollution. A major focus of the 
effort is the development of statistical a·nd computational techniques for the analysis of ecologic 
summary data, especially small-area geographic data. The availability and completeness of 
summary ecologic summary data, together with these techniques, make them useful for quickly 
investigating alleged departures from expected disease rates, for generating etiologic hypothesis, 
and for planning clinical trials, case control, or cohort studies. 

The PAREP project database forms an important and integral part of the Socio-Economic 
Environmental Demographic Information System (SEEDIS), which provides access to large 
quantities of socio-economic data, population counts, environmental data, and other relevant 
information, along with the tools to integrate, analyze, and display data. SEEDIS now contains 
the most complete existing collection of on-line numeric data for public-health research. 

Current research includes the exploration of statistical confounding as it applies to epi
demiologic data, the study of the impact of the use of two types of variables in the same regres
sion equation, the analysis of Stein's method for predicting disease rates, and the further 
development of the density equalizing transformation for identification of disease clusters. 
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(3) Preventive Health Information System 
($200 K) 
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D.W. Merrill 
H.B. Holmes 

The goal of this project, being undertaken as a collaborative effort with the Centers for 
Disease Control (CDC), is to develop a national Preventive Health Information System. This 
system will be designed to provide access to a wide variety of data and tools needed in epi· 
demiological investigations, to be useful to epidemiological investigations, and, to be useful to 
epidemiologists and health officials in national, state, and local organizations. While the design 
of this system will be based on SEEDIS functionality, some components wilJ be redesigned or 
reimplemented to meet the performance and functional requirements of the new system. 
Development activity will focus on a new user interface, data catalog, and efficient retrieval 
software. It is expected that the new system will be partitioned into a client/server mode. The 
client, residing on a workstation, contains the user interface, display software, current version 
of data catalog, and local data; the server contains the complete data archive, retrieval system, 
and other facilities that are centralized. 

(4) Data-Management Technology Program 
($1500 K) 

C. Quong 
H.H. Holmes 

The purpose of the data-management technology program is to advance the technology 
needed to build very large distributed-information systems. This work extends LBL's ongoing 
scientific data-management research in the areas of summary data, query optimization, faceted 
classification, distributed database management, and metadata management. A distributed test 
and evaluation facility (DSTEF) is being built to support research and development activities 
and the testing of concepts and various software implementations resulting from or useful to 
this program. 

This program conducts work in artificial intelligence (AI)jexpert systems that has broad 
applicability in fields that have large amounts of information and a body of human expertise 
necessary to use that information. An AI platform of AI languages, shell packages, and tools is 
being built on the DSTEF to provide an experimental and developmental facility to advance 
the· techniques and methods useful for expert decision-support systems and expert data
management systems. The requirements of the project will also extend the state of the art of 
information resource directories and associated software for organizing very large and complex 
bodies of information stored in distributed systems. The models, techniques, and concepts 
developed in this project are expected to be used by information engineers to build very large 
distributed information systems. In these systems the knowledge base is to be maintained by 
computer applications, whereas access, analytical, and presentation capabilities are facilitated at 
the highest cognitive level for end users. 

(5) Scientific Information Management 
($200 K) 

J. McCarthy 

This project is a research and development effort to make a broad range of scientific data 
more easily accessible to DOE users. The project is currently designing and implementing an 
experimental prototype system to store, index, search for, and retrieve diverse types of scientific 
data, including numeric tables, formulae, symbols, graphic images, and bibliographic citations 
from a variety of data bases. The goal is to provide users with appropriate computer tools to 
find and access these types of data with the same ease that they currently access bibliographic 
data using systems such as RECON or DIALOG. 

The initial prototype will focus primarily on materials properties data of interest to a 
select group of design engineers and analysts at DOE laboratories. It will be accessible via the 
ARPNET and local area computer networks within individual laboratories. It is anticipated 
that this prototype will demonstrate some of the potential advantages over current methods of 
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distributing such information via regular printed media: it makes recent findings available 
more quickly, it facilitates searching for information in a wide variety of ways, it provides for 
direct transmission of numeric and nonnumeric data that can be used directly by other com
puter programs for design and analysis, and it minimizes error-prone manual methods for 
entering and checking data. 

(6) Supercomputing Access Tools 
($230 K) 

D. Hall 
W. Johnston 

The goal of the Supercomputer Access Tools effort is to provide advanced methods for 
integrating supercomputer facilities with front-end machines. Team members work closely with 
LBL supercomputer users to identify areas where integrated techniques can be of greatest bene
fit. Methods for splitting work between front-end machines and back-end machines are the 
current focus of this effort. Tools developed include a low-cost video-movie workstation for 
supercomputer graphics, a remote procedure call interface to the video-movie workstation, a 
software analyzer for predicting performance of existing programs under partitioning, and a 

·prototype full-screen editor for remote files. 

The video-movie workstation provides an easily used method of displaying time
dependent modeling results. It accepts standard supercomputer graphics files and transforms 
them into movies on video-cassette tape. The station is made from off-the-shelf components 
and costs less than $10,000. 

Remote procedure· call (RPC) software provided by Sun Microsystems has been added to 
the video-movie workstation. This places the workstation under control of software on the 
front-end machine. The video-movie workstation can now be treated as a device on the front
end system rather than as a separate computer system. 

Plans for the video-movie workstation include implementation of efficient compression 
algorithms for both text and raster images. This increases the efficiency of data transfer 
between the supercomputer and the workstation. Acquisition of a video-disk system is also 
planned to augment the video-cassette system. 

A tool for modeling performance of distributed programs was developed. It is unique in 
that it predicts the performance of existing single-processor programs under arbitrary partition
ing assumptions. Thus, a cost-benefit analysis of code partitioning can be made without the 
expense of an actual implementation. 

Based on predictions of the modeling tool, two distributed implementations of the Unix 
editor vi were developed and tested. 

An analysis of the effect of distributed computing technology on wide-area network
capacity requirements was made. It was shown that productivity of scientists can be signifi
cantly enhanced by extending the local-area network facilities to wide-area networks. A need to 
increase wide-area network bandwidth by three orders of magnitude was predicted for the five
to-ten year future. 



83 

MATERIALS AND CHEMICAL SCIENCES DIVISION 

N .E. Phillips, Division Head 

(1) Electrode Surface Chemistry 
($50 K) 

MCSD 

P.N. Ross 

The anode material in high-temperature fuel cells is a transition metal (e.g., nickel) stabil
ized with a ceramic oxide (e.g., chromia). Recently obtained thermodynamic data on interme
tallic compounds suggest that at the operating temperature of the solid oxide fuel cell, solid
state reactions should occur between the metal and the ceramic oxide, leading to partial oxide 
reduction and intermetallic phase formation. The progress of these interfacial reactions is being 
followed by the use of surface analytical tools like Auger electron spectroscopy and x-ray pho
toelectron spectroscopy. Preliminary results have shown that the interfacial chemistry occur
ring during these solid-state reactions is quite complex, with unexpected surface diffusion of 
reduced oxide moeities over the metal surface far (> 100 om) away from the interface. The 
influence of the suboxide on the surface of the transition metal on the kinetics of fuel gas 
(hydrogen and carbon monoxide) electrooxidation is under study. 

Our approach to the study of the metal/ceramic interfacial chemistry, and its influence on 
electrooxidation activity, is to use thin-film geometries as model systems for the real fuel-cell 
anode. Thin films of ceramic are deposited on metal single crystals and annealed in a hydrogen 
atmosphere at fuel-cell operating temperatures. Likewise, thin metal films are deposited on 
single-crystal ceramic materials and annealed in hydrogen. The use of single crystals makes the 
identification of new phase formation possible by electron-diffraction methods. The metal-on
ceramic systems are studied to determine the reactions occurring and phases forming when the 
ceramic is in excess, with the opposite being the case for ceramic-on-metal films. These 
extremes of stoichiometry will simulate the heterogeneous environment of the metal in the 
ceramic anode of the fuel cell. The interfacial reactions and chemisorption behavior of the sur
face are studied using an environmental cell coupled to a UHV surface analytical chamber. 

(2) Chemically Modified Electrodes for High-Power 
Hydrogen-Oxygen Fuel Cells 
($80 K) 

P.N. Ross 

A new concept in electrochemical cells is proposed as an electrical power source for 
space-based weapons platforms having both a sustained power and pulse power capability 
integrated into a single unit. The objective of this project is to conduct proof-of-concept studies 
of chemically modified electrodes in hydrogen-oxygen fuel cells which achieve a combination of 
sustained faradaic reactions of hydrogen and oxygen together with capacity discharge of surface 
layers to produce pulses of very high current. 
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(3) Electrochemical Energy Storage 
($1200 K) 

84 

R.H. Muller 
C.W. Tobias 

P.N. Ross 
J.W. Evans 

L.C. De Jonghe 
J. Newman 
E.J. Cairns* 

*Affiliation: Applied Science Division 

The overall aim of the program is to improve energy efficiency, lower capital cost, and 
increase materials yield of electrochemical-cell processes employed for the reversible conversion 
of energy in galvanic cells. These goals are pursued in nine partially interdependent projects. 

Surface Morphology of Metals in Electrodeposition: Role of electric-field and solution-side 
mass transport in the electrocrystallization of metals; mechanism of initiation, growth, and pro
pagation of surface imperfections; development of surface textures. 

Metal Couples in Nonaqueous Electrolytes: Exploration of organic solvents for the effi
cient deposition and dissolution of reactive metals. 

Engineering Analysis of Electrolytic Gas Evolution: Characterization ·of the physical 
processes involved in the evolution of gases at electrodes, with emphasis on their effect on 
ohmic resistance and mass transport. 

Surface Layers on Battery Materials: Experimental characterization of surface layers on 
electrodes and new approaches to controlling their properties. 

Analysis and Simulation -of Electrochemical Systems: Development of mathematical 
models to predict the behavior of electrochemical 'Systems and to identify important process 
parameters; experimental verification of the models. 

Electrode Kinetics and Electrocatalysis: Oxygen reduction with new catalysts and carbon 
black corrosion during oxygen evolution. · 

Electrochemical Properties of Solid Electrolytes: Electrochemical behavior of sodium beta 
and beta alumina for use in the sodium sulfur cell at temperatures between 200°C and 400°C. 

Battery Elec_trode Studies: Processes in electrodes for aqueous and molten salt electrolyte 
systems. 

Electrical and Electrochemical Behavior of Particulate Electrodes: Electronic conduction 
and metal dissolution/deposition in particulate electrodes. 

( 4) Electrochemical Science 
($205 K) 

Electrochemical Processes C.W. Tobias 

This program is designed to advance the scientific foundations of electrochemical 
engineering and to broaden the range of useful applications of electrochemical transformations. 
Present emphasis is on exploring novel methods for reducing mass transfer resistance in high
rate applications, including electroforming of metals and electro-organic synthesis. The effects 
of fixed flow obstacles and suspended inert solid particles in flowing electrolytes on transport 
rates and current distribution are measured over broad ranges of process variables; theoretical 
models are advanced for the interpretation of mechanisms. Nonaqueous ionizing solvents are 
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explored for potential use in ambient temperature electrosynthesis processes, e.g., in the extrac
tive metallurgy and electroplating of reactive metals. 

Electrochemical Phase Boundaries R.H. Muller 

The purpose of this work is to advance the understanding of boundary layers and thin 
films at electrochemical interfaces. Boundary layers control the chemical environment in which 
electrode processes take place and are often responsible for limiting the specific rate at which 
reactions can be conducted. Thin films and adsorbed layers on electrodes greatly affect the 
kinetics of electrode reactions, such as the electrodeposition and dissolution of metals, and con
trol the chemical properties of most metals in liquid environments. New optical techniques for 
the observation of electrode surfaces in liquid media are developed and used. They include 
spectroscopic ellipsometry combined with light-scattering measurement, Auger spectroscopy, 
interferometry, thin-film interference, and Doppler velocimetry. 

