

































































the body. His discussion of the relative magnitudes of
various radiation sources and their risks is excellent. He
treats with special attention the Mancuso study and
other studies that tend to impute a much-higher-than-
official estimate of the risks of low-level radiation.

Next comes a discussion of core meltdowns in which
Cohen discusses the Three Mile Island event at length
and examines the magnitude of the risks posed by major
reactor accidents. He concludes that meltdowns are
improbable events (none has happened yet) and that if
any were to occur, most would have no effect on the
public at all; but he concedes that the “average”
meltdown might cause “only” 400 fatalities and
$100 million in off-gite property damage. Because the
public clearly does not appear to agree with the
conclusion that the risk of a catastrophic meltdown is
very low, Cohen discusses why the public perceptions
are so distorted and again finds, not surprisingly, that
the news media are most at fault.

Cohen then cogently discusses the nature of risk,
how it may be quantified, and what consideration of
various ri can: eal. Using the readily lerstood
concept of loss of life expectancy as a way to compare
different risks results in some very graphic (in both
senses of the word) comparisons.

le single issue to which Cohen devotes the most

pace is nuclear waste, both high and low level,
and the risk it imposes. His treatment includes
pathways of radionuclides from disposal sites to the
biosphere and especially to people (I cherish the section
heading “Probability for an atom in the ground to enter
a human stomach”); waste transport questions; and,
most interesting of all, the “philosophical” issue of how
to weight the far-distant-future impacts of present
activities. In all of it he makes very good sense.
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The next major issue Cohen covers is the
coupling—by the news media and in the public’s
mind—between production of bomb-grade plutonium
and civilian breeder reactors. Not surprisingly, he finds
that the coupling is very weak, that reactor-fuel
plutonium makes poor explosives, that plutonium would
not make an attractive terrorist weapon, and that
therefore the risk of terrorist diversion of breeder-
produced plutonium to hold society hostage is very
small.

Last, Cohen turns to the problem of the economics of
nuclear energy and its competitors. Although admittedly
writing as a nonexpert in this area, Cohen makes a
convincing case that much of the recent cost increase is
not intrinsic to nuclear energy and its inherent risks.
Instead, he attributes rising costs to “regulatory
ratchetting”—that is, the ever-tighter regulation of
nuclear power plants to reduce hypothetical risks ever
lower, at rapidly escalating cost per (hypothetical) life
saved. Cohen calls this cost problem the “Achilles heel”
of nuclear power and admits that under present
circumstances the ordering of new plants by utilities is
practically excluded. Nevertheless, his comparison shows
that coal-generated electricity from new plants is
increasing in cost almost as fast as nuclear electricity.
And in his final set of arguments, he demolishes the
hope for really cheap and clean solar electricity as a
practical alternative.

As I stated at the outset, this book is flawed, at least
to my taste, by Cohen’s excessively strident attack on
his opponents; nevertheless, it very clearly presents, in a
manner suitable for intelligent lay persons, the
scientific factors bearing on the nuclear debate. For
those of us in the nuclear field, this book represents
“preaching to the choir,” but good preaching it is
nonetheless.
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and sodium. At the source of a
volcanic eruption, the melt is
commonly a mixture of liquid
silicate and suspended crystals.
There may be significant quantities
of gas such as water vapor, carbon
dioxide, or sulfur dioxide trapped as
bubbles in the melt that are
released from the magma to the
atmosphere during eruption.
Natural molten material of this
kind, called magma, consolidates on
the surface as lava flows or domes,
or it may be ejected explosively into
the atmosphere to fall as fragments
of crystals and glass. In the depths
of the earth beneath centers of
active volcanism, bodies of magma
exist that may solidify completely
without being erupted at the
surface. These masses of molten
material may have volumes ranging
from a fraction of a cubic kilometer
to hundreds of cubic kilometers.

The complexity of the physical
and chemical behavior exhibited by
these melts arises from the
presence of numerous chemical
components and their interactions
over a broad range of temperature,
pressure, and oxidation states.
Knowledge of natural silicate
liquids, or magmas, is based largely
on indirect evidence and is
primarily confined to their
compositional variety. The effort
involved in gathering this type of
information in field-based studies
vastly exceeds the work of makis
experimental measurements of the
physical or thermodynamic
- properties of magma. Magma, after
all, is not the easiest material to
study; it is hot and often explosive.
Our understanding of magmatic
processes must rely on
experimental geochemical studies
and draw from related fields of
materials science and glass
technology.

