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FOREWORD
S. V. Kaye

The technical progress of the Health and Safety Research Divisior: is reported routinely in pub-
lications of all types, technology transfer workshops, and cral presentations at scientific meetings.
During the period covered by this progress report, April 1, 1981 to September 30, 1982, we pub-
lished 972 articles in journals, technical reporis, books, and proceedings. Members of the division's
rescarch staff have been averaging approximately 2.5 publicaticas per year for the past two years.
This high pueblication rate is complemented with a quest for Juality and by national and interna-
tional leadership in certain chosen arcas.

Two Indastrial Research-100 awards were received in 1981. Dr. Tuan Vo-Dinh won an award
for his room tempersture phosphorescence dosimeter for polynuclear hydrocarboms. Dr. Ed
Arakawa’s vacuum ultraviolet spectromeier was chwen also. The Industrial Rescarch-100 awards
are given in recognidon of the 100 most significant patentable technology developments as chosen
by an impartial group of judges in internat Jnal competition.

The Health and Safety Rescarch. uivision has made significant contributions to the
Laboratory’s “new initiatives™ in risk analysis, life sciences instrumentation, and indoor air pollution
studics. In the area Jf risk analysis a varicty of new nrojects were funded and carried out by the
staff of the Health Stmdies and Technology Asscssmeats Sections ir collaboration with staff from
several other divisions (Environrmental Sciences, Energy, Biology, Chemical Tecknology, /Analytical
Chemistry, and Fuel Recycie Divisions, and the Central Management Offices). The division now
has » strong capability in risk analysis and has made several innovative comtributions in terms of
methodoloey development and applications. Several portable, real-time pollutant monitors were
developed and field tested, particularly in synfuel facilities. Technology transfer prospects look very
good for all of these new instrumems. 27l some have already attracted strong industrial involve-
ment. Our indoor air pol’utios studies have been jointly sponsored by thz Department of Energy
and the Consumer Product Safety Commission. This work stressed pollution measurements in 40
homes in the O2k Ridge-Knoxville arca that were chosen on the basis of insulation type, ag=, heat-
ing system, design, etc.

The three activitics men.ioned above will continue to be pursued vigorously because new initia-
tivee generally require cveral years of program building before they become fully established
rescarch programs. These activities and others in the life sciences part of the division's research pro-
grams have now advaaced to the point where the key research accomplishments have been signifi-
cant encugh to bring favorable attention to the division and the laboratory. Nur success in avtract-
ing support for the work carried out in the Health Studics and Technology Assessments Sections
is reflected in the considerablec number of funding sources now supporticg their programs (see
Appendix A). Some of the key research accomplishments of these two sections are listed below:

¢ Synthesized a stable iodinated fatty acid incorporating a tellurium heteratom for imaging of the
myocurdium.

e Invented & condestructive surface emission monitor to measure emission of orgaric vapors from
consumer products.

v Developed a new health risk assessment methodology for examining the relative potency of chem-
icals.
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» Developed a multimedia environmental transport methodology for chemicals.

* Published agricultural parameters and lang use informatics on a county level basis to implement
terrestrial food-chain transport and assessmeat modeis.

*» Estimated long- and short-ierm atmospberic concentrations asd population exposares for
incineration of organic hazardous substances st 22 commercial incineration sites in the US.

> Publithed unique analyses of uncertainties implicit in estimates of radiation dose and assuciated
bealth effects.

e Develored new mobile gamma scanning equipment and procedures which will save DOE millions
of dollars via rapid vehicular screening of suspected contaminated sites.

Some of these accomplishments required collaboration with the staff of other divisions at ORNL,

grams of the division’s life sciznces and physical scicaces components represeat great diversity, yet

there is 3 cohesiveness that allows us to oring to bear awesome scieatific expertise on important

problems in the complex and interrelated areas of eavironment, health, safety and technology. -

Exciting progress was made in scveral areas of our basic physics rescarch carried out by the
Chemicat Physics and biclogical and Radiation Physics Sections. Some of the key research accom-
plishmerts are the following

¢ Correlated physical parameters of metals with aut: toxicity in mice and drosophila.
* First Jirect measurement of very low-energy electron attenuation lengths in thin carboa films.
¢ Developed unique gas mixtures for use in diffuse-discharge switches for pulsed-power generatioa.

¢ Develoned theory of surface plasmon resonance contributions to surface enhanced Raman scatter-
ing ana obtained anguiar dependence of the effect.

* Sigrificant progress has been made toward the development of an ion implantation mass spec-
trometer (Maxwell demon) and vacuum ultraviolet laser sources for the low-level detection of
noble gases.

® The first measurement has been made of a ground state, three-body reaction for gaseous atomic
lithium which is of fundamental importance to the field of chemical physics.

® The feas:bility and possible analytical utility of a new vacuum ultravioket light source based on
third-harmonic generation has been demonstrated by spectroscopic studies including absorption
and onc- and two-photon ionization.

* Detailed experimental and theoretical studies have firmly established and characterized coopera-
tive effects on multiphoton ionization which represents a fundamenta: addition to long-standing
theories in nonlinear optics,

Our physica) scientists participated in numerous interactions with foreign laboratories through colla-
borative visits of 17 foreign scientists to our physics program and 8 foreign trips by Heslth and
Safety Rescarch Division physicists to meetings und laboratories overseas. In addition, Drs. Ray
Garrett, John Miller, Eph Klots, and Rufus Ritchie were on extended foreizn assignments during
this reporting period.
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During the past reporting period, thre: zey personnel chanyes were made, due to retirements
and resignations. Dr. Thomas Ferrell replacz4 Dr. Robert Birkhoff as leader o tke Submicron Phy-
sics Group, Dr. Barry Berven replaced 0:. William Goldsmith as leader of the kemedial Action
Sarvey and Certification Activities (RASCA" Group, and Dr. Steve Sims was named leader of the
Dosimetry Applications Rescarch Group.

Several organizational changes wer- mais which improved the division’s ability to effectively
complete its planned piograms and acti-lies. The Metaolism and Dosimetry Group was
transferred from the Health Studice Sc.tice to the T:zchnology Assessments Section to consolidate
and strengthen activities in the radic “joa dosimetry arez. The Exposure Analysis Group was
transferred from the Technology Asses neats Section to the }lealth Studies Section to provide for a
comprehensive risk assessment capabi’..y. A newly-created Cffice of Risk Analysis was esiablished
to serve as GRNL's frcal point for t:ck--elated activities. Dr. Herbert Inhaber was appointed as
coordinator of this new office. Becazse of programmatic and funding changes within the Depart-
ment of Energy, the Gffice of felegrated Assessmeixate and Policy Analysis was ecliminated.
Increased application of the divisic~'s Health Physics Research Reactor as an irradiation source,
and as a focal point for personnet -ad a5 ident dosimetry de-clop ment, evaluition, and training on
national and internationzl levels hs- orougst rencwed recogiition to the facility and its staff. This
has resulted in recent designation ' he: mactor as one of ORNL's official “user facilities™.

The Health and Safety Resesul: Thvision continued to =main healthy financially although we
are now competing for redeced z¢21:4bh defiars in the areas o b.alth, safety, and environment. We
accept this challenge and intend w pursuc several promisitg new funding prospects which will pro-
vide additional streagth to the Jivisita's research programs Motivation remains high and we are
inspired by our owt progirss «. intivid.al researchers, as » division, and as major contributors to
many important prograxs st GRML.
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The Health Studies Section was established to provide a comprehensive research capabilit / in
the areas of health risk analysis and biomedical research. The section includes research capabilities
m many of the major areas necessary to carry out an evaluation of the buman health impacts of
technology development. The Instrumentation and Messurements Group develops instrumentation
to measure the nature and extent of pollutant levels within the environment, the workplace, and the
home. The Exposure Analysis Group develops analytic.i approaches to predict the environmental
transport and behavior of toxic pollutants in order to as:ess the potential human health impacts.
The Health Effects and Epidemiology Group is developing approaches to evaluate the health risks
associated with exposure to substances releassd from a variety of energy-related activities. |



As part of the comprehensive program in health-related rescarch, the Nuclear Medicine Group
is involved in the application of nuclear technology to the diagnosis and treatment of diseasc and
the development of radiolabeled agents for use in biomedical research.

INSTRUMENTATION AND MONITORING

A primary objective of this group is to produce new analytical tools and methods for monitor-
ing pollutants associated with energy-related technologics. The emphasis is on field portability,
rapidity of analysis, and cost-effectivencss. The past year saw an increased involvement in putting
into practice several of these newly-developed instruments. Highly-sensitive formaldehyde exposure
meters of both passive and active types have been employed in a Consumer Product Safety
Commission-sponsored indoor air pollution study of forty Oak Ridge area homes, and in a large-
scale study being conducted by the Canadian National Research Council. These devices were also
used to conduct an evaluation of formaldehyde release from a number of commercial urea-
formaldehyde insulation materials installed in simulated wall panels.