(5) Photochemistry of Materials in the Stratosphere H.S. Johnston 
($238 K) ' 

This project is interested equally in fundamental physical-chemical studies of small 
molecules and in obtaining useful atmospheric data. Laboratory studies are carried out to 
obtain optical cross sections, quantum yields, infrared line shapes and absolute intensities, 
pressure-broadening coefficients, information about microscopic states, and macroscopic rate 
coefficients for molecules and reactions currently important toward interpreting atmospheric 
observations. The experimental methods include visible and ultraviolet laser flash photolysis, 
laser resonance absorption, resonance fluorescence, and infrared diode lasers. Theoretical 
methods include some molecular quantum mechanics and some numerical atmospheric model
ing. This research has applications to problems of atmospheric ozone, and recently it has 
become apparent that this field of research is applicable to the role of gases other than carbon 
dioxide on the "greenhouse effect." 

(6) Selective Photochemistry 
($149 K) 

C.B. Moore 

The fundamental goals of this program are to understand the photophysics of selective 
excitation of molecules, the dynamics of energy transfer and specificity loss, and the chemical 
reactions of specifically excited states. For low levels of vibrational excitation in small 
molecules, chemical reaction rate constants are defined for each quantum state. For larger, 
more highly excited molecules, energy is usually transferred among vibrational modes more 
rapidly than chemical reactions occur. The nature of the energy states of molecules as a func
tion of excitation energy and of molecular size and structure determines the intramolecular flow 
of energy. The possibilities for limitations upon selectivity in photochemical processes are 
determined by the time evolution of the combination of spectroscopic states excited by the pho
tons. 

A complete understanding of unimolecular dynamics is sought by both the examination of 
spectra and the measurement of reaction rates. The rates and mechanisms of free-radical reac
tions are often best studied by flash-kinetic spectroscopy using lasers for thermal heating, pho
tolyzing, and spectroscopic probing. A fundamental understanding of these reactions is sought 
to serve as a basis for modeling combustion processes. Radical-radical collisions can lead to 
complex formation. Consequently, reactions and energy transfers between radicals can be 
understood in terms of unimolecular reactions. 
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(7) Actinide Chemistry 
($1280 K) 

86 

N.M. Edelstein 

The purpose of this project is to study actinide materials in order to provide the basic 
knowledge necessary for their safe and economic utilization in present and future technology. 
The program includes the preparation of new gaseous, liquid, and solid phases and studies of 
their physical and chemical properties. Techniques for characterization include x-ray diffrac
tion, optical and vibrational spectroscopy, magnetic resonance, and magnetic susceptibility. 
Equilibrium and kinetic data for complex formation are measured. From these complementary 
studies, new insights into the structural and chemical principles of actinide compounds are 
obtained with which to design new synthetic schemes to produce new materials. 

A major aspect of the program is the design and synthesis of sequestering agents for 
actinide ions. These compounds are intended for use in the treatment of actinide poisoning 
and for possible application in the treatment of spent reactor fuels. Preparative, structural, and 
physical studies of new. types of organoactinide, related organolanthanide, and new actinide 
inorganic complexes are continuing. Studies on optical spectra of free ions and actinide ions in 
crystals are being pursued in order to understand their electronic structure. Applications of new 
spectroscopic techniques for characterization of actinide species in solution are being under
taken. 

(8) Solubilities and Speciation 
of Radionuclides in Brines 
($439 K) 

N.M. Edelstein 

This is a program to identify and obtain appropriate thermodynamic testing data on the 
solubilities of compounds and on the solution complexes of important waste radionuclides that 
are likely to form in the salt repository. Information on the chemical behavior of the waste 
radionuclides is important for site selection and characterization, and is necessary for demon
strating that the expected performance of the repository site will be in compliance with techni
cal criteria stated in 10 CFR 60. Basic thermodynamic test data will be obtained on the nature 
and solubilities of specific compounds in brines, and on the formation constant of specific solu
tion complexes for the waste radionuclides which are pertinent to salt repositories. Such infor
mation is needed for the thermodynamic data base to be used in predictive geochemical models 
and for the interpretation of site-specific me~surements. 

(9) In Situ Investigations of Gas-Solid Reactions 
by Electron Microscopy 
($65 K) 

J.W. Evans 

This work is concerned with the microstructural changes resulting from gas-solid reac
tions. Of particular interest are the nucleation and growth of the solid products from the parent 
phase. The experimental tools used in this investigation are the environmental cells that are 
placed in the two high-voltage transmission electron microscopes at LBL. This cell enables a 
solid io be contacted with a gas· at elevated temperatures without adversely affecting the 
vacuum in the microscope column. The evolution of the microstructure as the reaction 
proceeds can then. be observed at high magnification. Conventional transmission electron 
microscopy of cross-sectioned reacted samples is used to better describe the phases occurring at 
the reaction front. Secondary-ion mass spectroscopy (SIMS) is used to obtain in-depth compo
sition profiles of the relevant elements in the solid product and reactant.· 

Recent work includes an investigation of the thermal oxidation of gallium arsenide by dry 
oxygen in the temperature range of 300oC to 600oC. Poor kinetics hinder practical use of the 
amorphous oxide layer produced at lower temperatures. An evolution of the morphology of the 
Qa20 3 product at temperatures above 400oC was observed before the equilibrium ,8-Ga20 3 was 
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obtained. The fate of arsenic was also studied, and SIMS results showed that it builds up at the 
oxide-GaAs interface. Work continues on the oxidation of other compound semiconductor 
materials. A few preliminary results on the thermal oxidation of InP indicated a transition of 
the product from amorphous to polycrystalline In

2
0

3 
at about 450oC. 

(10) High-Temperature Reactions 
($272 K) 

A.W. Searcy 

The central purposes of this program are to develop improved thermodynamic and kinetic 
models of important processes in materials science and to subject the models to critical experi
mental tests. A theoretical breakthrough has been the reconciliation of the kinetics to the ther
modynamics of equilibria among edge, surface, and bulk molecules in crystalline particles. The 
new understanding of the thermodynamics of equilibrium that was thus obtained has been 
applied to derive the conditions for particle-vapor equilibrium and the driving forces for sinter
ing of anisotropic particles and for exaggerated grain growth. The expressions for sintering and 
grain growth are consistent with experimental observations that had not been explained by clas
sical surface thermodynamic theory. A new theory for sintering in temperature gradients has 
been obtained as a consequence of extending the new thermodynamic approach to nonisother
mal systems. Complementary experimental studies of sintering, adsorption, and surface diffu
sion are being conducted. Transmission electron microscopy (TEM) is being used to study 
sintering and the reaction of BaC0

3 
with Ti0

2
. Tests of the predicted influence of temperature 

gradients on sintering are being evaluated in collaboration with Daria Beruto of the University 
of Genoa. 

(11) High-Temperature Thermodynamics 
($131 K) 

L. Brewer 

High-temperature chemistry is characterized by the occurrence of unusual species and 
phases that are often unstable at conventional temperatures. Because of the difficulty of carry
ing out measurements under high-temperature conditions, it is important to design experiments 
to yield information that can be used with predictive models. In this manner, one can often 
calculate chemical behavior under conditions where measurements have not been made or 
would not be practical. Since 1943, the research of this program has led to development of suc
cessful models of predictive capability for the behavior of gases at high temperatures, of refrac
tory containment materials, and of many metallic systems. For many alloys, the understanding 
of the interactions is adequate to provide quantitative predictive models. As an example, in 
1980, a tabulation of the thermodynamic properties and phase diagrams of one hundred binary 
systems of molybdenum was published. The main thrust of the present research is aimed at 
providing quantitative predictive models for the strongly interacting alloys exhibiting general
ized Lewis acid-base behavior. A variety of experimental methods is being used to characterize 
the thermodynamics of these systems. 

(12) Photon-Assisted Surface Reactions, 
Materials, and Mechanisms 
($199 K) 

G.A. Somorjai 

This project explores photocatalyzed chemical reactions that take place at the solid-liquid 
interface. These reactions include the photodissociation of water (H20) to produce hydrogen 
and oxygen and the photon-assisted reactions of carbon dioxide (C02) and water to produce 
simple hydrocarbons (photosynthesis). The purpose of these studies is to explore the mechan
ism of photon-assisted surface reactions and then to establish the optimum conditions (of sur
face structure, composition, temperature, and reactant mixture) to maximize the rate of produc
tion of the desired chemicals (hydrogen and/or hydrocarbons). The materials that are being 
used include silicates and oxides of iron, tungsten, and molybdenum. 
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(13) Physical Chemistry with Emphasis on Thermodynamic Properties 
($126 K) 

K.S. Pitzer 

The purpose of this program is the discovery and development of methods of calculation 
of thermodynamic and related properties of important chemical systems by use of quantum and 
statistical mechanics together with experimental measurements for key systems. Primary 
current emphasis is on novel ionic systems. Systems consisting of fused salts mixed in any pro
portion with water are being studied experimentally and with semiempirical theory. 

Recent theoretical advances include treatments of the dielectric constant of H20, the ther
modynamics of ionic solutions in H20 above its critical temperature, and the critical properties 
of pure ionic fluids such as NaCI. Earlier advances yielded improved equations for electrolyte 
solutions that are now being applied to a wide variety of systems of industrial or geological 
interest, including geothermal brines. Current efforts also include relativistic quantum mechan
ical methods for the calculation of energies, bond distances, and other properties of the ground 
and excited states of molecules containing very heavy atoms where the conventional nonrela
tivistic methods are inadequate. Such results are important in evaluation of possible laser sys
tems and for models of catalytic entities, including heavy atoms such as platinum. 

(14) Molecular Interactions 
($274 K) 

W.A. Lester, Jr. 

This research program is directed at extending fundamental knowledge of atoms and 
molecules including their electronic structure, mutual interaction, collision dynamics, and 
interaction with radiation. The approach combines the use of ab initio methods
multiconfiguration Hartree-Fock (MCHF), configuration interaction (CI), and the recently 
developed quantum Monte Carlo (QMC)-to describe electronic structure, intermolecular 
interactions, and other properties, with various methods for characterizing inelastic and reactive 
collision processes, and photodissociation dynamics. Current efforts are focused on 

(1) The development of efficient methods for generating optimum importance functions 
in QMC, 

(2) The introduction and application of effective-con~-type methods in QMC, and 

(3) An adiabatic treatment of single-photon indirect polyatomic photodissociation with 
emphasis on product rovibrational photofragment distributions. 

(15) Theory of Atomic and Molecular Collision Processes 
($137K) 

W.H. Miller 

This research is primarily involved with the development of theoretical methods and 
models for describing atomic and molecular collision processes. Specific topics of interest 
include the theory of inelastic and reactive scattering, collision processes involving electroni
cally excited atoms or molecules, collisional ionization phenomena, statistical theories of chem
ical reactions, scattering of atoms and molecules from surfaces, and the interactions of molecu
lar systems with high-power laser radiation. 

Much of this research is involved with the development and application of a general sem
iclassical mechanics that allow one to combine classical mechanics and quantum mechanics in 
a correct and useful manner. This has been extremely successful in providing an understanding 
of the various quantum effects that are seen in molecular phenomena, and it also often pro
vides simpler computational methods for carrying out quantitative calculations. Certain 
research topics are more amenable to a completely quantum mechanical approach, and these 
sorts of theoretical techniques are also used. 
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The ability to understand-and thus to model and to predict-chemical kinetics 
phenomena in the gas phase has widespread practical importance in a number of different 
areas. Among these are atmospheric chemistry and physics, interactions of molecules with 
strong laser fields, and energy transfer and chemical reactions in flames and combustion. 

(16) Crossed Molecular Beams 
($661 K) 

Y.T. Lee 

The major thrusts of this research project are to elucidate detailed dynamics of simple ele
mentary reactions that are theoretically important and to use the molecular-beams method to 
unravel the mechanisms of complex chemical reactions or photochemical processes that play an 
important role in many macroscopic processes. Molecular beams of reactants are used to study 
individual encounters between molecules or to monitor photodissociation events in a collision
free environment. Most of the information is derived from measurement of the product frag
ment energy and angular distributions using a unique molecular-beam apparatus designed for 
these purposes. 