High-temperature and high-
pressure equilibrium and kinetic
studies of silicate melts, which are
chemical analogues of natural
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magmas, are being conducted by
Mike Naney, Sam Swanson (visiting
professor from the University of
Alaska), and me. We are working to
estimate quantitatively the
physicochemical conditions
responsible for magma genesis
(pressure, temperature, volatile
solubility, and oxidation-reduction
conditions) and to gain insight
about the mechanisms (i.e.,
crystal-liquid fractionation, trace
element distributions, and aqueous
fluid-melt interactions) that control
magma evolution in the earth’s
crust.

High-temperature experiments
are conducted at pressures ranging
from 0.1 MPa (1 bar) to 500 MPa
(5000 bars) using the unique
facilities of ORNL’s High
Temperature/High Pressure
Geosciences Group for studying
oxidation-reduction-dependent
reactions. These include a
hydrogen-service internally heated
pressure vessel (to 500 MPa) and
two 0.1 MPa gas-mixing furnaces.
This equipment allows simulation
of a wide spectrum of rock-forming
processes, from 1-atm volcanic
eruptions with surface
temperatures in excess of 1200°C to
conditions 20 km (12 miles) below
the surface where comparable
magmatic temperatures are
accompanied by pressures in excess
of 400 MPa (4000 bars). They also
provide ° mediate access to
simulated magmatic products, while
natural geologic processes require
thousands or even millions of years
to expose magmatic products on the
earth’s surface (see box on pages
30-31).

Oxidation-Reduction Studies in
Silicate Liquids. One possible
indication of potentially violent
volcanic eruptions is the oxidation
state of the parent magma. Because
the magma'’s oxidation state is not
directly measurable, a related
chemical phenomenon, such as Fe*2
to Fet3 ratios, must be found that

can accurately indicate the
oxidation state. This need has been
emphasized in recently published
reports by Richard Sack (Purdue
University) and Attila Kilinc
(University of Cincinnati), who
formulated empirical functions
describing the relationship among
oxygen partial pressures, Fe?* to
Fe3* ratio, temperature, and bulk
rock composition. However,
previous experimental
investigations of the Fe?* to Fe?*
ratios in silicate systems have been
fraught with problems both in
experimental design and in
interpretation of data.

Naney and Swanson designed
experiments to determine the rates
of iron oxidation-reduction
reactions for a broad range of
silicate liquid compositions at
geologically reasonable oxygen
partial pressures. Three rock
compositions were used: a basalt
(silica poor, <52% SiOy), an
andesite (silica intermediate,
52-60% Si0y), and a rhyolite (silica
rich, >65% Si0,). One-atmosphere
experiments conducted at 1243°C
and two oxygen partial pressures
(log PO, = —17.83 and —6.08)
indicate that the Fe?* to Fest
ratios in basalt and andesite melts
reach equilibrium in 500 and 1050
min, respectively. In contrast,
experiments with a rhyolite did not
equilibrate, or even change Fe?* to
Fe3* ratios °~ expe ~ nts lasting
up to 5700 min.

These data suggest that the
reaction gases (carbon dioxide and
carbon monoxide) used in the
experimental system are less
effective in controlling the
oxidation state in the rhyolite melt
because of the slow rates of
migration (diffusion) of these gases
as well as of other chemical
components compared with the
basaltic and andesitic melts. The
results indicate that the Fe?* to
Fe3* ratios in rhyolite and other
natural silica-rich rocks extruded

























MEDIAN DAILY
DIETARY INTAKE

(mg)

GROUP

778
526
548
371

WHITE MALES
WHITE FEMALES
BLACK MALES
BLACK FEMALES

CALCIUM LEVEL IN DRINKING
WATER (mg/L)

10 40 80

AVERAGE CONTRIBUTION OF
DRINKING WATER (%)

10 21
15 30
15 28
22 43

ASSUMES AVERAGE INTAKE OF TWO LITERS PER DAY. THE CALCIUM CONCENTRATIONS
GIVEN CORRESPOND ROUGHLY TO A TOTAL HARDNESS OF ~45 mg/L (CALCIUM =
10 mg/L); ~180 mg/L (CALCIUM = 40 mg/L); AND ~360 mg/L (CALCIUM = 80 mg/L).

country, other characteristics exist
that distinguish high-rate regions
from low-rate regions of the
country. Altitude is one geographic
factor that has been suggested as a
possible contributor. High-rate
areas in the United States tend to
be at low altitudes. On the other
hand, people who live in the Rocky
Mountains, which have the highest
altitude in the United States,
exhibit the lowest cardiovascular
death rates.