Under Eavironmental Protection Agency (EPA) contract, the technivue of synchronous
luminescence was applied for the purpose of screening and ranking a large number of air sample
extracts to determine overall aromaticity and presence of polynuclear aromatic compounds (PNAs).
The PNA vapor/liquid acrosol badge and the derivative uv-absorption svectrometer (DUVAS) have
continued to provide valuable site-specific data on worker exposure levels, especially at the H-Coal
plant in Catlettsburg, Kentucky. This information has particular importance to research initiatives
in the areas of worker protection and pollution control technology. A new verson of the DUVAS is
also being ficld tested as an on-line, real-time monitor of pheze Jlics in wast=-water clean-up systems.

Several innovative monitoring approaches are being developed for new, or vet to be tried, appli-
cations. One monitoring device: non-destructively measures the rate of release of formaldehyde fron
the surfaces of consumer products. Individual source strengths can then be evaluated. This new dev-
ice has been designated the Formaldebyde Surface Emission Monitor (FSEM). A new «-chnique of
surface enhanced Raman spectroscopy (SERS) is being developed as a potential tool for monitoring
biologicaily active traces of PNAs and organophosphorus compounds.

These techniques have been developed as pari of a long-standing Department of Energy (DOE)
research program. Practical applications and subsequent furding have been identified with a wide
variety of other agencies to conduct field work and provide the field testing necessary 1o facilitate
technology transfer.

EXPOSURE ANALYSIS

The work in this group has emphasized development of mathematical models and computer
codes to assist in predicting human exposure to environmental pollutants and the heaith and safety
impacts associated with development and operation of various energy technologies. The Exposure
Analysis group was transferred from the Technology Assessments Section to the Health Studies
Section in May 1982,

A multimedia environmental transport model was developed for the EPA Office of Toxic Sub-
stances. The model will be used in a screening-level identification of new chemical snbstances or
mixtures which may present an unreasonable risk to human health and the environment. Included
in the mode] are algorithms for estimating pollut“am concentrations in atmospheric, aquatic, and ter-
restrial systems including the terrestrial food-chain.




A risk assessment of hazardous waste incineration and treatmeat facilities is being performed
for the EPA OfTice of Research and Development. The assessment will address the human health
and safety issues associated with operation of hazardous waste iucineration facilities and various
hazardous waste control and treatment technologies.

An information system to support the assessment of bealth risks associated with coal produc-
tion has been developed for the DOE Division of Eavironmental Impacts. The information system
contains producticn and occupational accident/injury data for domestic coal mining and processing
and documents accident, production, and employment trends for individual coal counties. These
data can be combined to assess the impact within coal basins, federal regions, or any other sum-
mary area. Over 30 variables describing mine type; victim experience, job title, and age; degree of
injury, etc., arc available online for use as an analytical tool. A users’ guide describing access to and
manipulation of the datasets has been prepared.

An automated inhalation and ingestion exposure methodology is being developed with support
from both the EPA Office of Rescarch and Development and the DOE Office of Health and
Environmental Kesearch. The computer code will automatically access population, meteorological
and agricuitural data bases to estimate exposure from inhalation and ingestion of hazardous
chemicals. Ini " ] applications of the methodology will be to estimate human exposure resulting
from developme... of synthetic fuel technologies and the operation of hazardous waste incineration
facilities.

HEALTH EFFECTS AND EPIDEMIOLOGY

The developmeat of a comprehensive health risk analysis approach continues as our overall
rescarch focus. Our ¢ Torts include development and subsequent application of a relative potency
approach for dose-response modeling of health impact. The dose response approach is derived from
an analytical evaluation of toxicuogical data at all levels of biological organization. This approach
provides estimates of human dose response, the extent of uncertainty and range of risk in the esti-
mate, and an evaluation of the predictive power of the biological test systems used. The app.oach
has resuited from support provided by the EPA and DOE and has been applied to many classes of
compounds found singly and in combination in coal-derived liquids. A generalized dose-response
function has been successfully applied to radiation- and chemical-induced neoplasia in test animals
and man.

Experimental efforts are continuing to develop various biological indicators of human exposure
to various chemicals, utilizing biochemical and immunological assays. DOE-funded work is ongoing
w understand mechanisms by which various electric discharge products of dielectric gases exert
their toxic effects at the cellular level, mechanisms by which cytotoxicity and immune system per-
turbation contribute to mechanisms of carcinogenesis, and how bioassays can be designed for quan-
titative evaluation of toxicity using RNA metabolism as an indicator.

A major EPA epidemiological study continues on the associations between mineral and trace
clements in drinking water and cardiovascular disease. Staff are also conducting sensitivity analyses
for the DOE on thyroid cancer risks attributable to radiation exposure, and examining the relation-
ship between stomack cancer and occupational exposures to chemical agents.

Through DOE support these research and assessment techniques have been applied to a wide
~ariety of energy-related activitics during the past year: coal combustion and conversion facilities,
fusion reactors, nuclear power plants and proposed waste repositories, residential wood-burning, and



ciectrizal power transmission lines. In addition, these techniques have beea used generically to
examine health-related issues associated with indoor air quality. Application of these research teols
has provided critical input on how health-related concerns shape broader socictal issues.

NUCLEAR MEDICINE

The rescarch conducted in this arca involves the development of new radiopharmaceuticals for

use in nuclear medicine and other radiolabeled agents with application in biomedical and environ-
mental rescarch. This rescarch program is sipported by the DOE and the National Institutes of
Health.
Major emphasis has been focused on the development of Lew agents with applications for the
cvaluation of heart discase and cercbral blood flow. A new class of radioiodinated long-chain fatty
acids containing tellurium has demonstrated a metabolic “trapping™ property in the myocardium.
The position of the tellurium atom within the fatty acid has a direct impact on myocardial uptake.
This effect is being cvaluated. The effect of methyl-branching on the inhibition of metabolism of
radioiodinated fatty acids is also being assessed. New, improved radiolabeling methods have been
developed and these results have opened a new research area for labeling these agents with '2L

The parameters for '*'Os production and the development of the '*'Os — ""®[r gencrator sys-
tem are also under investigation because of the unique application of the short-lived '*'*Ir radionu-
clide for the evaluation of heart disease in chiidren. The availability of the Oak Ridge High Flux
Isotope Reactor is crucial to this work, since the *'Os is one of the few reactor-produced radionu-
clides used in a short-lived generator system.

Several radioiodinated barbiturates and other new agents are being evaluated for measurement
of cerebral biocod flow. Various '***Pt-labeled antitumor agents and '*Au-labeled antirheumatoid
agents are being investigated foi therapeutic research.

Our research and devclopment projects continue to be strongly complemented by active
extramural collaboration through the Medical Cooperative Programs where new agents are supplied
to investigators in clinics, universities, and other research institutions for clinical evaluation. These
programs provide an opportunity to investigate our new agents in conjunction with established
medical research programs in the ficlds of cardiology, cerebral function, rhecmatology, and oncol-
ogy.




2. TECHNOLOGY ASSESSMENTS SECTION
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The Technology Assessments Section develops, evaluates, and applies instruments, procedures,
models, and data bases for asscssment purposes. The section thus provides many of the raeasure-
ments and simulations necessary to accomplish one of the division’s principal missions, i.c., estima-
tion and evaluation of risk associated with human exposure to nuclear and nonnuclear pollutants in
the work place and in the general environment. One of the section’s five groups conducts a mul-
tifaceted program centered around the Health Physics Research Reactor. Another group develops
and operates a comprehensive off-site radiological survey capability. The other three groups conduct
research which is more theoretical in contcnt collaborating with other researchers and drawing on
the scientific literature to satisfy data needs. Each of the latter three groups contributes to the
development and evaluation of assessment tools (e.g., models and data bases for estimating trans-
port, exposure, dose, and risk) in the process of evolving state-of-the-art expertise. Projects which
constitute the section’s progran® are highlighted in the paragraphs which follow for each group, and
among the division's contributions to national lead laboratory programs and assignments.