Recent activities are centered on the direct probing of transition states through the experi
mental observation of quantum mechanical resonance phenomena; the mechanisms of elemen
tary chemical reactions involving oxygen atoms with unsaturated hydrocarbons; the dynamics 
of chemical reactions of electrochemically excited atoms; the primary photochemical processes 
of polyatomic molecules; the intramolecular energy transfer of chemically activated and locally 
excited molecules; the energetics of free radicals that are important to combustion processes; 
the infrared-absorption spectra of ionic clusters of hydrogen; and bond-selective photodissocia
tions through electron excitation. 

(17) High-Energy Atomic Physics 
($165 K) 

H. Gould 

The goal of this program is to test quantum electrodynamiCs (QED) in very high atomic
number (Z) ions and to understand atomic collisions of relativistic very high-Z ions. These are 
new areas of research that involve physics that is not accessible at lower energies or with 
lower-Z ions. This research is conducted at the Lawrence Berkeley Laboratory's Bevalac, the 
world's only relativistic heavy-ion accelerator. Recent results include the first measurement of 
the Lamb shift in a very high-Z atom (uranium, Z = 92). This is the most sensitive test ever 
achieved of quantum electrodynamics in a strong (static) Coulomb field. 

Present activities include measurements nf multiple-ionizatinn of relativistic uranium. 
These measurements test for the first time the independent electron approximation in a region 
where multiple-ionization cross sections can be unambiguously calculated. These and earlier 
measurements in this program have led to an understanding of relativistic heavy-ion-atom col
lisions. In most cases, this understanding is now more complete than for nonrelativistic colli
sions. In future experiments we will channel relativistic uranium ions in silicon to make the 
first measurement of an electron-impact ionization cross section for a highly ionized heavy ion. 
A precision (0.1%) measurement ofthe Lamb shift in uranium will also be attempted. 

(18) Atomic Physics 
($188 K) 

M. Prior 

This program utilizes the intense multiply charged ion beams available from the LBL 
ECR (Electron Cyclotron Resonance) ion source for studies of atomiC structure, collision 
dynamics, and radiative processes. Emphasis is placed on topics that have relevance to applied 
areas such as CTR plasma diagnostics and advanced laser concepts and/or that strongly chal
lenge the current state of atomic theory, and require the unique capabilities of the ECR source. 
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Presently, efforts are under way that will yield metastable energy-level structure of highly 
charged ions, will reveal transient molecular structure via x-ray emission during ion-atom colli
sions, and will determine cross sections for excitation of multiply charged ion states by electron 
impact. The latter two studies are collaborative efforts with groups from other laboratories. 

(19) Formation of Oxyacids of Sulfur From S02 
($46 K) 

R.E. Connick 

The research is aimed at understanding the fundamental chemistry of sulfur species 
formed from sulfur dioxide in aqueous solution and the chemical reactions of these species. 
The chemistry of these systems is of particular importance in the problems associated with 
atmospheric pollution by sulfur dioxide and the resulting formation of acid rain. Recent 
research has focused on the kinetics of the exchange of oxygen atoms between bisulfite ions and 
water, using the nuclear magnetic resonance of oxygen-17 for following the reaction. The 
present results indicate a rate law consistent with exchange through formation of sulfur dioxide. 
The most intriguing finding is that there are two separate bisulfite species present, presumably 
the two isomers, which differ in the attachment of the proton to the oxygen or the sulfur. The 
latter species is about one sixth as abundant as the former and does not exchange oxygens with 
water at a significant rate. 

A secondary and not closely related goal is to determine the factors controlling the rate of 
substitution reactions in the first coordination sphere of metal ions. Computer modeling of 
such systems is under way, and some results for a two-dimensional model have been published. 
The work will be extended to three dimensions using a more sophisticated model for water. 

(20) Solid-State and Surface Reactions 
($308 K) 

G.A. Somorjai 

This research program is centered on studies of catalyzed surface reactions and investiga
tions of the atomic structure of solid surfaces and adsorbed monolayers. The kinetics and 
mechanisms of catalytic surface reactions are studied using well-characterized crystal surfaces at 
low and high pressures by using a combination of surface science techniques. The materials 
that are mainly used in our studies are platinum, rhodium, iron and its compounds, rhenium, 
molybdenum, alkali metals, and bimetallic alloys. The adsorbates and reactants are mostly 
hydrocarbons, oxygen, hydrogen, and water. 

Part of the investigation is directed toward the atomic-scale understanding of the structure 
and catalytic behavior of metal surfaces. The other part of our studies is aimed at developing 
new catalysts that substitute for precious metals and exhibit high rates and selectivity. 

(21) Raman Studies of Surface Processes 
($290 K) 

G.M. Rosenblatt 

This project is designed to obtain Raman frequency shifts and intensities from submono
layer adsorbates, either physically or chemically adsorbed, on well-defined metal single-crystal 
surfaces under ultrahigh-vacuum (UHV) conditions. For physically adsorbed molecular 
species, vibrational and, for the first time, rotational frequency shifts will be measured without 
resonant or surface enhancement. The project's long-range goals are 

(1) To gain new information about how molecules rotate, vibrate, move, and react on 
well-defined surfaces, and 

(2) To use the fundamental understanding gained under UHV conditions to extend the 
technique to a range of chemically important pressures, temperatures, and interfaces. 
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In addition, research on gas-phase Raman spectroscopy of the isotopes of molecular 
hydrogen, begun at Los Alamos National Laboratory, is being completed at LBL. 

(22) Catalytic Hydrogenation of Carbon Monoxide 
($51 K) 
($207 K) 

G.A. Somorjai 
A. T. Bell 

The purpose of this program is to develop an understanding of the fundamental processes 
involved in catalytic conversion of carbon monoxide and hydrogen to gaseous and liquid fuels. 
Attention is focused on defining the factors that limit catalyst activity, selectivity, and resis
tance to poisoning and the relationship between catalyst composition/structure and perfor
mance. 

To meet these objectives, a variety of surface diagnostic techniques (LEED, AES, XPS, 
EELS, IRS, TPD) are used to characterize supported and unsupported catalysts before, during, 
and after reaction. The information thus obtained is combined with detailed studies of reaction 
kinetics to elucidate reaction mechanisms and the influence of modifications in catalyst compo
sition and/or structure on the elementary reactions involved in carbon-monoxide hydrogena
tion. 

(23) Synthesis of Novel Solids 
($44 K) 

A.M. Stacy 

The goal of this research is to synthesize advanced materials with novel properties. Initial 
work is focused on transition-metal and rare-earth sulfides and phosphides. These materials 
have a variety of interesting properties and have uses as batteries, fuel cells, superconductors, 
optical detectors; and catalysts and in solar-energy conversion. Synthetic procedures involving 
reactions both at ambient conditions in solution and at elevated temperatures in fluxes are 
being investigated. Such synthetic studies will lead to numerous new classes of materials with 
novel optical, magnetic, electronic, and surface properties. 

(24) Synthetic and Physical Chemistry 
($62 K) 

W.L. Jolly 

The main objective of this project is to determine the nature of the chemical bonding in 
significant inorganic and organometallic compounds. The experimental tool is gas-phase x-ray 
photoelectron spectroscopy, which provides atomic core-electron binding energies. The binding 
energies give information about the distribution of valence electron density and the nature of 
the chemical bonding in the molecules. By measuring the core-binding energies of appropriate 
transition metal compounds, it is possible to study the interaction of metal d-electrons with 
various ligands such as organic groups, carbonyl groups, and nitrosyl groups. One can identify 
and distinguish various modes of ligand-metal bonding that have analogs in the molecules 
chemisorbed on metal surfaces and in the intermediates of catalyzed organic reactions. Of par
ticular interest are studies of metal cluster complexes, in which the ligand-metal interactions are 
very similar to those on metal surfaces. 

(25) Transition-Metal Catalyzed Conversion of CO, NO, H
2

, 

and Organic Molecules to Fuels and Petrochemicals 
($172 K) 

R.G. Bergman 

The central objective of this program is the discovery of new chemical reactions between 
organic compounds and transition metals and the understanding of how these reactions work. 
Particular attention is given to transformations that involve the most fundamental bonding 
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changes (e.g., formation and cleavage of bonds between carbon, hydrogen, nitrogen, and oxy
gen) that occur in important large-scale transformations of organic compounds, such as those 
employed in industrial catalysis and stoichiometric organic synthesis. 

A recent discovery on this project was that certain hydridoiridium and -rhodium com
plexes undergo oxidative addition into the carbon-hydrogen bonds of completely saturated 
hydrocarbons (alkanes). This is the first example of this long-sought alkane C-H activation 
reaction, and research during the past year has been directed at understanding its scope and 
selectivity. The chemistry of the first rhenium-based alkane activation system was fully 
explored, and the first dinuclear reversible C-H oxidative addition/reductive elimination system 
was developed. In related investigations, nuclear magnetic resonance (NMR) studies of 
iridium-based systems led to the first direct observation of resolved coupling between the pro
ton eH) and lithium CLi) nuclei, and theoretical studies carried out in collaboration with 
Hoffman's group at Cornell University provided insight into the mechanism of alkene C-H 
activation reactions. 

(26) Structure and Properties of Transformation Interfaces 
($176 K) 

R. Gronsky 

The modern science of materials devotes increasing attention to the role of solid-state 
interfaces; they completely dominate the behavior of electronic devices, and they strongly influ
ence the behavi& of ceramic and metallic alloys alike. This program seeks a fundamental 
understanding of the role of interfaces in materials by applications of high-resolution electron 
microscopy to determine their local structure and composition, by theoretical modeling to 
relate these parameters to their actual atomic structure and composition, and by correlations 
with their properties, including conductivity, diffusivity, ductility, mobility, and reactivity. 

(27) Structure and Electrical Properties of Composite Materials 
($75 K) 

R.H. Bragg 

The pUrpose of this work is to understand how the properties of hard carbons and soft 
carbons are related to their structure. The latter undergo a structural transformation, i.e., gra
phitize, and become physically soft when heated above about 2000oC in inert atmosphere; 
whereas the former do not, even when heated above )OOOoC. Soft carbons are fairly well under
stood, but basic knowledge concerning hard carbons is scant. 

In this project, glassy carbon (GC) has been studied as a model hard carbon because it is a 
chemically pure (i.e., elemental carbon), monolithic solid. The structural differences between 
the two classes have been found to be analagous _to those between thermosetting resins (hard) 
and thermoplastic resins (soft). Whereas soft carbons become semimetallic electrical conduc
tors, hard carbons resemble amorphous semiconductors, and at low temperatures display one
dimensional conduction. ihe major unknown in carbon science now is the specific atomic 
mechanism(s) associated with the structural changes during graphitization. This work has led 
to the hypothesis that it is the decomposition of a graphite intercalation compound, and experi
ments to test this hypothesis, via direct synthesis, and related studies of the carbon-hydrogen 
system are being performed. 

(28) Excitation in Solids 
($156 K) 

C.D. Jeffries 

The central objectives of this program are experimental studies of the onset of instabilities 
and pseudorandom behavior in solids, together with a detailed analysis and interpretation 
within the recently developed renormalization group theory of chaotic dynamics. This theory 
displays universality and predicts that similar and recognizable modes of behavior will be 
observed in a very broad class of nonlinear phenomena, e.g., turbulence in fluids; plasma 
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instabilities; erratic behavior in nonlinear mechanical, electrical, and chemical systems; and 
various instabilities in semiconducting, magnetic, ferroelectric, and piezoelectric materials. The 
turbulence in solids usually has nonlinear microscopic origins; the chaotic dynamics can be 
viewed as a consequence of strongly driven elementary excited states. 

To facilitate direct comparison between observed behavior and theoretical models, specific 
experimental methods have been developed: bifurcation diagrams, phase space portraits, Poin
care sections, return maps, power spectral analysis, real-time and transient analysis, and proba
bility density distributions. This program has concentrated to date on spin waves in ferrites 
and on semiconductors. A detailed and systematic study of the chaotic dynamics of driven p-n 
junctions in Si and Ge has revealed many universal patterns: periodic doubling bifurcations, 
onset of chaos, periodic windows, and intermittency. Spin-wave instabilities in ferrite spheres 
display period doubling, chaos, and intermittency and can be understood by a two-dimensional 
quadratic map. Electron-hole plasma density waves in crystals of Ge exhibit a period-doubling 
route to chaos, periodic windows, and quasiperiodicity. These results have a bearing on devices 
of high technological interest and on a very general class of nonlinear problems of practical 
importance. 

(29) Quantum Theory of Materials 
($236 K) 

Theoretical Studies of the Electronic Properties of Solid Surfaces L.M. Falicov 

The purpose of this research is to further basic understanding of the physical properties of 
materials and materials systems such as surfaces and interfaces. The emphasis is on carrying 
out quantum-mechanical calculations on realistic systems so that a microscopic understanding 
may be obtained from first principles. Studies include bulk materials,. surfaces and chem
isorbed systems, interfaces, defects in solids, and clusters. Comparisons with experiment show 
that the calculations are accurate and of predictive power. Bulk materials research is focused 
on electronic, magnetic, structural, and vibrational properties; crystal-structure determination; 
solid-solid phase transformations at high pressure; and defect properties. Surface and interface 
research is focused on atomic, electronic, and magnetic structures. 

Theoretical Solid-State Physics M.L. Cohen 

The purpose of this research is to provide a microscopic theory of solids capable of 
explaining and predicting the physical properties of real materials. During the past few years a 
successful theory has been developed here. The theory is based on a quantum mechanical 
pseudopotential-local density-total energy approach, and the inputs are essentially only the 
atomic number and atomic mass of the constituent atoms making up a solid. Applications of 
the method have been made to surfaces, interfaces, optical properties, superconductivity, elec
tronic structure, vibrational properties, static structural properties, high-pressure solid-phase 
transitions, transport, photoemission, chemisorption, and properties of molecules. Direct colla
borations with experimental projects have been frequent, and the predictive power of the 

· theoretical approach has been tested successfully. 

Surface, Chemisorption, and Theory of Solids S.G. Louie 

The purpose of this work is to further basic understanding of the electronic and structural 
properties of materials and materials systems such as surfaces and interfaces. Quantum
mechanical calculations are carried out on realistic systems so that a microscopic understanding 
of material properties may be obtained from first principles. The research effort encompasses 
the study of bulk materials, surfaces and chemisorption systems and defects, and the formula
tion and development of new theoretical techniques for calculating ground-state and excited
state properties. Current projects include work on surface atomic and electronic structures, 
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structural and vibrational properties .of solids, phonon-phonon inte-ractions, and solid-solid 
phase transformations. 

(30) Low-Temperature Properties of Materials 
($150 K) 

N.E. Phillips 

The major objective of this program is to obtain information that contributes to an under
standing of the behavior of materials by the measurement of low-temperature properties of 
condensed-matter systems, particularly specific heats. There are numerous special cases in 
which specific heat data provide either a test of theoretical models or values of important 
parameters that could not otherwise be obtained. Much of the work is in the region below I K, 
where the temperature scale is not well defined and temperature-measuring techniques are not 
well established. Because accurate temperature determinations are important in obtaining use
ful heat capacity data, research is also conducted on methods of temperature measurement. An 
accurate temperature scale has been developed to 5 mK. 

Recent specific-heat measurements include measurements on 3He in th'e Fermi-liquid 
region that have established the correct values of parameters that are important to an under
standing of the superfluid states; measurements on potassium, rubidium, and cesium to 0.06 K 
to test theoretical predictions of charge-density-wave effects; measurements on CuMn in high
magnetic fields that have mapped out the theoretically predicted phase boundary of the spin
glass phase; and measurements on a number of heavy-fermion compounds, including UPt3 and 
UBe

13
-two of the three heavy-fermion superconductors-and CeCu

6
, (CeGd)Al

3
, CeRu2Si2, 

and (U 
1 
Th)Be

13
. Future objectives include an extension of the 3He measurements to the super

fluid phases, studies on spin glasses, high-Tc superconductors, and specific-heat measurements 
at pressures to 20 kbar and on magnetic fields to 9 T on other heavy-fermion compounds. 

(31) Energy Transfer and Structural Studies of 
Molecules on Surfaces 
($118 K) 

C.B. Harris 

The goal of this research is to study the mechanisms that are responsible for the transfer 
of energy from the excited states of molecules to metal surfaces and to develop new laser tech
niques for probing molecule-surface interactions. The research program is both theoretical and 
experimental in character, and it includes nonlinear optical and picosecond laser techniques in 
addition to a variety of standard surface-science tools for characterizing molecule-surface 
interactions. The results of this program have a direct bearing on high-speed technological dev
ices and materials, and on problems of general interest such as surface-enhanced photochemis
try, the dynamics of surface photoemission, and the optical properties of thin films. 

(32) Photoelectron Spectroscopy 
($441 K) 

D.A. Shirley 

This program addresses both experimental and theoretical aspects of electron spectroscopy 
for the investigation of electronic structure of matter in the gaseous and condensed phases. 
Research is conducted using both laboratory sources at LBL and synchrotron radiation in the 
5-5000 eV energy range available at the Stanford Synchrotron Radiation Laboratory, where 
there is participation in developing the spectroscopy of this newly accessible range of the elec
tromagnetic spectrum. 

Time-of-flight measurements with synchrotron radiation are used to measure angular dis
tributions of photoelectrons and resonant photoemission phenomena in the gas phase. 
Ultrahigh-resolution photoelectron spectroscopy based on molecular beams is yielding new -
information about small molecules and about the transition from single metal atoms to 
behavior characteristic of a three-dimensional solid. Employing angle-resolved variable-energy 
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photoemission and electron-energy-loss spectroscopy, this program examines the electronic 
structure of solids. The program also studies the geometric and electronic structure of surface
adsorbate systems using photoelectron diffraction, angle-resolved photoemission extended fine 
structure (ARPEFS), and surface extended x-ray absorption fine structure (SEXAFS). 

(33) Potential Energy Surfaces for Chemical Reactions 
($195 K) 

H.F. Schaefer, III 

This research program has two goals, related yet distinct. The first goal is the develop
ment of new theoretical and/or computational methods for the description of "what electrons 
are doing in molecules," to use the words of Robert S. Mulliken. Specifically, the single out
standing problem in the field is the correlation problem, that of formulating models for going 
beyond the single-particle or Hartree-Fock approximation. The second goal of our research is 
to apply these theoretical methods to significant problems of broad chemical interest. 

I 
Currently, two areas are of special interest: (1) model theoretical studies of chemisorption, 

metal clusters, and organometallic species, and (2) potential energy surfaces that govern gas
phase chemical reactions. Research in the former area is ultimately aimed at a truly molecular 
understanding of catalysis, a subject pertinent to future energy requirements but sometimes 
approached by trial-and-error methods. In the latter area our research sometimes tends toward 
molecules potentially important in interstellar space, atmospheric chemistry, and the develop
ment of high-power laser systems. It is to be emphasized that in recent years theoretical chem
istry has become a significant source not only of broad generalities but also of specific predic
tions concerning molecular systems that may be very important but inaccessible to experiment. 

(34) High-Energy Oxidizers and Delocalized-Electron Solids 
($222 K) 

N. Bartlett 

The main aim of this program is the synthesis and characterization of new materials that 
may have value in electrochemical applications or in the efficient conversion of light to electri
cal energy. The synthetic. work tests models and theories that correlate physical properties 
(such as electrical conductivity) with chemical composition and structure. Major aims in the 
synthetic strategies are (1) to tailor-make the band gap in semiconductor materials, and (2) to 
achieve high carrier concentration and mobility in the conductive materials. 

The present emphasis is on two-dimensional networks, such as those related to graphite. 
Electron oxidation of such materials (with accompanying intercalation to form salts) generates 
durable and conductive materials (some conducting better than aluminum). The layered 
materials can often be oxidized (and intercalated) electrochemically in reversible processes, and 
some (e.g., CxFH·oHF) may find use in high-energy electrodes. Physical and chemical studies 
are being applied to such materials to determine the structure and bonding changes that accom
pany oxidation and reduction. Salts that are either proton conductors or fluoride-ion conduc
tors, and that are resistant to oxidation but are not metallic, are being sought as solid electro
lytes for use with the metallic layer-material salts. 

(35) Quantum Monte Carlo for Molecular Studies 
($106 K) 

W.A. Lester, Jr. 
P.J. Reynolds 

We are pursuing the use of the quantum Monte Carlo (QMC) method for the computation 
of molecular properties. This approach, borrowed from statistical mechanics, allows one to cal
culate essentially exact quantum-mechanical expectation values. Thus, it provides an alterna
tive to traditional ab initio quantum chemical approaches. The method takes advantage of the 
formal similarity of the Schrodinger equation in imaginary time to a diffusion equation. 
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(36) Quantum Monte Carlo Study of Tetrahydrogen 
($13 K estimate) 

W.A. Lester 

The purpose of this project is to investigate properties of tetrahydrogen (H4) using the 
fixed-node quantum Monte Carlo (FNQMC) method. Properties of interest include formation 
mechanisms, potential-energy surfaces (pes's), lifetimes, and decay channels~ At long range, the 
H 4 species of interest correlates with H2e~g+) + H2(B 1 ~u+) at one asymptote and H + H3 at 
the other asymptote. Efforts are directed at confirming the existence and stability of the 
maximum-ionicity excited state (MIES) predicted by Nicolaides et al. using multireference 
configuration-interaction wave functions. The FNQMC approach will be used to determine 
decomposition pathways and, in particular, classical barriers to formation of the MIES and 
other excited forms. Hartree-Fock, multiconfiguration Hartree-Fock, and configuration
interaction wave functions will be used, where appropriate, as importance functions in the 
FNQMC study. 

(37) Chemical Properties and Processing of Refractory Ceramics 
($462 K) 

L.C. De Jonghe 

Fabrication of reliable ceramics, either for structural, electronic, or other applications, 
requires complete control of the powder structure, the powder compaction, and the densifica
tion process. Control of these parameters is aimed at improving the microstructural and micro
chemical uniformity of the ceramics at a finer and finer scale. Achieving uniformity is even 
more critical in the fabrication of multi phase ceramics, such as particulate composites. 

This work examines and broadens the fundamental understanding of the processes 
involved in particle consolidation and subsequent densification. Applications of the perspec
tives that are developed focus on structural ceramics and on some electronic ceramics. The 
ceramics studied in this program include silicon carbide, silicon nitride, magnesium oxide, zinc 
oxide, and barium titanate. Advanced characterization tools, including x-ray photoelectron 
spectroscopy (XPS), angle-resolved photoelectron spectroscopy, Auger analysis, and high
resolution and microanalytical transmission electron microscopy, are used in the analysis of 
surface chemistry of as-fabricated and of chemically treated powders and their sintered com
pacts. The key technique in the analysis of the relationship between the structure of the com
pacted powder and its evolution during densification is loading dilatometry. This technique 
was first developed in this laboratory and combines the simultaneous measurement of creep 
and densification of powder compacts. It allows the definition of fundamental parameters 
describing quantitatively the densification of single-phase and multi-phase ceramics. 

(38) Ceramic Interfaces 
($140 K) 

A.M. Glaeser 

Numerous properties of ceramics depend strongly on microstructure, necessitating control 
of microstructural characteristics developed during processing. This research program focuses 
on improving our understanding of several processes that dictate the microstructural changes 
occurring during both materials fabrication and utilization. 

Current efforts are directed at 

1. Examination of the effects of crystallization, polymorphic phase transformations, and 
particle substructure on microstructure evolution in model powder compacts of chem
ically synthesized, amorphous, "monodispersed" Ti0

2
; 

2. The development of techniques for generating controlled pore structures at bicrystal 
and single-crystal-polycrystal interfaces; 
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3. Development of thermodynamic and kinetic descriptions of the stability of continuous 
intergranular phases (e.g., fibers in polycrystalline matrix composites); 

4. Theoretical assessment of the effects of anisotropic surface and grain boundary ener
gies on microstructural evolution during sintering and grain growth; and 

5. Modeling the effects of concurrent grain-boundary migration and grain boundary 
tracer self-diffusion on calculated apparent grain-boundary diffusivities. 