CONSEQUENCE ANALYSIS

The DOE work performed by this group is described on page 00 under the heading, Breeder
Reactor Program. The DOE work is complemented with projects supported by the Nuclear
Regulatory Commission (NRC) and the Environmental Protection Agency (EPA).
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For the EPA a geperal covironmental assessment model which estimates the potential health
risk and environmental impact from skallow-land disposal of radioactive low-level waste has been
implemented and documented. The model is cuctently being exercised with input data from three
sites: Beatty, Nevada; West Valley, New York; and Barnwell, South Carolina. These sites represent
the extremes of climate znd soil permeability to be expected at such sites. For another project, a
feasibility study for modeling the heaith risk from radioactive lic 3ids spilled in surface waters has
also been completed for EPA. For a third project, an entire suite of codes for EPA 10 use in stand-
ards development rescarch related to atmospheric radionuclide releases has been implemented and
documented. These codes and their associated data bases are calied the CRRIS system for
Computerized Radiological Risk Investigation System. This system is curreatly being used, not only
for EPA-supplied ‘aput data, but to contribute to a DOE-sponsored project generating an Liquid
Metal Fast Breeder Reactor (LMFBR) Health and Environmental Effects D 1ment (HEED).

The Consequence Analysis Group has been responsible for a number it NRC-sponsored pro-
jects. For the Office of Regulatory Research a project to develop and implement eavironmental
transport models and associated data bases to calculate realistic estimates of radiation doses to the
general public has been compieted. The final task was the development and documentation of the
RAGBEEF code, the first time-dependent model of radionuclide concentrations in a beef cattle
herd. A current project is identifying the sources and magnitudes of uncertainties in dose and health
effects cstimation from the geologic disposal of high level radioactive waste. This project is also pro-
viding NRC with assistance in preparing a contingency standard for geologic disposal of higb-level
waste, should an EPA standard not be available. Another project for the Office of Regulatory
Kesearch is providing to NRC the technical bases and support for revision of 10 CFR 20 to allow
for disposcl of solid wastes containing de minimis quantities of residual radioactivity.

For NRC’s Office of Nuclear Materials Safety and Safeguards, a project examining the ques-
tion of tie risk and consequences of theft or sabotage of facilities or vehicles containing small quan-
tities cf special nuclear materials and by-product materials being such that licensees should be
required to adopt further measures to safeguard them has been completed. Recommendations are
documrented in the final report. Another project for this office is assisting NRC in organizing and
presenting a series of three symposia on low-level radioactive waste disposa’ focusing on the 10
CFR Part 61 rulemaking. Site suitability requirements; characterization and monitoring programs;
and facility design, construction, and operating practices are covered in these symposia.

For NRC's Office of Reactor Regulation, a project assisting the NRC staff in reappraising the
regulatory position on the assumptions to be used in calculating light-water reactor accidsnt source
terms has be=n completed. The final report documents the review of relevant bases and models and
on-going research used in developing criteria for equipment qualification and emergency prepared-
ness. For another project, modifications, irprovements, and documentation for the TACT 3S com-
puter code are being produced. The TACT 3S code is used by the NRC in analyzing design basis
accidents for input to the safety evaluation reports,

ASSESSMENTS PROJECTS

The work of this group continues to represent a broad spectrum of radioi.gical impact assess-
ments of nuclear fuel cycle and non-fuel cycle facilities. During this reporting period, work for the
Nuclear Regulatory Commission occupied most of the research effort.

‘Two projects for the Office of Nuclear Reactor Regulation (NRC) were begun. A study on the
variability in dosc estimates associated with food chain transpurt and ingestion of reactor radiorw-
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clides was completed this year. 2 second project to prepare a definitive and authoritative document
on the assessment of environmental releases of radionuclides from nuclear facilities is nearing com-
plction. This methodology document considers both normal cperational releases and those associated
with accidents.

Work for the Office of Nuclear Regulatory Research (NRC) continued with cur project to
determine the technology and costs associated with certification surveys of decommissioned nuclear
facilities. A major milestone was completed this year with the issuance of a report detailing radio-
logical procedures and costs for final surveys of fuel cycle and non-fuel cycle sites.

Work on environmental impact statements and appraisals continued in collaboration with the
Energy Division at ORNL. Site-specific radiological impact assessments were completed for
relicensing of two fuel fabrication plants, construction of a low-level waste burial facility at the
Portsmou:h Gaseous Centrifuge Plant and operation of ORNL facilities. In addition, work was
completed on a generic environmental report for the Fu:ion Energy Assessment Program.

New work for the Florida Institute of Phosphate Research (FIPR) was initiated this year. In
addition to conducting a series of :iadiological studies relating to Florida’s phosphate industry,
technic~! support is being furnished to FIPR in a scientific review and public inforination capacity.

REMEDIAL ACTION SURVEY AND CERTIFICATION ACTIVITIES

The Rem~dial Action Survey and Certification Activities (RASCA) group has been involved in
~e-forming radiological surveys for ike Department of Energy’s remedial action programs since
1975. Documentation of these radislogical survey results is provided to DOE's Environmental and
Safety Engineering Division (ESED) for their use in determining the need and priority for remedial
action at each survcy site. Following remedial action by other DCE contractors, this group conducts
post-remedial acdon radiological surveys at each site to assess the adequacy of remedial action
measures in order for DOE to determine what restrictions, if any, need to be placed on property
use. Initially, radiologica: surveys were conducted by the RASCA Group at 22 inactive uranium
mill sites in western states under the Uranium Mill Tailings Remedial Action Program
(UMTRAP). More recently, the RASCA Group has taken a lead role in conducting comprehensive
radiological surveys at sites where work with uranium and thorium was performed under contract
with the Manhattan Engineer District (MED) and the Atomic Energy Commission (AEC). Work
at these la.ter sites is conducted under the Formerly Utilized Sites Remedial Action Program
(FUSRAP). Currently, the RASCA Group is primarily responsible for characterizing properties in
the vicinity of the uranium mill tailing sites.

During thi; reporting period, ground-level mobile gamms scanning survey. w~ere conducted in
13 uranium mill (ailings communities identified in the UMTRAP project. Thes¢ scanning surveys
have identified 435 vicinity properties in these various communitics suspected of having uranium
mill tailings material on or near the identified property. Comprehensive radiological surveys will be
conducted at privatc, commercial and public properties so identified to determine the location and
extent of the tailings contamination. In addition to the mobile gamma scanning surveys comp ehen-
sive radiological surveys were conducted at 34 vicinity properties in Canonsburg, Pennsylvania; 24
vicinity oroperties in Durangc, .olorado; 20 vicinity properties in Salt Lake City, Utah; and 8
vicinity properties in Maywood, New Jersey. Major site radiologizal surveys were _onducted at
Shpack Landfill in Norton, Massachusetts; Finberg Ficld in Attleboro, Massachusetts; and the
former Metal Hydrides Facility in Beverly, Massachusetts. Also, post-remedial action surveys were
conducted at six properties in Middlesex, New Jersey.
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Subcontractor activities within the group have developed and prepared a RASCA group pro-
cedures manuva! describing all activities within the group. The manual documeats: (1) organization
structure and operation of the group; (2) radiological survey methodology; (3) sampling procedures;
(4) description and use of all instrumentation; (5) data documentation procedures; (6) report
prepara‘ion, format and review process; and (7) quality assurance procedures.

Res:arch and development of new instruments and techniques in radiological surveying and
monitoring is an ongoing function of this group. The mobile scanning van was developed, tested and
used during this reporting period. The mobile gamma scanning van consists of a Nal(TI) detector
system controlled by an on-board mini-computer that employs a radionuclide-specific algorithm to
identify specific locations containing radioactive residual materials. Other accomplishments include
development of a soil counting technique using 2 6 in X 9 in Nal(T!) well detector for rapid assess-
ment of radionuclide concentrations in soil samples and adaptation of a previously developed cryo-
genic sampler to monitor off-gas fission product effluents from a high-flux isotope reactor.

DOSIMETRY APPLICATIONS RESE/ARCH

The Health Physics Rescarch Reactor (HPKR) is the principal research tool for the Dosimetry
Applications Rescarch (DOSAR) Facility. It is a small, unmoderated fast reactor which can be
operated up to 10" fissions in the pulse mode and to 10 kW in the steady-state mode.

Four mixed-ficld neutron and gamma-iay dosimetry studies, the Eighteenth and the Nineteenth
Nuclear Accident Dosimetry (NAD) Intercomparison Studies and the Seventh and the Eighth
Personnel Dosimetry Intercomparison Studies (PDIS) were crnducted using the HPRR. The large
number of participants (55 organizations participated in the Eighth PDIS) indicates the continuing
and growing need f. - these studies.

A weck-long personnel radiation dosimetry training course wee designed, developed, and
presented. The course, approved by the American Board of Health Physics, emphasized neutron
dosimetry and iavolved experiments with the HPRR. Nuclear power plant personnel and research-
ers from as far away as Taiwan attended.