(39) Structure-Property Relationships in Semiconductor Materials 
($272 K) 

J. Washburn 

The purpose of this program is to advance the understanding of the effects of struc
tural defects, including the structure of interfaces, on the electrical or optical properties of 
semiconductor materials. Systems chosen for study are those that have interfaces and 
defects that are formed during the processing steps used for state-of-the-art solid-state dev
ice manufacture, such as ion implantation, oxidation, and contact formation. 

The approach leads naturally to areas of basic research interest: for example, an 
improved understanding of (1) orientation relationships and mechanisms of accommoda
tion of misfit at epitaxial interfaces, (2) the factors that determine electrical behavior of 
contacts between different classes of metals and 3-5 semiconductors, and (3) the origin of 
defects and amorphous zones caused by electron and ion damage in compound semicon
ductors. 

High-resolution transmission electron microscopy (TEM), particularly on cross
section samples and, when possible, with computer simulation of images, has proved to be 
a powerful tool for revealing and identifying fine-scale defects and interface structure. The 
TEM information is also frequently combined with supplementary structural observations 
on the same specimens from electron paramagnetic resonance (EPR), Rutherford back
scattering (RBS), secondary-ion mass spectroscopy (SIMS), x-ray diffraction, or 
microanalytical electron microscopy. 

(40) Experimental Solid-State Physics and Quantum Electronics 
($234-K) 

Y.R. Shen 

The main object of this program is to further basic understanding of laser interaction 
with matter. The emphasis is on the development of line.ar and nonlinear optical tech
niques for material studies and actual applications of these techniques to material studies. 
Both theoretical and experimental research on various aspects of interaction of light with 
matter are being carried out in this program. Newly developed techniques are being used 
to study problems of current interest: surface physics, phase transitions, laser chemistry, 
spectroscopy of excited species, and so on. Nonlinear optical effects in matter not yet well 
understood are also being investigated. 

Current research is largely concentrated on optical studies of surfaces and interfaces: 
(1) Nonlinear optical techniques are developed as new tools for surface studies. (2) Basic 
understanding of surface nonlinear optical properties and processes is sought. (3) The 
techniques are applied to the studies of surfaces or adsorbates at surfaces under various 
circumstances. Some effort is devoted to collaboration with Y.T. Lee's group on laser 
molecular spectroscopy in a molecular beam, and with theorists on calculations of quan
tum optics problems. 
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(41) Time-Resolved Spectroscopies in Solids P.Y. Yu 
($110K) 

The purpose of this project is to use picosecond and subpicosecond laser pulses gen
erated by mode-locked dye lasers to study ultrafast interactions between elementary excita
tions in solids. Using the short laser pulses, nonequilibrium phonons and carriers are 
excited in semiconductors, such as GaAs, and their dynamics are probed by Raman 
scattering. From analysis of the light-scattering spectra by the photo-excited electron-hole 
plasmas, the scattering time and the temperature of the plasmas are determined. The 
influence of defects and external perturbations such as hydrostatic pressure is also investi
gated. 

The effect of pressure on the electrical and optical properties of semiconductors with 
diamond and zincblende-type crystal structures is investigated. By measuring the resis
tance of samples as a function of pressure, the semiconductor-to-metal transition pressure 
can be determined. The electron-phonon interaction in the metallic phase is studied by 
measuring the temperature dependence of the resistance. Many of the metallic high
pressure phases of semiconductors are found to be superconducting. Whenever the high
pressure phase is superconducting, the pressure dependence on the transition temperature 
is measured. The possible relationship between the transition temperature and soft pho
non modes associated with structural phase transitions is also under investigation. 

(42) Electron-Phonon Coupling and the Properties of Thin Films and 
Inhomogeneous Superconductors 
($79 K) 

V.Z. Kresin 

Several interrelated problems concerned with the properties of superconductors have 
been studied. The superconducting state in semiconductors and semimetals can be 
induced by the proximity effect. As a result, one can take advantage both of the proper
ties of semiconductors (semimetals) and of superconductivity, which is promising from 
the point of view or" various applications (e.g., the field effect). 

Another problem that has been studied is· connected with the properties of supercon
ductors with strong coupling, and an analysis of phonon and nonphonon contributions . 

. (43) Microstructure, Properties, Alloy Design: Inorganic Materials 
($502 K) 

G. Thomas 

This is a multicomponent interdisciplinary program in physical metallurgy and 
ceramics involving fundamental quantitative studies of the structure-property relation
ships in technologically significant materials involved in energy and conservation. All 
tasks involve characterization of both structure and composition at the highest levels of 
spatial (transmission electron microscopy) and chemical (spectroscopy) resolutions in 
order to understand the complexities of structure-chemistry-processing-property relation
ships, without which alloy design is impossible. Specific tasks include: 

I. Dual-phase ferrite-martensite steels for rod and wire, optimization of microstruc
ture and processing, analytical studies of solute partitioning, fatigue (with Prof. 
R. Ritchie), and wear. 

2. Martensitic and bainitic steels, fundamental studies of phase transitions, relation 
to wear; surface treatments (laser technology), grain boundary precipitation and 
effect of copper. · 
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3. Magnetic materials; structure of audio recording tape, piezoelectric materials, 
rare-earth alloys. 

Overall objectives are to design new materials or to more efficiently use existing materials 
with technology transfer to industrial practice without large capital investment, and to 
realize material and energy conservation. 

( 44) Solid-State Phase-Transformation Mechanisms 
($176 K) 

K.H. Westmacott 

This research is directed toward understanding in detail the structural factors that 
govern phase changes and phase stability. From such knowledge first-principles alloy 
design for specific service applications is possible. A variety of electron-optical tech
niques, especially high-voltage electron microscopy (HVEM) and high-resolution electron 
microscopy, is used to infer the atomic rearrangements that occur when a product phase 
precipitates from the parent matrix. Since accommodation of a new phase of disparate 
size or crystal structure must involve deformation, the role of lattice defects in transfor
mations is a focus of this work. This approach has been successful in identifying the 
specific defects associated with several classes of transformations characterized by dif
ferent transformation strains. It has been possible to predict precipitate morphologies 
(growth directions, habit planes, orientation relationships, etc.) from first principles for 
several model alloy systems. 

Extension of the principles to more complex alloys will contribute both to under
standing alloy stability in severe operating conditions and to designing improved materi
als. 

( 45) Local Atomic Configurations in Solid Solutions 
($126 K) 

D.R. de Fontaine 

This investigation is concerned with ordering phenomena in alloys, more particularly 
long-period ordered superstructures in binary fcc alloys. Two systems have been selected 
for experimental study: Ag;lMg and Cu3Pd; the former exhibits sharp antiphase boundary 
structures allowing companson to be made between observed and theoretically predicted 
structures. Detailed structural observation is carried out by high-resolution transmission 
electron microscopy (TEM), and the theoretical model used is. that of the axial next
nearest-neighbor Ising (ANNNI) model. A systematic investigation of long- and short
range order in Cu-Pd is undertaken by in situ variation of temperature and electron irradi
ation dose rate in the high-voltage electron microscope at the National Center for Electron 
Microscopy at LBL. Samples of different compositions, heat treatments, and pressure his
tories are examined. Results are compare<} to predictions obtained from electronic
structure calculations. 

( 46) Alloy Theory 
($190 K) 

D.R. de Fontaine 
L.M. Falicov 

Temperature-composition phase diagrams are of great practical interest since they 
constitute "road maps," as it were, of thermodynamic systems such as binary, ternary, 
etc., alloys. Phase diagrams are generally determined experimentally, but the exciting pos
sibility now exists of deriving certain classes of diagrams virtually from first principles. 
What is needed is to combine accurate electronic band structure and statistical mechanical 
calculations. Reliable theoretical models are available, and computer codes have been 
developed. For instance, the electronic structure of disordered alloys can be calculated 
from existing coherent potential approximation (CPA) codes, and, on the statistical ther
modynamic side, the cluster variation method (CVM) recently has yielded realistic phase 
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diagrams, thermodynamic functions, long- and short-range order information, and so on. 
The purpose of this project is to combine existing electronic-band structure and total
energy computer codes with CVM codes to produce phase diagrams from a minimum of 
empirical information, to compare various approximate computational methods, and to 
compare results with available experimental data. 

(47) Environmentally Affected Crack Growth in Engineering Materials 
($255 K) 

R.O. Ritchie 

The objective of this program is to examine, from both macroscopic and microscopic 
perspectives, the mechanics and micromechanisms of the subcntical growth of cracks in 
engineering materials. Primary studies are currently devoted to ( 1) brittle fracture in low
strength steels by transgranular cleavage, where statistical models have been developed to 
predict lower shelf fracture toughness, (2) ductile fracture in low-alloy steels, where models 
for crack growth toughness have been investigated by defining the microstructural factors 
governing the behavior of stationary and growing cracks, (3) fatigue crack initiation and 
growth in duplex microstructures, where utilization of the concepts of crack tip shielding 
through crack deflection and the premature closing of cracks (crack closure) has led to the 
development of dual-phase steels with remarkable resistance to fatigue, and (4) variable
amplitude fatigue crack propagation in titanium alloys, where studies have been focused 
on defining the primary mechanisms for crack growth retardation following tensile over
loads. A recent highlight has been the adaptation of our statistical model for transgranular 
cleavage fracture to predict the role of microstructure in influencing the lower-temperature 
fracture toughness of metals containing a known distribution of particles. 

(48) Studies of Materials Erosion in Coal Conversion and Utilization Systems 
($250 K) 

A.V. Levy 

The erosion of material surfaces by small solid particles carried in gas and liquid car
riers is being investigated. The materials are tested over a range of conditions that simu
late portions of the operating environments of containment surfaces in coal gasification, 
liquefaction, and fluidized-bed combustion processes. The effects of elevated temperature 
corrosion in combination with the erosion are studied to determine the mechanisms and 
rates of the combined surface-degradation modes. The fluid mechanics of two-phase flow 
in gases and liquids that result in erosive patterns in various geometry containments such 
as curved pipes are determined. The predictive models of the flow patterns will be com
bined with an analytical model of the erosion process to result in a means for predicting 
rates· of erosion in curved pipes of the types used in process plants. The properties of 
materials that directly relate to erosion behavior and that are elements of the erosion 
model are determined and used in the model to predict erosion rates. 

(49) Inhibitive Salts for Reducing High-Temperature 
Oxidation and Spallation 
($106 K) 

N.E. Phillips 
J. Stringer 

It has been known for many years that the addition of reactive elements such as 
yttrium, cerium, lanthanum, or hafnium to heat-resistant alloys forming CrO or Al20 3 
protective oxides could have a number of beneficial effects. Most notably, the scale adhe
sion is considerably improved. However, treatments that appear to be superficial can also 
be beneficial. These include ion implantation of the reactive elements, and the use of an 
aqueous solution of a water-soluble salt of the reactive element, or of a solgel containing 
the element. From the point of view of elucidating the mechanism of the "reactive
element effect," these superficial techniques are particularly interesting, since several 
aspects of the most successful current model imply that the reactive element is present 
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within the alloy. No systematic study of these techniques has been made, however; they 
have been used only as a means of enhancing the oxidation resistance of already resistant 
materials. 

(50) Catalytic Gasification of Graphite or Carbon 
($200 K) 

H. Heinemann 

This program is designed to look at the basic chemistry of the reaction of carbona
ceous materials with water in the presence of catalysts to produce hydrocarbons and/or 
synthesis gas. Much of the work is being carried out with graphite as a carbon source to 
ensure that hydrogen or hydrogen in hydrocarbons is derived from water. Relatively low 
temperatures are being used to favor the equilibrium 2C + 2H20 - CH4 + C02, which is 
almost thermally neutral. Earlier work has shown that in the presence of KOH as 
catalyst, higher hydrocarbons up to C6 can be formed. This raises the question of whether 
hydrocarbons are a primary product and syngas a secondary one, formed by steam reform
ing. The formation of hydrocarbons is a stoichiometric reaction in which each H

6 
in 

water reacts to form a phenolate and hydrocarbon: 5C + 4KOH - 4COK + CH4. It has 
been shown by surface spectroscopy that phenolate is present, and it has been found that 

MeOx 
it can be decomposed over metal oxides to make the reaction truly catalytic: 4COK -
2K20 + 2C + 2CO; 2K20 + 2H20 - 4KOH. Further work is directed toward combining 
flow reactor studies with ultrahigh-vacuum-surface studies to follow the mechanism, to 
find the best catalysts for phenolate decomposition, to measure and improve kinetics, and 
to study the effect of added gases such as CO or COS. 

(51) Chemistry and Morphology of Coal Liquefaction 
($50 K) 

R. Fish 
H. Heinemann 

The removal of nitrogen from complex matrices such as coal liquids is an extremely 
important area of study. We recently discovered that polynuclear heteroaromatic nitrogen 
compounds can be selectively reduced only in the nitrogen-containing ring, We now wish 
to focus on the aspects of carbon-nitrogen cleavage in the saturated nitrogen heterocyclic 
ring of model coal compounds in order to better understand how nitrogen can be removed 
without additional substantial use of hydrogen gas for that reaction to occur. 

A dual approach is being followed that provides fundamental information on the 
cleavage of carbon-nitrogen bonds using metal complexes of rhenium, iridium, rhodium, 
and ruthenium .. The important coordination of metal complexes to saturated nitrogen 
compounds followed by oxidative addition to a methylene group, alpha to the nitrogen 
atom, will allow formation of metalla-azacyclopropanes. These compounds will be reacted 
with nucleophiles to hopefully afford carbon-nitrogen bond cleavage. The compounds will 
also be reacted under hydrogenation conditions to provide a similiar carbon-nitrogen 
bond cleavage reaction. The second approach carried out simultaneously will use various 
zeolite catalysts with incorporated metal ions such as rhodium and ruthenium in addition 
to hydrogen donors such as long-chain hydrocarbons for catalytic cracking. 

(52) Chemistry and Materials Problems in Energy Production Technologies 
($224 K) 

D.R. Olander 

The goal of this program is to characterize the chemical and physical behavior of 
materials in the high-temperature, radiation environment of fission and fusion reactors. 
The materials of the uranium-based fuels and the zirconium-based cladding materials of 
light-water nuclear reactors are of principal interest. The processes and properties studied 
include rapid transient vaporization of fuel materials by laser-pulsing, high-temperature 
corrosion of zirconium by steam and the release of volatile fission products from 
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irradiated U0
2

. Another aspect of the program involves molecular beam studies of the 
chemical kinetics of gas-solid reactions, including hydrogen atom reactions with silicon 
and its compounds and the etching of metals by halogens. 

(53) Spectroscopy and Structures of Reactive Intermediates 
($130 K) 

R.J. Saykally 

The primary goal of this research is to carry out detailed investigations of those reac
tion intermediates that are critical species in the combustion of important fuels. Exactly 
the same experimental and theoretical techniques employed to study reaction intermedi
ates can be applied to van der Waals molecules; hence, studies of these two crucially 
important classes of molecules will be undertaken as well, with the long-range objective of 
correlating the measured properties of these species as a means of understanding con
densed phases in more detail. 

(54) Potentially Catalytic and Conducting Polyorganometallics 
($158 K) 

K.P.C. Vollhardt 

The purpose of this program is to combine synthetic organic and organometallic 
methodology in the construction of novel organometallic materials with potential in 
catalysis and materials science. In particular, iterative approaches to the synthesis of 
organic ligands with multiple binding sites are being studied. Subsequent attachment for a 
variety of metal centers with control of their binding sequence should give rise to linear 
and angular polymetallic arrays in which the metals are held in an unnatural configura
tion. Such materials hold promise in potential applications as catalysts in a variety of 
processes of current fundamental and industrial interest, such as coal depolymerization 
and conversion to liquid fuels, small-molecule activation, new reaction chemistry, photo
catalysis and photochemical energy storage, water splitting, and others. Moreover, the 
methods to be developed are anticipated to provide access to structures containing alter
nating organic and metallic layers with potential conducting behavior. Thus, in the long 
run, successful execution of the proposed work should furnish unique catalytic and poten
tially conducting materials. 

(55) High-Pressure Phase Equilibria in Hydrocarbon-Water (Brine) Systems 
($157 K) 

J.M. Prausnitz 

Phase equilibria are required for efficient design of large-scale separation processes 
(e.g., distillation and extraction) in the chemical and related industries. In this context, 
"efficient" refers to optimum use of raw materials and to conservation of energy. Since 
the variety of technologically important fluid mixtures is extremely large, it is not possible 
to obtain all desired equilibria from experiment. Therefore, the objective of this research 
is the development of molecular thermodynamics for interpretation and correlation of 
selected phase-equilibrium data toward reliable general prediction of phase equilibria for 
engineering. The correlations are expressed through semitheoretical physico-chemical 
models in a form ,suitable for computer-aided design. In this research, particular attention 
is "given to those systems that are of primary interest in energy-related industries, espe
cially those concerned with fossil fuels and fossil-fuel-water mixtures. Development of 
molecular thermodynamics calls for a combination of theoretical, computational, and 
experimental work. Further, it demands simultaneous awareness of progress in molecular 
science and of realistic requirements for engineering design. 
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(56) Materials for Enhanced Heavy Fuel Capability of Marine Diesels 
($200 K) 

MCSD 

A.V. Levy 

The surface of all of the combustion-zone components, i.e., exhaust valves, piston 
crowns, and cylinder heads of a medium-speed marine diesel engine were coated with 
250-375 ,urn thick ceramic thermal barrier coatings and tested in an engine operating on a 
towboat on the inland water system. The coatings were applied by two suppliers; one 
applied an 8% Y20 3

-Zr02 ceramic coating over a NiCoCrAlY bond coat, and the other 
applied a 22% Mg0-Zr02 ceramic coating over a NiCrAlY bond coat. 

The engine was disassembled after 9000 hours of operation, and the coatings were 
analyzed. All of the coatings on the larger water-cooled surfaces of the piston crowns and 
cylinder heads appeared to be intact, and these parts were transferred to the other engine 
on the towboat; the parts currently have over 15,000 hours .of service. Several of the 
smaller, uncooled valves were destructively analyzed. It was determined that the coatings 
that were stabilized by magnesia had failed because the magnesia had been leached out of 
the Zr02 by the sulfur in the combustion 'gas, resulting in destabilization and spalling off 
of the coating. The valve coated with pre-alloyed yttria-stabilized zirconia performed 
satisfactorily. Thus, the durability of ceramic coatings in diesel engines has been demon
strated. 

(57) Erosion of Hard Material Coating Systems 
($8 K) 

A.V. Levy 

The use of coating systems to protect structural metal surfaces from small solid
particle erosion and erosion-corrosion at elevated temperatures can extend component life 
and permit operation in more severe environments. The room temperature and elevated 
temperature erosion behavior of several hard-material coating systems, i.e., carbides, 
borides and nitrides, was determined over a range of test conditions. Particle velocities 
from 70 to 150 m/s and test temperatures from 25oC to 540°C were used. Mechanisms of 
erosion were established and related to erosion rates in a manner that defined the require
ments of composition, morphology, and defect levels of coating systems for long-term per
formance. 

It was determined that small grain size, low porosity, and the absence of cracks were 
microstructural features that enhanced erosion resistance. Hardness levels and the compo
sition and distribution of second phase hard particles had less effect on coating perfor
mance. Angular silicon carbide particles were considerably more erosive than either 
alumina or chromitejmixed oxide round particles, and the ran kings of the coatings' perfor
mances were different for each erodent and set of test conditions. 

(58) Erosion-Corrosion of Materials in Cold-Water Slurries 
($57 K) 

A.V. Levy 

A project was carried out to determine the mechanism, rates, and comparative ero
sion behavior of several materials for service in coal-water slurry pipelines carrying coal 
into coal gasifiers in coal fired combined-cycle power plants. Several types of materials 
were selected, including ceramics, hard carbide-metal matrix composites, surface hardened 
steels, rubber, and mild steel for a baseline. It was determined that the materials could be 
divided into three classes of performance. The materials with the lowest erosion rates 
were corrosion-resistant ceramics, including alumina, silicon nitride, and fused basalt. In 
the mic;ldle performing class were the carbide composites, and in the highest erosion rate 
class of materials were the mild steel, the surface hardened steels, and the rubber. Within 
each class the erosion rates were essentially the same even though measured properties 
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such as hardness differed greatly. The mechanism of erosion is being determined for each 
material to account for the major differences in their performance. 

(59) Sliding Wear of Thermal Spray Chromia Coating 
($14 K) 

A.V. Levy 

The unlubricated sliding wear behavior of thermal sprayed chromia coatings on rriild 
steel substrates was investigated at room and elevated temperatures. The need for thermal 
barrier coatings to protect the cylinder-wall liners of ceramic coated diesel engines requires 
ceramics that have low coefficients of friction and sliding wear rates at elevated tempera
tures. Both flame and plasma-sprayed chromia from different starting powders and rod 
were tested up to 400oC. A 2.5-cm diameter hard chromium-plated washer with a 1.5-
mm-wide wear surface was worn against a larger diameter, ceramic-coated disk at 0.69 
and 6.9 MPa contact pressure in an oscillatory 90°-reversal wear motion. 

It was determined that a major reduction in both the friction coefficient and wear 
rates occurred in the 400°C tests compared to the behavior of the coatings at room tem
perature.· The mechanism appeared to be a glazing of the chromia that produced a 
supersmooth surface. The effect was most pronounced for the flame-sprayed chromia 
coating. The friction coefficient in the unlubricated sliding wear tests was in the 0.2 range, 
which is the threshold for feasibility of unlubricated wear in diesel engines. 

(60) National Center for Electron Microscopy 
($1445 K) 

G. Thomas 
R. Gronsky 

K.H. Westmacott 

Organization and operation of a national user-oriented resource for electron micros
copy. Maintenance, development, and application of specialized instrumentation includ
ing an atomic resolution microscope (ARM) for ultrahigh-resolution imaging, a 1.5-MeV 
high voltage electron microscope (HVEM) with capabilities for dynamic in-situ observa
tions, analytical electron microscopes for microchemical analysis and support facilities for 
specimen preparation, image analysis, image simulation, and instrument development. 

(61) Far-Infrared Spectroscopy 
($194 K) 

P.L. Richards 

Improvements in infrared technology are making possible increases in the sensitivity 
of many types of infrared measurements. In this project, improved types of infrared 
sources, spectrometers, and detectors are being developed. Improved infrared techniques 
are being used to do experiments in areas of fundamental and applied infrared physics 
where their impact is expected to be-large. 

Progress in infrared technology includes (a) development of a new source for 
broadly tuned far-infrared spectroscopy based on harmonic generation from microwave 
oscillators; (b) development of a variable-temperature apparatus for accurate measure
ments of polarized far-infrared reflectivity and ·transmissivity of solid samples over the 
temperature range from 5 to 300 K; (c) evaluation of new concepts for ultrasensitive pho
toconductive detectors for the 50-1000 J.Lm range; and, (d) the bolometric detector previ
ously developed for far-infrared spectroscopy is being reconfigured as a micro-calorimeter 
to measure the heat capacity of monolayers deposited on metal surfaces. 

Infrared experiments in progress include (a) an experimental test with unprecedented 
accuracy of the Planck theory for the shape of the spectral emissivity curve of a black
body;. (b) measurements of the infrared emission spectra of molecules chemically adsorbed 
on metal surfaces; (c) measurements of the infrared spectra of one-dimensional 

( 
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conductors; and (d) measurements of the heat capacity of monolayer films on metal sur
faces. 

(62) Superconductivity, Superconducting Devices, and 1/f Noise 
($234 K) 

J. Clarke 

De Superconducting Quantum Interference Devices (SQUIDs) are being used in a 
wide variety of applications, including geophysical measurements, noise thermometry, and 
nuclear and quadrupole magnetic resonance in the frequency range from il few kHz to 100 
MHz. SQUIDs are being operated at temperatures down to 20 mK to study their ultimate 
noise limitations for such applications as transducers for gravity-wave antennas. The 
dependence of the low-frequency flicker (1/f) noise on the materials from which the 
SQUIDs are fabricated is being investigated. The stability and noise properties of all-Nb 
Josephson junctions are being studied. The lifetime of current-biased Josephson tunnel 
junctions against macroscopic quantum tunneling is being measured, with particular 
emphasis on the effects of dissipation. The parameters of these junctions are determined 
in the classical limit, in part by the effect of microwave irradiation on the lifetime. A 
detailed study is being made of the excess low-frequency noise induced in metal films by 
electron and ion bombardment in an electron microscope. In addition to yielding infor
mation on the origin of the noise, these measurements may provide a new technique for 
investigating mobile defects in metals. 