The DOSAR staff collaborated with researchers from the University of Louisville and the U.S.
Army to perform radioprotective drug studies. Researchers from ORNL's Biology Division used the
HPRR in a myeloid leukemia study. The HPRR was operated in the pulse mode for Comparative
Animal Research Lakoratory studies of ceatra! nervous system damage in mice.

Using the unique capabilities of the HPRR, criticality alarm system verification tests were per-
formed for Argonne National Laboratory, Goodyear Atomic Corporation, and Union Carbide (K-25
and Y-12 Plants).

The HPRR was used to develop calibration factors for thermoluminescent (TLD) albedo neu-
tron dosimeters, suppcrt dosimeter development by a Brazilian Ph.D. student, study neutron scatter-
ing around shields, and provide training for nuclear engineering students.

METABOLISM AND DOSIMETRY

The Metabolism and Dosimetry group was transferred from the Health Studies Section to the
Technology Assessments Section in May 1982, The group's efforts will continue to be directed
toward the development of metabolic a \d dosimetric models for evaluation of human exposure to
ionizing radiation.

Work is continuing on development of dosimetric methodologies for age-specific conside:atious.
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During the past year Moate Carlo radiatiun transport calculations for internally deposited photon
emitters were completed for the newborn, 1-, 5-, 10-, and 15-year old and for an adult female. The
organ dose equivalent rates per unit activity in various source organs, so-called S-factors, have been
completed for a limited number of radionuclides, and information has been supplied to the Medical
Internal Radiation Dose (MIRD) Committee of the Society of Nuclear Medicine. A new computer
code for computation of age-dependent organ dose rates following acute intake has been completed.
The code contains age-dependent physiological models for the respiratory and gastrointestinal tracts
and the skeleton. The lat'er model addresses th= uptake and retention of bone seekers in the
developing skeleton. Age-dependent models for the retention of systemic burdens of radionuclides
remains a topic of considerable effort. In the past year these efforts have made increased use of
physiological information to supplement the limited information available concerning radionuclide
metabolism in childrea.

Effort toward updating the dosimetry for the Hiroshima and Nagasaki atoraic bomb survivors
has included the incorporation of the Cristy mathematical representation of the human body into an
adjoint Monte Carlo transport code. The adjoint mode will provide greater computational efficiency
for external radiation fields than the conventional forward Monte Carlo mode.

A detailed review of the ciemental composition of the human body has been conducted. The
International Commission on Radiological Protection has issued several errata to the Refcrence
Man tabulations of clemental comrosition of humans. The manner in which one incorporaces these
corrsctions can significantly alter the clemental man fraction of some elements in the composition,
particularly hydrogen. Thus, it was necessary to review the errata and the original Reference Man
Report prior to performing the organ dose calculations. A report documenting photon and neutron
kerma factors for the improved composition has been prepared. Absorbed dose per unit fluence fac-
tor for the skeletal tissues at risk, namely, red marrow and the endosteal tissues adjacent to the sur-
faces of mineral bone, has been developed using methodologies developed for beta emitters. Use of
these factors allows the Monte Carlo calculation to be carried out in a phantom which contains a
homegeneous skelcton but which reflects consideration of the detailed geometry of trabecular bone.
Documentation of these efforts is in preparation.
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3. BIOLOGICAL AND RADIATION

PHYSICS SECTION
H. A. Wright

J. L. Adcock’ J.-P. Goudonnet'®  D. R. Maughan®
V. E. Anderson® D. Halchin* D. V. Maxey
E. T. Arakawa . C. Hanna! L. K. Melton
J. C. Ashley R. N. Hamm S. Mitra’
J. K. Baird T. L. Hayden? J. Neufeld?
G. Basbas? B. A. Hingerty S. K. Niyogi’
R. S. Becker* A. W. Hsic’ E. N. Nussbaum'!
D. W. Beckman* H. H. Hubbell, Jr2 M. O. Pace!
R. D. Birkhoff S. R. Hunter® R. Y. Pai
D. W. Bouldin' T. Inagaki'® L. R Painter’
W. Brandt'! K. B. Jacobson’ W. G. Richardson
M. C. Buncick* D. R. James R. H. R tchie
P. J. C ddwell* S. Kennerly* 1. Sauers
T. A. ¢ allcott’ B. N. Khare'® K. Siomos
M. W. Carringer* G. A. Kourouklis®*  S. M. Spyrou*
J. G. Carter V. Lakdawala® S. S. Stockstill
C. Chang* E. H. Lee’ F. Suits*
L. G. Christophorou  J. W. Little* C. C. Sung"!
Y. T. Chu* D. L. McCorkle® J. F. Swan®
H. W. Eliis? K. C. Mamola A. Todo*
H. Faidas* J. R. Manson'! J. E. Turner
A. Fatheddin* C. Martin* M. W. Williams
T. L. Ferrell S. W. Masingo H. R. Witschi’
S. M. Ghematit R. A. Mathis

Activities within this section consist primarily of basic physics research studies directed toward
providing new scientific knowledge of the fundamental properties of matter in all phases (gas,
liquid, and solid) and of processes and mechanisms important in the interaction of pollutants with
the environment and with biological materials, Summaries of the research progress this year are
reported under the headings of the four groups within the section.

Although the primary mission of the section is basic research, many of our activities do have
potential applications. The following are a few examples: development of methods for tagging explo-
sives for easy detection; development of superior gaseous insulators for energy conservation in
clectrical power transmission; development of new technologies for low-level pollutant detection,
such as surface-enhanced Raman spectroscopy and resonance ionization/time-oi-flight mass spec-
troscopy; development of new instrumentation, such as a transmission soft x-ray spectrometer (IR-
100 Award winner); development of fast gases for improved radiation det:ctors; and calculations in
support of pion cancer radiotherapy.

——
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ATOMIC, MOLFZCULAR, AND HIGH VOLTAGE PHYSICS

New insight into the fragmentation of polyatomic molecules under low-energy electron impact
has been obtained from detailed studies of clectron attachment processes in perfluorinated alkanes
using clectron beam/mass spectrometric and elect:.n swarm techniques A wvery large negative
temperature effect has been discosered for nondissociative electrou attachment (t 1-C;3Fg). The
quasitrapping of clectrons in dense ammonia has beea studied as a function of gas density and tem-
perature. Maxima were discovesed in the electron drift velocity versus E/N (deasity-reduced elec-
tric ficld) functions for Ar/perfluoroaikane mixtures which are of interest to fast diffuse discharge
switches in pulsed power applications; the properties of the gaseous medium used in such applica-
tions have been identified and specific mixtures have been invented which show promise.

The encrgetics of the photofunization process for organic molecules, M, embedded in alkane
liquids bave been investigavsd. It was found that in the presence of an electron attaching additive,
A, the ionization threcshold o' M in the liquid is related to that in the gas phase by the soivation
energy, S(M*, A™) of the M*, A~ ion pair which is >1.5 eV. The photoionization onsets of
organic molecules in liquid alkanes have been studied also wsing our laser
photoionization /conductivity technique employing one- and two-photon ionization processes. The
order of ihe two-photon ionization process in solution has been shown by using photon energies
away from any real intermediate state and Gaussian laser beam profiles.

New gascous dielectric mixtures have been developed and their properties in relation to appli-
cations optimized. An explicit pressure dependence of the uniform field breakthrough strength of
gaseous 1-C;F¢ was found; pressure dependent electron aitachment measurements, quadrupole mass
spectrometric studies, and breakdown strength investigations as a function of gas density and tem-
perature have suggested that the increase in the dielectric strength with gas pressure is due to the
unusually large increase with pressure of the electron attaching capability of this gas. It was shown
also that transient anions rather than electron attachment to van der Waals dimers are responsible
for the pressure-dependent properties of this gas. In collaboration with the Laboratoire de Physique
des Déscharges, Gif-sur-Yvette, France, gas discharge modeling has been undertaksn and measure-
ment of isotopic dependences of dielectric strength of gases has begun.

Studies of new gas dielectrics under conditions encountered in practice (e.g., nonuniform fields,
impulse stress, particle contamination, etc.) continued. Two new methods to control the large effects
of metallic particle contamination on the dielectric strength of gases are being developed. One
involves the forming of an insulating coating on the particle by a discharge and the other the trap-
ping of the particle by an insulating wax layer. Additionally, the neutral chemistry of spark decom-
position of SF¢ aas been studied quantitatively. This includes the direct measurement of SF,, a
short-lived by-product of SFe discharges, and its subsequent reaction with water and insulators to
form HF, SOF,, SO,, and SiF,. Multicomponent gas mixtures, which effect a reduction in corrosive
and toxic by-products, are currently being studied. In cooperation with the Health Effscts and Epi-
demiology Group, the toxicity of gaseous by-products of sparked SF4 has been investigated.

PHYSICS OF SOLIDS AND MACROMOLECULES

This group is studying some of the fundamental properties of solids and macromolecules which
can be clucidated by experimeats involving the interaction of photons or electrons with the sample.
Knowledge gained in these basic research studies is then ur.d to develop prototype methods and
equipment for the solution of practical problems. Over the past few years the emphasis has been on
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systems of biological interest and on the detection of chemical pollutants and/or their effects.
Several metheds have been developed for the detection and quantization of trace quantities of pollu-
tants. Resonance jonization and time-of-flight mass specroscopy enables all atoms of a given cle-
ment to be duiected in the presence of isobars and without the necessity of chemical scparation.
During this reporting period this technique has been used successfully for the analy.is of solids. It
has potential for use as a monitor for any given clemental impurity present in gases, liquids, or
solids, including biological samples

When a monolayer of some organic molecules is 1dsorbed on small metal particles or on a
rough metal surface, there is a dramatic enhancement of the Raman effect. We have found this
effect to be maximized using Ag particles with dimensions of ~-100 nm. We are carrently investi-
gating the use of surface-enhanced Raman scattering as a monitoring technique for environmentally
importaat complex organic molecules. The origin of the snhancement of the Raman effect may be
associated with the coupling of molecular excitations to surfacc plasmon resonauces in the substrate,

Experiments have been performed to study the radiative decay of surface plasmons excited an
non-spherical Ag particles by bombarding the particles with 15 keV clectrons. The energy, polariza-
tion, and angular distribuiion of the cmitted radiation are in good agreement with theoretical
calculations. The decay of surface plasmons excited at ca Ag surface has also been studied
experimentally by mecans of a photoacoustical technique. In addition to yielding the relative proba-
bility of non-radiative and roughness-assisted radiative decay of the surface plasmors the pho-
toacoustic technique allows an accurate determination of the absorption co:fficient of materials
which cannot be measured by more conventional techniques.

A collaborative cffort with the Cornell Center for Space Research is in progress to measure the
optical properties of “tholins.” Tholins are complex organic compounds produced by electrical
discharges in reducing atmospheres of methane, nitrogen, and other gases which are believed to
approximate the early atmosphere of the carth and the present atmosphere of Titan. We have con-
tinued to use optical methods to study the interdiffusion of metal alloy systems, We have measured
the mean free path of low-energy clectrons in carbon thin films as a function of electron energy,
and the values obtained agree with those predicted by our “universal® expression, derived oreviously
from optical data, for the mean free path of low energy electrons in solid organic insulators.

A self-supporting transmission grating which we had developed previously for use in the soft
x-ray and extreme vacuum uliraviolet regions was incorporated into a monochromator, which won a
1981 Industrial Research-100 Award. We have used multiwavelength detectors in conjunction with
this monochromator to record a whole region of the XUV spectrum simultaneously. Design studies,
funded by National Science Foundation (NSF), are underway for a unique soft x-ray fluorescence
spectrometer for use at an electron-synchrotron radiation center.

SUBMICRON AND LIQUID PHYSICS

Experimental work on alocf scattering of clectrons was greatly improved by development of a
high-resolution energy-loss apparatus. Dispersion relations and transition rates for surface plasmon
generation were measured and shown to be consistent with our theoretical calculations. Both silver
and gold micro-channels (0.05 to 0.40 micron diameter) show characteristic energy loss structure.

Stopping power data for high energy electrons (11 keV to 127 keV) on copper and aluminum
were published and found to be in agreement with the Bethe-Bloch theory.
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Our collaboration with Professor Linda Painter at the University of Tennessee has coatinuved in
the area of optical properties of liquids. Improved reflectance data on several siloxanes were taken
to 3) eV. Data were pu...ished on the properties of formamide and hexamethyiphosphorictriamide.

The exact and asymptotic solutions for scattering of lights from a microcylinder-tripped half
plane were shown to agree in all scattering regions from 0° to 360°.

Optical absorbance of 0.04 micron oblate spheroids of silver on > quariz substratc was meas-
ured as a function of wavelength and angle of incidence. The results were predicted with our calcu-
'aticns using bulk-silver optical da*a. The theory was thercafter extended to finding the angular
flependence of surface-enhanced Raman scattering.

ANALYTIC DOSIMETRY AND SURFACE PHYSICS

This group is involved with a wide variety of basic problems in the arcas of dosimetry, micro-
dosimetry, and surfece physics. In the context of the ciectron gas model .or condensed matter sys-
tems, we examined Z] effect; on stopping powers, straggling in encrgy loss of a charged particle,
and quantal ccrrections to the Landau straggling distribution. A new theory of track structure and
bigh-energy sputtering from nonmetallic solids has been developed.

In our microdosimetry program, we have studied the effects of the state of condensation of
wzter un energy-loss phenomena. A program was begun to model the chemical evolution of a
charged particle track in liquid wzter to times of the ordes of 10™¢ s when diffusion is essentially
complete and comparison can be made with measured G-values. We have also initiated a program
to apply pulse characterizatior and computer unfolding techniques for the development of new
methods for neutron dosimetry. '

In the broad arca of surface physics, our efforts are directed at clucidat:ng the fundame:ial
physical echanisms involved in interi.ctions of both microscopic and macroscopic particulates with
condensed matter surfaces. To suppkment existing classica! theories, 4 quantum theory of the
image potoatiul was developed. Quantal recoil corrections to the thec.y of van der Waals foroes
between atoms have been worked out. Some specific problems studied include dynamical and
geometrical effects in the physical adsorption of atoms, particle trajectories under the influence ¢f
an image potential, and deposition of charged particulates from laminar flow in cylinders. An
extensive study of photon interactions with surface plasmons for several surface geometries was
completed; and we investigated the electron-plasmon interaction near a metal surface, electronic
surface states on aerosol particles, and the impact paiatieter dependence of plasmon excitation on
small metal spheres.

In collaboration with the Biology Division, the effects of metals at the mclecular, cellular, and
whole animal levels are being studied both theoreticaliy and experimentally. Data for CHO cell sur-
vival vs8 metal-ion concentration were obtained for 16 metals in addition to the toxicity data
obtainea previously for Drosophila and mice. High correlations were observed betwecn chemical
softness parameters and the toxic effects of metals in CHO cells, Drosophila, and mice. Further-
more, there are high correlations between the rankings of the toxicities of the 16 metals in these
three systems. These studies have shown the importance of cellular organisms and Drosophila as
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practical test systecas for m.rai-on exposure. We have surveyed an extensive number of physical
parameters b 1t have not fouxi any which have a significantly tetter correlation with toxicity ihan
the previously use- softness rameters.
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4. CHEMICAL PHYSICS SECTION
W. R. Garrett

S. L. Aliman W.R. Ferrell*  J. C. Miller

H. A. Barnett' G. W. Foltz2 M. H. Mittleman’
N. D. Brashier  W. F. Frey® M. G. Payne

C. H. Chen G. S. Hurst R. C. Phillipc

W. Christian>  J. Iturbe* P. W. Reinhardt
W. A. Chupka’ J. P. Judish J.A.D. Stockdale*
R. N. Compton C. E. Klots B. F. Thomas
C.D.Cooper® S.D.Kramer R. D. Willis?

P. W.Coulte’ B. Lechmann?  J. P. Young®

Activities in the Chemical Physics Section consist of a variety of basic physical and chemical
studies that are relevant to energy-related problems in atmospheric physics and chemistry, radiation
chemistry, pollutant detection technology, laser development, and analytica! applications of laser
techniques. Experimental techniques employed in these research efforts include molecular beams,
mass spectroscopy, multiphoton ionizalion and saturated resonance ionization .pectroscopic method-
ologies. Theoretical efforts are also carried out in conjunction with some of the studies. The follow-
ing highlights from the Molecula: Physics and Photophysics Gioups provide a hroad outline of the
work.

MOLECULAR PHYSICS

Multiphoton ionization (MPI) spectroscopy has been the principal activity of this group during
the past year. The first muitiphoton ionization photoclectron spectra recorded in our group provided
rauch new insight into the physical mechanisms of the ionization process. Measurements of angular
distributions of photoelectrons have provided information of even greater detail. These experiments
further indicate that multiphoton ionization photoclectron spectroscopy (MPI-PES), along with
mass analysis, promise to be useful tools in many analytical nplications.