(63) Nuclear Magnetic Resonance (NMR) 
($617 K) 

A. Pines 

The nuclear magnetic resonance (NMR) program has two complementary directions. 
The first is the development of new concepts and techniques in NMR in order to extend 
the applicability of the spectroscopy to a wider range of problems and materials. Such a 
program demands a study of the interaction of nuclear spins with each other, with other 
degrees of freedom such as molecular rotations, and with external excitations such as 
radiofrequency pulses and light. It also requires the development of new theoretical tools 
and the design and implementation of novel experimental methods. Such methods entail 
a substantial effort in the design and fabrication of next-generation NMR equipment. 

Some developments currently under way in this direction are multiple-quantum 
NMR and clustering, zero-field NMR, solid-state materials-imaging spatially selective 
NMR with surface coils, superconducting quantum interference device (SQUID) detectors 
in high-sensitivity two-dimensional NMR of dipolar couplings, high-temperature NMR, 
multiple-pulse and iterative schemes, optical polarization of gases, and selective polariza
tion of surfaces. The second direction is the application of usual NMR methods and 
instrumentation to some materials research problems in collaboration with other programs 
at LBL as well as with outside industries. Some of the materials and problems currently 
under investigation in this direction are the structure of doped semiconductors, organic 
and organometallic solids, ordering and phase transitions in liquid crystals, dynamics of 
oriented and constrained molecules, structure and motion in silicate glasses, and clustering 
in zeolite cavities and solid-gas interfaces. This program addresses a national need for a 
model effort to implement the rapid development and transfer of NMR technology to 
laboratories in industry and other organizations. 
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Center for Advanced Materials 

R.O. Ritchie, Director 

The Center for Advanced Materials (CAM) was established on October 1, 1983 to 
help meet the need for major research efforts in areas of materials science that are vital to 
U.S. industrial strength. High technologies depend critically on the development of 
sophisticated new materials and the ingenious exploitation of their physical, chemical, and 
biological properties. In many areas, however, industrial research progress is blocked by 
our insufficient understanding of the underlying basic materials science. 

At CAM interdisciplinary teams of investigators undertake basic research aimed at 
solving materials problems of interest to American industry. Problems are selected with 
the view of transferring essential new technologies to the industrial sector within 5 to 15 
years. Thus a close working relationship with industry is a major aspect of the CAM pro
gram. Industrial scientists are named to program advisory boards, which comment on the 
research progress and plans of individual programs. An Industrial Fellowship program 
allows scientists from industrial research laboratories to work in CAM laboratories for 
periods of three months to one year. Industrial gifts of funds, equipment, and materials 
support CAM research, as do contracts and other collaborations. 

Another component of CAM efforts is the training of graduate students and postdoc
toral fellows for materials science research positions both in industry and academia. The 
coupling of the resources and capabilities of a national laboratory with the expertise of 
academic and industrial research scientists, in conjunction with the training of new gen
erations of materials scientists, sets forth a model for productive collaboration within the 
research community and assistance to the competitive standing of American industry in 
world markets. The total annual funding is $5000 K. The program areas are listed below. 

(64) Electronic Materials E.E. Haller 

The Electronic Materials Program focuses on solving major scientific problems 
impeding the development of large-scale digital integrated circuits and optoelectronic dev
ices based on gallium arsenide (GaAs). Research in this area relies on the close interac
tion and collaboration between crystal growth and characterization efforts. Thus the pro
gram addresses the following specific issues: 

1. Studies of the mechanisms of structural and electronic defect formation during 
crystal growth. 

2. Evaluation of the effects of crystal growth conditions on the spatial distribution 
of defects in large-diameter crystals. 

3. Studies of structural and electrical properties of metal-GaAs interfaces. 

Reproducible growth of low dislocation density, 2-inch diameter GaAs crystals has been 
achieved using computer-controlled multizone Bridgman-type furnaces. The technique is 
currently being modified for vertical growth with the aim being to. produce low-dislocation 
density cylindrical GaAs single crystals of 2 to 4 inches in diameter. Atomic resolution 
electron microscopy studies of arsenic-rich GaAs clarified the mechanism leading to pre
cipitate and dislocation formation: it was found that dislocation loops are formed as a 
result of Ga vacancy precipitation. A radiocarbon (14C) doped crystal was successfully 
grown. Autoradiograms together with dislocation-revealing photoetching showed that car
bon, the major shallow acceptor in semi-insulating GaAs, is homogeneously distributed 
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and does not segregate to dislocations or grain boundaries as has been proposed by vari
ous groups. An extensive study of the effects of annealing on structural and electronic 
properties of thin-film metal-GaAs interfaces allowed for determination of optimum 
annealing temperatures for a large variety of metals. These results bear directly on the sta
bility of metal-semiconductor field-effect transistors that are fabricated by a direct implan
tation process on semi-insulating GaAs wafers. 

(65) Polymers and Composites Program M.M. Denn 

High-performance polymeric materials are now being used in large-scale and load
bearing applications that have in the past demanded the use of metals. The technology of 
fabricating these systems involves ingenious routes to manipulating the distribution of 
molecular and supramolecular orientations in a manner that leads to the required high
performance properties. This microstructure is determined to a large extent by how pro
cessing and shaping are carried out in the liquid state, a process that involves subtle 
interactions between cooling rates, deformation history, and the control of phase changes. 

The Polymers and Composites Program focuses on the development of a sound 
scientific basis for the prediction and control of microstructure during the melt processing 
of high-performance polymeric materials. The program emphasizes two highly-integrated 
project areas: heterogeneous polymeric materials and polymer/substrate interactions. The 
first emphasizes anisotropic liquids, particularly liquid crystal polymers, using rheology, 
NMR, and structural theory to elucidate how orientation and stress develop during shap
ing. The way in which a multiphasic polymer melts, affecting macroscopic orientation 
and orientation rates, is of particular concern. The second project emphasizes the theory 
of polymer conformation and stress near a solid interface as a means of defining the influ
ence of surface interactions on bulk orientation and stress, and hence on properties. The 
developme,nt of computational methods for predicting structure development and the 
onset of dynamical instabilities is an integral component of both project areas. 

( 66) Ceramic and Metal Interfaces R. Cannon 

Adhesion between dissimilar materials is being studied with emphasis on fracture at 
or near ceramic-metal interfaces. Results achieved reveal that fracture energies depend 
upon interfacial structure and chemistry, but that major contributions to these energies 
derive from three categories of irreversible losses that depend, in turn, upon the degree of 
interfacial bonding. These are energy losses during bond rupture, near-crack tip plasticity 
in the metal, and additional toughening from microstructural crack shielding. A limited 
study of fracture of ceramic polycrystals, for which there is no plasticity, confirmed the 
importance of the first of these. Experiments on copper/glass samples have established · 
that near-tip plasticity and further toughening due to bridging by small bulges behind the 
crack can provide most of the fracture energy. 

These results suggest methods that should be applicable to enhancing fracture resis
tance of multilayer structures used in the microelectronics industry. Further investigation 
of various ceramic/metal couples is being devoted to more refined treatments of these 
effects and to better establishing the role of local chemistry in providing coupling between 
interfacial bond rupture and attendant plasticity. 

Studies of film delamination, representing problems of specific industrial interest, are 
also being conducted. These provide complementary information on interfacial fracture 
and permit application of results on interfacial toughness to elucidate interrelations 
between residual stresses and toughness in film delamination conditions. Finally, 
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methods to improve interfacial fracture resistance are being demonstrated within this con
text. 

(67) Instrumentation for Surface Science J. Clarke 

Scanning tunneling microscopy is used to study electronic topographic properties of 
surfaces on an atomic scale both in ultrahigh vacuum and under atmospheric conditions. 
Experiments in progress include studies of the properties of the graphite surface, in partic
ular the asymmetry of adjacent atoms, the effects of surface contamination on the 
observed atomic structure, and the observation of metal clusters deposited on the surface. 
Ab initio calculations are used to interpret the observed surface structure, and these have 
explained the asymmetry of neighboring atoms on the graphite surface. Other layered 
compounds are being investigated both experimentally and theoretically. 

A variety of linear and nonlinear optical techniques are used to study molecules 
adsorbed at interfaces, for example, polymers on metals and insulators, and surfactants at 
various gas-liquid, gas-solid and liquid-solid interfaces. One application, in collaboration 
with Exxon Research Laboratory, is the use of second-harmonic generation to identify 
organic molecules with large optical nonlinearities that are of interest for optoelectronic 
devices. 

An ultrasensitive bolometric detector is used in a microcalorimeter to measure the 
heat capacity of a monolayer adsorbed on a surface with a sensitivity of ro-3 kB per sur
face site. 

(68) Surface Science and Catalysis G.A. Somorjai 

The Catalysis Program pursues basic research in areas of surface science and catalysis 
that have been shown to be important to existing and emerging technologies. Synthesis 
and atomic-level surface characterization (structure, composition, energy states) are 
emphasized, and the relationships between performance (chemical, mechanical, or elec
tronic) and properties that were determined on the molecular level are established. 

Microporous crystalline materials such as zeolites have demonstrated their extraordi
nary value as catalysts in a variety of applications. Studies in this area are focused on an 
understanding of the control of nucleation, growth, and structure of these materials so that 
they can be produced systematically for specific reactions. Transition-metal carbides, oxy
carbides, and nitrides are also being prepared in microporous crystalline form and are 
being characterized with respect to their potential use as catalysts in a variety of reactions. 

The second focus of the program is on a fundamental understanding of surface com
pounds and phenomena including metal-oxide interfaces, bimetallic monolayers and hard 
coatings synthesized through plasma deposition. Recent results point to the existence of 
two-dimensional bulk phases and to the possibility of producing metastable thin-film 
materials (such as diamond-like carbon) by the interaction of excited-state molecules with 
surfaces. 

(69) Structural Materials J.W. Morris, Jr. 

The Structural Materials Program has three major facets: advanced aluminum alloys, 
the science of alloy design, and materials and weldments for high-field superconducting 
materials. 

Research on advanced aluminum alloys is intended to advance the metallurgy and 
contribute to the development of low-density aluminum alloys for optimized performance 
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and minimal energy consumption in aerospace and ground transportation systems. This 
includes (1) theory, including precipitation phenomena, mechanical behavior, and physical 
properties; (2) characterization, including high-resolution microstructural studies; 
(3) mechanical properties, including deformation, fracture and fatigue; (4) corrosion, 
including corrosive attack and stress corrosion cracking; (5) ingot metallurgy, including 
refining, melting and casting; and (6) alloy design, the synthesis of the results of funda
mental research to suggest new alloys that offer outstanding combinations of properties. 

The alloy design project has three objectives: to build the scientific foundation 
needed for alloy design, to develop systematic approaches to alloy design, and to create 
new alloys that satisfy advanced energy needs. Research includes work on ( 1) carbon 
steels with exceptional formability, (2) fatigue-resistant lead-tin solders, (3) high-field 
superconducting wire, and (4) intermetallic systems. 

Work on structural materials and weldments is motivated by the need for new alloys 
having suitable strength and toughness in welded structures in the high magnetic fields 
and low temperatures of high-field superconducting magnets. The project has three tasks: 
development and testing of new austenite Fe-Mn alloys and weldments, development of 
alloys that are suitable for use in the conduit sheath of force-cooled conductors, and test
ing and analysis of the relevant mechanical behavior of current and potential structural 
alloys. 

(70) Enzymatic Synthesis of Materials M. Alper 

Despite extensive materials research in many laboratories over several decades, there 
are a number of important classes of materials that have not yet been examined for 
advanced properties. One such class includes those that can be produced only though de 
novo enzymatic synthesis or by enzymatic modification of existing substances. 