Two years ago, we published an experimental and theoretical description of a new nonlinear
effect in multiphoton laser spectroscopy. The experimental observation of the disappearance of ioni-
zation signal at three photon resonance in the rare gases with increasing pressure was attributed to
interference between the incident laser wave and the thirc-harmonic wave generated in the gaseous
medium. Since that discovery, other groups have corroborated both the theoretical and experimental
results. In addition, the effect has been observed in other atomic and molecular systems at Los
Alamos Nztional Laboratory. In recent experiments we have carried out detailed studies of the
effects of focal lengths in focused :usams, of buffer gases in focused and unfocused beams, and of
counter propagating beams on the third-harmonic field influence on MPI. In addition, we have
employed two-color laser experiments to further characterize the phenomenon.

A new source of ultracold negative ions and negative cluster ions has been developed during the
past year. We have prepared ions of the type 0,7, O™, Og~, Og~ etc. with fluxes in the order of
10® ions/cm? s. This ion source should be useful in all types of experiments where vibrationally and
rotationally cold ions are desirable.
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During the past year interactions between the molecular physics program and simila; programs
in France and Hollani were strengthened through extended collaborations by C. E. Klots and
W. R. Garrett with the University of Paris, Paris, France, and the Institute of Molecular Physics
(FOM) in Amsterdam, The Netherlands, respectively.

PHOTOPHYSICS

The Photophysics Group has continued its style in which problems in the area of photon
interactions with matter are investigated at a fundamental level with theoretical and experimental
methods. These studies of matter at the atomic level are often aimed toward accumulation in practi-
cal analytical methods. Applications presently under development for our new analytical capability
to detect with isotopic selectivity at the one-atom level include solar neutrino research, double-beta
decay, oceanography, polar wce cap dating, and ground hydrology research for high-level nuclear
waste applications.

During the past year 2 more general theoretical treatment has been given of the four-wave
mixing process in gases, and some relevant data on the dispersion of ligat has been generated. This
information has been used to guide cxperiments on the generation of laser radiatios (via both fre-
quency tripling and four-wave mixing) for resonance ionization spectroscopy (RIS) of the noble
gases. Basic experiments on the resonance ionization of krypton atoms have been done in prepara-
tion for counting *Kr atoms with our Maxwell demon development. In other aspects of the
Maxwell demon, improvements were mude in a2 type of electron ionization source which would
retain less memory of previous noble gas samples. Further, an atom buncher has been developed to
increase the probability that an atom will be caught in a pulsed laser beam. Experiments have been
completed that demonstrate isotopic earichment with the simple guadrupole mass spectrometer in
the Maxwell demon. Finally, we have under development a new system of recovery implanted atoms
for recycled carichment. The method makes use of a low-melting point indium target and looks
promising according to the initial tests. While the present emphasis is on *'Kr counting for solar
ncatrino flux measurements, polar ice dating, and groundwater age determinations, tne work in ®Ar
dating of occan water is also progressing and will utilize all of the capability developed thus far.

Our facilities for chemical kizetics studies using RIS have been improved, and we maintain an
activs ,ole in the studies of gas phase rate constants and diffusion coefficients. Detailed studies of
the statistical behavior of small populations of atoms and molecules show that the fluctuation
phenomena involved in molecular concentration, atomic concentration, photodissociation, photoioni-
zation, and collision frequency are “random™—further, a system of diffusing atoms appears
“ergodic.”

6 Anslytical Chemistry Division.



5. OFFICE OF RISK ANALYSIS
H. Inhaber

The Office of Risk Analysis (ORA) was organized in November 1981. Its major objective is to
help in coordination of the diverse research on risk underway at ORNL. This research ranges from
detailed anslysis of the effects of pollutants in the Biology Division to calculations of soms risks of
reactor accidents in the Engineering Physics Division to contracts on the perception of risk in the
Engineering Physics Division. Until the formation of this office, there was little formal contact
between researchers from various disciplines, with the result that there often was little knowledge
passed between disciplines and divisions. One of the objectives of ORA is to improve this flow of
information, to produce better understanding of risk for funding agencics and decision makers.

For the foresceable future, the overwhelming majority of risk rescarch at ORNL will be done
in the divisions, not ORA. The major sources of expertise lic in the divisions.

ORA has at least four major functions. First is the coordination of research. This is accom-
plished by regular meetings of the Advisory Committee to ORA. This commmittee is made up of
representatives of about ten divisions, who report on the research carried on in their arcas and pass
on the information they have gathered to their divisions. This committee has met frequently, and
minutes of its deliber=tions are available.

A sccond function is responsibility for the proposed Risk Information Center. This center
would gather and arrange deta from a wide variety of sources. At present, much material has been
assembled in a Risk Data Base and discussions are going forward with funding agencies to deter-
mine the need for a Risk Information Center, and who would be its users. At present, the Risk
Data Base is being used on a small scale.

A third function is to develop initiatives in risk on behalf of the divisions. The objective here is
to identify these iaitiatives; the divisions still have the responsibility for formulating proposals. Dis-
cussions have been held with a variety of agencies. Most prominent was a lengthy trip to Depart-
ment of Defense ag_ncies in February 1982, Other proposals discussed have dealt with matters such
as the risk of hazardous waste sites, under EPA, and the risks of fusion energy, under the Office of
Fusion Research, DOE. Funding was secured from the Office of Health and Environmental
Research, DOE, to determine the effect of risk anaiysis on the selection of research prujects. This
work is being conducted primarily by the Information Division of ORNL.

The final function of the office is to conduct research on risk. This has comprised (1) develop-
ing a guidebook on risk for the Environmental Compliance Division, DOE, to aid in assessing
environmental impact statements; and (2) preparing brief summaries of the risk of coal liquefaction,
diesel engines and changing from large cars to small ones for the Office of Program Flanning and
Analysis, ORNL. The objective of this work is to determine the major areas of risk of energy-
related activities and using this knowledge to suggest where overall funding might be most effective.
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6. HEALTH AND ENVIRONMENTAL RISK
ANALYSIS PROGRAM

The Department of Energy’s Health and Environmental Risk Analysis Program (HERAP) was
established to provide a2 means to assess the risks associated with emerging energy technologies.
This type of risk analysis is based upon a guantitative cvaluation of the potential health and
environmental risks associated with a given technology. Staff in the Health and Safety Research
Division have been involved in an assessment of two developing energy technologies from the stand-
point of health risk assessmeat. The twe technological evaluations have focused on the liquid metal
fast breeder rzactor (LMFBR) and the process of direct coal liquefaction. The assessmeants of
health risk conducted by our staff are being documented as Health and Environmental Effects
Documents (HEEDs).

COAL LIQUEFACTION
P. ). Walsh

The Coal Liquefaction HE"D project was initiated in 1981. The first HEED report was pro-
duced in October, 1981. The second and current HEED report provides a systematic evaluation of
the potential health impacts associated with an installed 1 quad (1 quedrillion btu) direct coal
liquefaction industry. This industry is comprised of two 0.1-quad plants located at each of five gen-
eric sites distributed throughout the U.S.

The results of the study indicate that a large fraction of the impacts of the 1-quad industry are
associated with front-end fuel cycle activities including mining and transportation. These effects
would %e¢ typical of other uses of the same coal supply. Therefore, the report focused on toxic
material exposures and some associated health effect endpoints, especially cancer, that may be of
generic concern for coal liquefaction facilities.

The 1982 Coal Liquefaction HEED utilized a unique methodology to evaluate the potential
impacts associated with exposure to the many classes of chemicals found singly and in combination
in coal-derived synthetic fuels. A relative potency approach was used to characterize the potential
health impacts, This approach makes greater use of available data and modeling options than tradi-
tional animal-to-man extrapolation techniques. The relative potency approach provides estimates of
human dose response function, the extent of uncertainty in and the range of estimated effects, and
some evaluation of the predictive power of the biological test systems used to generate the toxico-
logical data. Use of this agproach also serves to identify gaps in available data as a means of priori-
tizing research needs.

LIQUID METAL FAST BREEDER REACTOR (LMFBR) FUEL CYCLE

H. R. Meyer

This project, initiated in the spring of 1982, is intended to provide for the U.S. Department of
Energy a balanced assessment of the risks associated with operation of a mature LMFBR industry.
To facilitate comparison of results with other ongoing HERAP Projects, a nation-widle LMFBR
industry with some 50 reactors producing a total of 1 quad (1 yuadrillion btu) of useable electrical
energy is used as the basis for the study.

Siting of reactors and other facilitics is based upon either a current, light-water-reactor situa-
tion, or on a hypothetical scenario displaced from current siting to reduce level of population expo-




sure while retaining access to the power distribution grid and sufficient cooling water. Analysis of
population risks and scasitivity of these risks to reactor siting variations is being performed during
the inivial phase of the project. Results of this effort will be distributed for technical review in
October 1982,

Methodologics recently developed at ORNL allow use of various types of site-specific data for
this analysis; such factors as local crop statistics and climatological conditions, as well as regional
metcorological data and local population data, arc being employed to establish the sensitivity of
dose estimates to parameter variations. Such analysis can be uscful in identifying and prioritizing
research needed to reduce such uncertainties.