Work in this area has, until now, been limited by the unavailability of the required 
enzymes, most of which do not occur in nature. This new program is focused on the 
design and synthesis of these enzymes by exploiting the extraordinary recent progress in 
molecular biology and protein engineering. Selected naturally occurring enzymes will be 
specifically modified so that they can bind new substrates or catalyze new reactions. 
These will then be used to produce novel materials with useful properties. 

Initial work is focused on the enzyme lysozyme, which degrades polysaccaride bac
terial cell walls in nature. Reaction conditions will first be engineered to force the enzyme 
to act in the synthetic rather than degradative mode. The enzyme will then be modified 
so that it can be used to produce novel variants of the polysaccharide chitin, a structural 
component of the exoskeleton of insects and crustacea. It will also be used to produce 
derivatives of the polymer cellulose. The ability of the enzyme to control the degree and 
position of the substituent groups will be exploited to produce materials with unique pro
perties. 
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NUCLEAR SCIENCE DIVISION 

T .J .M. Symons, Division Head 

(1) Heavy-Ion Physics Research 
($7,245 K) 

NSD 

T.J.M. Symons 

This project covers basic physics investigations with heavy ions at the 
Bevalac/SuperHILAC complex and the 88-Inch Cyclotron. It supports developments in instru
mentation, provides collaboration with visiting researchers, trains graduate students, and stimu
lates the development of accelerators and facilities. 

Research at the Bevalac involves beams of ions up to 238U at energies up to 2.1 
GeVjnucleon to study the basic nuclear physics of interactions induced by relativistic heavy 
ions. Recent investigations have focused on reaction mechanisms and properties of nuclei 
under extreme conditions of density and temperature, exploitation of the new heavy-ion beams, 
an evolving program to study direct lepton and dilepton production, a new program studying 
the interaction of secondary radioactive beams, and studies of the atomic spectra of very highly 
ionized atoms. 

Experiments at the SuperHILAC use ions from 20Ne to 238U to investigate heavy-ion reac
tion mechanisms and nuclear structure and to search for exotic elements and isotopes. 

Experimental heavy-ion research at the 88-Inch Cyclotron focuses. primarily on investiga
tions of heavy-ion reaction mechanisms over a wide range of energies, the study of exotic nuclei 
far from the valley of stability, the spectroscopy of high-spin states of nuclei, studies of collec
tive motion in heavy-ion-induced reactions, and searches for, and studies of, unusual tran
suraniuum isotopes and elements. 

Experiments being· carried out at the Super Proton Synchrotron at CERN during FY 1987 
will extend heavy~ion investigations to ultrarelativistic energies using 160 and 32S beams at 60 
and 200 GeVjnucleon. 

(2) 88-Inch Cyclotron Operations 
($2,033 K) 

R. Stokstad 

The 88-Inch Cyclotron is operated as a national facility for experimental research mainly 
in nuclear science but also in other areas such as biomedicine, atomic physics, surface physics, 
and radiation damage in semiconductors. The cyclotron can accelerate all ions from hydrogen 
through krypton to energies above the Coulomb barrier for targets as heavy as uranium. For 
special applications at low intensity the cyclotron has provided fully stripped ions up to Ar, 
with masses up to 197. 

The 88-Inch Cyclotron is a variable-energy isochronous cyclotron with spiral-sector focus
ing. An ECR (Electron Cyclotron Resonance) ion source produces a wide range of high-charge
state heavy ions that are accelerated by the cyclotron. The energies of heavy ions are limited by 
the magnetic field strength to 160 Q2/A MeV, where Q is the charge state of the ion and A is 
the mass in amu. For fully stripped ions with Q/A of 1/2 such as alphas, c6+, and 0 8

+, the 
deflector limits the energy to 140 Q2/ A MeV. 

Since regular operation with the ECR source began in January 1985, a wide range of high
quality new beams and energies, including 400-MeV Arll+, 429-MeV 0 7+, and even 1-GeV 
36 Ar18+, has been developed and used in nuclear-science experiments. Light-ion beams of pro
tons, deuterons, and alpha particles at energies up to 57, 70, and 140 MeV, respectively, can be 
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produced with the cyclotron using either an internal-filament source, the ECR source, or, in the 
case of polarized protons and deuterons, the polarized-ion source. Operating efficiency, as 
measured by beam time on target, beam stability, and user satisfaction, as well as the scientific 
capability of the 88-Inch Cyclotron have increased dramatically since operation with the new 
ECR source. 

This 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 LBL scientists, graduate students, and scientists from institutions other than LBL. The 
cyclotron was used by 173 scientists from 44 institutions during FY 1986. Beam was received 
by 63 experiments. 

(3) Nuclear Theory 
($815 K) 

J. Randrup 

The Nuclear Theory Program covers many major areas, ranging from topics within tradi
tional nuclear physics to speculative topics at the interface between nuclear and high-energy 
physics. The program partly reflects, but also extends beyond, the already rather broad range of 
the experimental program at LBL. The areas of research include the following broad categories: 

l. Nonperturbative aspects of field theories, particularly the quark-confinement mechan
ism, topological solutions to effective meson field theories and their bearing on 
nucleon and nuclear structure, and the form of the interactions in superstring theory. 

2. Matter at high energy density, as may arise in high-energy collisions and astrophysical 
systems, and the associated phase characteristics; nuclear collisions at ultrarelativistic 
energies, including nuclear stopping power, the space-time development of chromo
dynamic plasmas far from equilibrium, and possible experimental signatures for the 
deconfined quark-gluon phase. 

3. Topics associated with nuclear collisions at intermediate energies, such as modeling 
and understanding the reaction dynamics, developing analysis methods for multifrag
ment events, simulating the disassembly process and the formation of composite frag
ments, and studying the equation of state of hadronic matter at densities both below 
and above saturation. 

4. Nuclear dynamics at moderate energies, especially dissipative transport properties, 
and the change in dynamical characteristics of nuclear systems with excitation and its 
relation to the transition from order to chaos. 

5. Macroscopic nuclear properties, including the nuclear surface response, nuclear 
moments and masses, nuclear deformation energy surfaces and fission barriers, and 
nuclear transmutation processes. 

(4) Low-Energy Physics Research 
($1,070 K) 

T.J.M. Symons 

This project covers basic physics investigations with light ions (protons through 4He, 
including polarized protons and deuterons) at the 88-lnch Cyclotron. In addition, it supports 
developments in instrumentation, provides collaboration with visiting researchers, trains gradu
ate students, and stimulates the development of accelerators and facilities. 

Studies of light nuclei far from stability use light-ion beams and an on-line mass-analysis 
system Recoil Atom Mass Analyzer. Searches are conducted for nuclei near the proton and 
neutron drip lines that may decay by new exotic radioactivities. Light-ion beams are being 
used to investigate the advent of fissionlike phenomena in deep-inelastic collisions. Spin-
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polarization effects in nuclear reactions are studied in collaboration with outside users, making 
use of the excellent polarized proton and deuteron beams from the 88-Inch Cyclotron. Experi
ments designed to test the fundamental symmetry properties of the nuclear interaction are in 
progress. In addition, a new program in nuclear astrophysics is being developed. 

(5) Isotopes Project 
($365 K) 

E. Browne-Moreno 
R.B. Firestone 

The Isotopes Project compiles, evaluates, and disseminates nuclear-structure and -decay 
data. The Project also develops evaluation and compilation methodology. From 1940 to 1978 
the main objective of the Isotopes Project was the production of the Table of Isotopes. Since 
publication of the seventh edition in 1978, the group has coordinated its evaluation efforts with 
the national and international nuclear-data networks. The group is currently responsible for the 
evaluation of mass chains A = 167-194. All evaluated data are entered into the international 
Evaluated Nuclear Structure Data File (ENSDF) and published in the Nuclear Data Sheets. 

The Isotopes Project is also responsible for the production of the Table of Radioactive Iso
topes, first published in 1986. This book provides a concise source of recommended decay data 
derived from the ENSDF file. The group has also developed LBL/ENSDF, an extensive data 
base of nuclear-structure and -decay information that is available, on line, to the research com
mpnity. 

In addition to serving a broad user community, the Project plays an active role in promot
ing the science of nuclear-data evaluation. The group maintains an extensive library with 
comprehensive data files and the major nuclear-physics journals. The Isotopes Project 
encourages the basic and applied nuclear-science communities to use its expertise on the pro
duction, detection, and use of radioactive isotopes and the interpretation of nuclear-reaction 
data. 
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PHYSICS DIVISION 

P.J. Oddone, Division Head 

(1) High-Energy Physics Research 
($8600 K) 

PD 

P.J. Oddone 

This program is concerned with experimental and theoretical research in high-energy phy
sics. Experimental research is carried out principally at the particle accelerators at the Stanford 
Linear Accelerator (SLAC) and the Fermi National Accelerator Laboratory (Fermilab). The 
broad purpose of the experimental research is to perform experiments that will contribute signi
ficantly to the development of a fundamental theory of matter. The extensive planning, design, 
and implementation of these experiments are carried out at LBL, as are the data analysis and 
preparation for publication. The theoretical work is partly independent research in all aspects 
of particle theory and partly research motivated by, or responding to, the experimental pro
gram. 

An upgraded part of the experimental work is directed toward exploitation of the 
Positron-Electron Project (PEP), the electron-positron colliding-beam facility at SLAC, through 
collaborative experiments with a detector (PEP-4) based on the Time Projection Chamber 
(TPC). 

Most of the remaining experimental program is directed toward exploitation of the 2-TeV 
pp Tevatron Collider at Fermilab and the 100-GeV e+e-linear collider at SLAC [Stanford Linear 
Collider (SLC)]. The Tevatron Collider effort consists of development and construction of parts 
of the Collider Detector Facility and D-zero detectors. The SLC program involves the con
struction and operation of a new calorimeter as part of the upgrade of the MARK II detector 
for operation at 100 GeV. 

(2) Positron-Electron Project (PEP)-Facilities Operation 
($700 K) 

P.J. Oddone 

This program is concerned with the operation of PEP-4, the TPC facility installed in the 
Interaction Region 2 of the PEP at the Stanford Linear Accelerator Center. 

(3) High-Energy Technology 
($1800 K) 

G.H. Trilling 

The work on high-energy technology is devoted to research and development (R&D) for 
advanced detector systems both at LBL and other U.S. laboratories. LBL's unique capabilities 
in its electrical/electronic engineering and mechanical engineering departments permit LBL 
physicists to undertake extensive R&D efforts of ultimate benefit to the whole high-energy phy
sics community, and beyond. 

The experience and expertise developed in the course of creation of the TPC in the PEP-4 
are being applied to improvements to the present TPC and to R&D on other TPC-related 
detectors. Other areas of detector development include semiconductor tracking detectors, 
room-temperature liquids for hadronic calorimeters, radiation damage in gas detectors, devices 
built from amorphous silicon, and VLSI readout chips. Many of these R&D efforts have appli
cations in industry and in research fields other than high-energy physics. 
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(4) Analytical and Numerical Methods 
($700 K) 

116 

A.J. Chorin 
P. Concus 

This program focuses on the areas of vortex dynamics and turbulence, high-resolution 
methods for hyperbolic equations, fronts and interfaces, reacting flows, capillarity phenomena, 
inverse problems, and numerical solutions of elliptic partial differential equations. A central 
goal is the construction of mathematically sound, computationally efficient, and physically real
istic models that can lead to fundamental scientific understanding and can be used for engineer
ing purposes. 

The vortex dynamics and high-resolution methods provide powerful and general tech
niques for solving the equations that arise in turbulent flow, multiphase displacement in porous 
media, and other areas. Coupled with additional techniques, they are an effective basis for 
attacking problems in reacting flows, such as combustion and flame propagation. The other 
topics of interest yield numerical and mathematical methods for attacking broad classes of 
problems including the reconstruction of images of objects from projection data of their 
transverse sections and the discontinuous behavior of capillary surfaces. Related new areas to 
be treated under the program are phase transition, liquid helium, and stochastic ordinary dif
ferential equations. 
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