RS e T

AR B 3ot < s T .

RERE L RV v

b %)

7. CONTRIBUTIONS TO NATIONAL AND LEAD
LABORATORY PROGRAMS AND ASSIGNMENTS

ORNL SYNT1! ETIC FUELS PROGRAM

R. B. Gammage and H. R. Meyer

Staff of the Health and Safety Research Division have participated in the ORNL Life Sciences
in Synthetic Fuels Program through on-site participation at the coal to synthetic oil pilot piant at
Catlettsburg, Kentucky, and the University of Minnesota coal to low-btu gas demonstration plant at
Duluth, Minnesota. These contributions invoive the application of instrumentation and health risk
assessment methodologics developed as part of research programs supported by the DOE Office of
Health and Environmental Research.

Ficld tests of pew monitoring devices have continved at the coal to synthetic oil pilot plant.
The polynuciear aromatic (PNA) passive badge has demonstrated considerable promise as either a
personal or arca monitoring device. Polynuclear aromstic hydrocarbon vaporss and acrosols contain-
ing pyrene, fluoranthene, and quinoline have been measured. The badge has also been used to
descriminate between high and low exposure areas and quantitate the levels of exposure to person-
pel working in thosc arcas. The derivative ultraviolet absorption spectrometer (DUVAS) was used
as a real-time monpitor for fugitive cmissions of velatile aromatic vapors such as benzene and
naphthalene. Thke DUVAS has also been adapted for use as a real-time monitor for phenolics in
waste water and is being field tested in the prototype cleanup systems at the pilot plaat. Synchro-
nous luminescence techniques have been shown to be very accurate and cost-effective methods for
screening and analyzing key organic components in air sample extracts and show favorable promise
as alternatives to the NIOSH non-compound specific benzene solubles method.

Significant contributions were also made by Health and Safety Research Division staff to two
DOE-sponsored workshops on prioritization of research related to synthetic iucls and atmospheric
transport modeling requirements for risk assessment. The analytical tools developed by Health and
Safety Research Division staff have played a critical role in measuring and assessing the potential
health impact of exposure to toxic materials released from these facilities.

HIGH VOLTAGE PROGRAM
M. O. Pace

The Health and Safety Research Division is one of four divisions participating in the Power
Systems Technology Program (PSTP) at ORNL. The program involves monitoring, subcontracting,
and performing “in-house” work in high voltage research and development for the DOE Electric
Energy Systems Division.

This division’s PSTP in-house research has been (1) to synthesize previously unavailable gases
needed for diclectrics research and to investigate economic and technical feasibility of mass
production processes, (2) to test dielectrics developed in the division’s gas dielectrics program in
actual industrial sites and then to analyze the test products at ORNL, (3) to test sparked gases for
toxicity, and (4) to develop means to avoid the reduction in dielectric strength of a gas-insulated
system by (unavoidable) contaminating particies.



The division has awarded and now manages two ORNL subcontracts for PSTP work, provides
technical monitoring for three contracts that had been awarded by DOE in Washington before the
PSTP inception, and aids DOE in planning future work in high voltage.

NUCLEAR REGULATORY COMMISSION
R. O. Chester

The ORNL NRC Program O:iganization corresponds to the NRC Organization. The ORNL
NRC Program Director, A. L. Lotts, has program managers for each of the divisions in the Office
of Nuclcar Regulatory Research (RES), as well as a program manager for each of the offices:
Reactor Regulation, Nuclear Material Safety and Safeguards, a.d Analysis and Evaluation of
Operational Data. The ORNL NRC Health, Siting, and Waste Management Program Manager is
R. O. Chester for the ORNL programs sponsored by the RES Division of Health, Siting, and
Waste Management (HSWM). ORNL has projects in each of the four program areas of NRC
HSWM: Waste Manzgement, Health Effects, Earth Sciences, and Siting and Environment. Indivi-
dual projects within this program are conducted principally in five ORNL Divisions: Environmental
Sciences, Energy, F.ealth and Safety Research, Engineering Technology, and Chemistry.

Within the Health and Safety Research Division there are seventeen NRC-sponsored projects
in both the research and technical assistance categories. Nine of these projects are technical assis-
tance and cight are research. The technical assistance projects utilize a cross-section of the diverse
technical staff of the division. The projects include: Radiation Monitoring Instrumentation for
Uranium Mills, Safesuards Analysis for Byproduct Materials and Small Quantities of Special
Nuclear Material, Statistical Analysis of Dose Estimates via Food Pathways, Modifications of
TACT Code, presenting Three Symposiums on Low Level Waste, Survey of Metabolic Data for
High Level Waste, Examining Source Term Assumptions for Operating Reactors, Producing a
Textbook on Health Physics, and Anaiysis of IAEA Transactions. The research projects, however,
are primarily in the areas of dosimetry modeling and radionuclide transport in the biosphere.

BREEDER REACTOR PROGRAM
Charles W. Miller

As part of the DOE Liquid Metal Fast Breeder Reactor safety effort, a project is underway
which has as its objectives the identification of models available for environmental radiological
assessmente; cvaluation of model structure, simplifying assumptions, and data base<: estimation of
uncertainties in model output; and, when possible, recommendation of models and parameters which
are best suitsd to particular assessment situations. When needs are identified, recommendations are
also made for further environmental and biomedical research.

Recent cfforts in this project have concentrated on estimating the uncertainty associated with
radiological assessment models previously reccmmended for use in breeder reactor assessments.
Uncertainty estimates have been made for models of atmospheric and hydrologic transport, terres-
trial and aquatic food-chain bioaccumulation, and internal and external dosimetry. These uncer-
tainty estimates indicate that, for many sites, generic models and representative parameter values
may be used to calculate doses from annual average radionuclide releases when these calculated
doses are on the order of one-tenth or less of a relevant dose limit. For short-term, accidental
releases, however, the uncertainty in the dose calculations may be much larger than an order of
magnitude.
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WASTE DISPOSAL PROGRAM
C. A. Little

C. A. Little assisted the national Low-Level Waste Management Program Office (LLWMPO)
by serving as scientific secretary of the Interagency Low-Level Waste Modeling Committee. The
prime accomplishment of the committec was to convenc a workshop to assess the state-of-the-art of
modeling for low-level waste (LLW) purposes. That meeting, held December 1-4, 1980, in Denver,
Colorado, culminated in report number ORO-821, “Modeling and Low-Level Waste Management:
An Interagency Workshop,” compiled by C. A. Little and L. E. Stratton. The report contains posi-
tion papers by representatives of the four sponsoring agencies (USDOE, USEPA, USGS, and
USNRC), 16 technical papers describing state-of-the-art modeling practice, and summaries of four
workshops. The report was published in June, 1981.

In addition, D. E. Ficlds and C. A. Little have reviewed scveral papers and reports of low-level
waste modeling interest at the request of the LLWMPQ.
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Appendix A. Budget and Support Distribution

Actual Actusl Actual
FY 1980 FY 1981 FY 1982
(SK) (SK) ($K)

Army 3 62 36
Consumer Product Safety Commission 72 120 219
Department of Encrgy

Basic Energy Scicaces 73 70 82

Breeder Reactors 276 234 238

Coal 25

Economic Regulatory Administration 80 60

Electric Enerpy Systems 684 769 749

Environmenta Rescarch-Development 4,236 5,187 5,539

Life Sciences 1,677 1,602 1,743

Remedial Action Program 387

Solar 74 35

Space Nuclear Systems 192
Ecvironmenta! Protection Agency 878 1,173 912
EG&G 3t 54
Federal Drug Administration 31 i} 39
Florida Phosphate Rescarch Institate 225
Massachusetts General Hospital 96
National Heurt, Lung, and Blood Institute 4% 67
Naval Surface Weapons Center 30
Nuclear Regulatory Commission 813 1,041 1,142
Office of Navsl Research 60 75 56
PEDCO Eavironmental, Inc. 37
United States Air Force 80 75 80
Other 7 42 78

In-House Total 9,687 10,647 11,447

Outside Subcontracts 1,090 1,832 1,714
Total Division 10,777 12,479 13,161

The division continues to operate in a sound financial position. Adequate funds are available to
support our staff, and we have a wide variety of sources of funding. The table compares the money
that was in the division financial plan for FY 1980, FY19§1, and FY1982.
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Appendix B. Personnel Summary

Technical Support Total
1981 1982 1981 1982 1981 1982

Permaneat employees 90 81 2 2 112 103
Temporary, >10 months 12 12 0 0 12 12
Division supported loanees 0 0 1
Loaned out 0 0 0 0
Part-time 6 6 1 0 6
Assigned guests 3s 3l 0 0 35 31
Co-ops 0 0 4 0 4 0

To run the divisicn efficiently and effectively requires many types of employees. The various
sources used to staff the division are shown in the table. We experienced a decrease of nine people
in our permanent staff.

During the year there was a total of 31 guests assigned to the division. The guests were from
universities, laboratories, and private companics. Some were assigned for a few months but most
were assigned for a period of 2 year or more. We view the use of assigned guests as a economical
way to bring different and diversified talents to the division.
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Appendix C. Organization Chart
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Appendix D. Honors and Awards

E. T. Arakawa
Fellow, American Physical Society

P. J. Caldwell and E. T. Arakawa
IR-10" Award for Extreme Ultraviolet Mnnochromator, 1981

G. S. Hurst

Member of Panel for Radiation Research (Evaluation fanel for the National Bureau of Stan-
dards), July 1982-June 1983

P. T. Perdue

with the ANS exhibit “Our Radioactive World™ at the World’s Fair, 1982.

T. Vo-Dinh
IR-100 Award for Passive PNA Vapor Monitor, 1981
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G. A. Holton and A. P. Watson

The seminar program for the Health and Safety Research Division was directed by AP. Wat-
son from April 1, 981 to May 5, 1982. On this date G. A. Holton was appointed Division Coordi-
nator. The Seminar Coordination Committee was chosen to provide representation for each of the

four scctions in the division. The cummittee was comprised of J. K. Baird, M. M. Goodman, C. A.
Little, and J. A. Stockdale.

Seven division seminars were hosted by the program. Industry, academic institutions, and
foreign research organizations were represented in the Health and Safety Research Division Sem-
inar Program. The following is a list of seminar speakers and their topics.

Cecil B. Pickett

Department of Biochemistry, Merck, Sharp & Dohme Research Labs, Rahway, New Jersey,
“Moiccular Basis of Inductior of Cytochrome Pyy and G'atathione Transferase B,” April 9,
1981.

Lawrence L. Kupper

Department of Biostatistics, University of North Carolina, Chapel Hill, North Carolina,
“Logistic Regression Analysis as a Tool in Human Health Effects Studies,” May 18, 1981.

Martin Oberhofer

Commission of Europcan Communities, Ispra, Varese, Italy, “Radiation Monitoring and Pro-
tection Experience at European Nuclear Facilities.” April 9, 1982.

Robert C. Weber

Air Engineering Division, Environmental Research and Technology, Pittshurgh, Pennsylvania,
“Uncertairty of Volatile Organic Compound Emission Estimation,” May 17, 1982.

William C. Lee

Office of Coal Gasification, Tennessee Valley Authority, Knoxville, Tennessee, “Environmental
Aspects of Entrained-Flow Coal Gasification,” June 21, 1982.

Herwig G. Paretzke

Institute for Radiation Research (GSF), Neuherberg, West Germany, “Charged-Particle Track
Structure,” June 23, 1982.

John Crawford

Swiss Institute for Nuclear Rescarch, Zurich, Switzerland, “Neutrino Detection and Pion
Radiotherapy Experiments at SIN,” August 6, 1982,
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Appendix F. Advisory Committee

Advisory Committee Members
A_R. Buhl, PhD. Engineering Scieace
Technology for Encrgy Corporeti~ 1
W. C. Lincberger, Ph.D. Chemistry
University of Colorado
S. Treves, M.D. Nuclear Medicine
Chaildren’s Hospital, Boston
G. H. Whipple, Ph.D. Health Physics/Public Health

Retired, University of Michigan
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JOURNALS AND BOOKS

1

Ambrese, K.R.; Lewrey, JS. "Effect of Cis- and
Trans- Dichlorodiammineplatinum(Il) on Humsa
Tumor Cell Proliferation in Diffusion Chambers in
Vivo,” Cancer Res. 42, 1769-73 (1982)

2

Arskawa, E.T; Caliwel, PJ.; Wiliams, M.W.
*Transmission Gratings for the “xtreme Ultraviolet,”
Opt. Eng. 20, 753-5 (1981)

3

Arakawa, E.T.; Williams, M.W.; Ashley, J.C.; Painter,
L.R. “The Optical Propertics of Kapton: Measurement
and Applications,” J. Appl. Phys. 52, 3579-82 (1981)

4
Ashley, J.C. "Density Effect in Liquid Water,” Radiat.
Res. 89, 32-7 (1982)

s

Ashley, J.C. "Energy Losses and Inelastic Mean Free
Paths of Low-Energy Electrons in Polyethylene,”
Radiat. Res. 90, 433-6 (1982)

6

Ashley, J.C. "Simple Model for Electron Inelastic
Mean Free Paths: Application to Condenced Organic
Materials,” J. Electr. Spectros. Relat. Phenom. (in
press)

7

A‘M, Joc' .swppins ’,’owef of Liquil‘ W-_w-- frne
Low-Energy Electrons,” Radiat. Res. 89, 25-31
(1982)

8

Ashley, J.C; Andersom, V.E. “Interaction of Low
Energy Electrons with Silicon Dioxide,” J. Electr.
Spectrosc. Relat. Phenom. 24, |27 -48 (1981)

9 .
Ashley, J.C; Ferrell, T.L.; Ritchie, R.H. “Probes for
Sub-Micron Structures,” Proc. 2nd Annual Work-
shop on the Physics and Chemistry of
Energy—-Related Atmospheric Pollution, Harper's
Ferry, W VA, April 21-23,1981 (in press)

10

Ashley, J.C.; Ritchic, RH. “The Energy Losses of
Channeled Ions - the Bohr Theory Revisited,” v.I, pp
166-71, Atomic Collisions in Solids, Proc. 7th Int.
Conf.. Moscow, Sept.21,1977, Moscow State Univ.
Publ. House, 1981

11

Ashley, J.C; Ritchie, R.H.; Echenique, P.M. "Spatial
Dispersion Effects in the Interaction between Metal
Surfaces,” Solid State Commun. 4v, 599-601 (1981)

12

Ashiey, J.C.; Tumg, C.J. "Electron Inelastic Mean Free
Paths in Several Solids for Energies from 200¢V to 10
keV,” Surf. Interface Anal. 4, 52-5 (1982)

13

Baes, C.F,, III "Prediction of Radionuclide Distribu-
tion Coefficient Values from  Soil-Plant
Concentration Ratios,” Trans. Am. Nucl. Soc. 41,
53-4(1982)

14

Baes, C.F., IIL; Sharp, R.D. "A Proposal for Estima-
tion of Soil Leaching and Leaching Constants for Use
in Assessment Models,” J. Environ. Qual. (in press)
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15

Baes, CF., II1; Sharp, R.D. “Predicting Radionuclide
Leaching from Root Zone Soil for Assessment
Applications,” Trans. Am. Nucl Soc. 38, 111 (1981)

E:

JE.; Escott, SP. “On Departures from the
-Volmer Law for Fluorescence Quenching in
ids,” J. Chem. Phys. 74, 69935 (1981)

g

T

Baird, J.K; McCaskill, J.S; March, N.H. “On the
Theory of the Stzm—Volmer Coefficient for Dense
Sluids,” J. Chem. Phys. 74, 68126 (1981)

18
Barton, T.P.; Easterly, C.E. "Fusion Reactor Neutron
Dosimetry,” Health Phys. 40, 219-22 (1981)

19

Basbas, G.J.; Ritchie, R.H. "Vicinage Effects in lon
Cluster Collisions with Condensed Matter and with
Single Atoms,” Phys. Rev. A 25, 1943-62 (1982)

20

Becker, R.S.; Anderson, V.E.; Birkhoff, R.D.; Ferrell,
T.L-; Ritchie, R.H. "Surface Plasmon Dispersion on a
Single-Sheeted Hyperboloid,” Can. J. Phys. 59,
521-9 (1981)

21

Becker, R.S.; Hubbeil, H.H., Jr.; Ferrell, T.L.; Birkh-
off, R.D. "Electron Energy Losses in Cylindrical
Microchannels: Scattering at a Distance,” Physical
Rev. B (submitted)

22

Beene, J.R.; Bemis, C.E,, Jr.; Kramer, S.D.; Young,
JP. ~Laser Optical Swdies of the Spontane-
ous-Fission Isomer 240m-Am,” Lasers in Nuclear
Physics, Harwood Academic Publishers (in press).

23

Beene, J.R.; Bemis, C.E, Jr; Young, J.P; Kramer,
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