The question of a relationship
between the high intake of soft
water and the high rate of death
from cardiovascular disease has
always been clouded by the
fundamental uncertainty of
whether hard water contains
beneficial elements or whether soft
water contains toxic elements—or
conceivably both. Soft water is
more corrosive and therefore
generally picks up more metals,
such as lead and cadmium, in the
distribution system. In animals, the
effects of high intake of lead and
cadmium on the cardiovascular
system, particularly blood pressure
elevation, are firmly established.
For humans, however, intake of
these elements through drinking
water is, with few exceptions, only
a tiny fraction of their intake from
other sources, mainly food.

Beneficial elements in hard
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water are principally caleium and
magnesium, although drinking
water does contain some essential
trace elements, such as zinc and
copper. As previously mentioned,
recent evidence has lent some
support to the hypothesis that low
calcium intake is linked to elevated
blood pressure in humans. In
addition, animal studies have
shown that heavy metals, such as
lead and cadmium, have an
enhanced ability to elevate blood
pressure in calcium-deficient rats.
Magnesium deficiency also
apparently escalates the toxic
effects of lead and cadmium in
raising blood pressure. In view of
these studies, questions about the
contribution of hard drinking water
to calcium and magnesium
nutrition and the impact on the
cardiovascular system need to be
evaluated.

Drinking water in the United
States may come either from a
public supply or from a private
supply. Private supplies are
generally well water and are
usually not treated. Public supplies
are either groundwater or surface
water such as a river or lake.
Surface water supplies are almost
without exception treated with
some form of chlorine for

An intake of 2L/d of hard water could
make a meaningful contribution to total
calcium intake for population groups who
have inadequate dietary intake, such as
black or white females and black males.
For people whose water is soft or
moderately hard (like water in Oak
Ridge), two large glasses of milk each
day or calcium supplement tablets may
be needed to ensure that they get the
recommended level of 800 mg/d of
calcium.

disinfection. Groundwater may be
treated with chlorine. In drinking
water, chlorine combines with
organic material to form various
chlorinated organic compounds. The
principal such compound is
chloroform, although other
trihalomethanes are also formed.

The principal health-effects
concern about chlorinated drinking
water has been the possible
carcinogenicity of ingested
chlorinated organics. The fact that
chloroform has been found in some
animal studies to be carcinogenic
raises questions about the possible
cancer-causing effects of chlorine
and chlorinated organics at the
much lower dose levels ingested by
humans.

The consumer of drinking water
also ingests residual chlorine in
varying amounts, depending on the
nature of the treatment. Recently
work by Nathaniel Revis, formerly
of the ORNL Biology Division and
now director of the Oak Ridge
Research Institute, and by the
Environmental Protection Agency
(EPA) has indicated that chlorine
ingestion itself may also be a
problem. It may affect thyroid
function and raise blood pressure
and cholesterol levels in rats. This
finding has stimulated further
interest in studying chlorine
ingestion in humans.

In 1985 our group will begin an
EPA-sponsored project in several
states to examine more closely the
relationship between levels of blood
pressure and blood lipids in humans
and the total intake of chlorine and
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Chlorinated cooling water from Watts
Bar Lake examined by Jolley and his
associates was found to have chlorine-
containing organics and constituents that
absorb ultraviolet light. At ORNL more
than 50 chloroorganics were separated
from the chlorinated water using high-
resolution ion exchange chromatography.
Several of the constituents were
identified as chlorophenols,
chloropurines, and chloropyrimidines.

chemicals in drinking water, EPA
supported studies at ORNL and
elsewhere to determine the
environmental effects of
chlorinating cooling waters and
methods of reducing these effects.
In 1977 Jack Mattice, then of ESD,
and Bud Zittel of the Energy
Division coauthored a paper stating
that toxicity to water organisms
depends on the concentration of
chlorine over time. In this work,
they proposed a model designed to
help power plant operators achieve
safe levels of total chlorine
residuals. It takes into account
site-specific dilution factors and
allows higher limits for chlorine
discharges (and hence higher
chlorination levels) in cases where
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international conferences on water
chlorination—held in 1977 in
Gatlinburg; in 1979 in Colorado
Springs, Colorado; in 1981 at the
Asilomar Conference Center in
Pacific Grove, California; and in
June 1984 at the College of William
and Mary in Williamsburg,
Virginia. (The number of
participants in these conferences
grew from 170 in 1975 to 320 in
1979 and 225 in 1984.) In addition,
Jolley edited and published
proceedings for all five conferences,
with assistance for the past two
from Vivian Jacobs of the ORNL
Information Division.

From his work with conferees
and the proceedings, Jolley is much
aware of the concern over
chlorinated organics in drinking
water. In the late 1970s he sampled
some drinking water in Oak Ridge
and found that it contained about
100 parts per billion (ppb) of
chloroform and other
trihalomethanes. “The level of
chlorinated organics in Oak Ridge’s
drinking water then was about the
same as the average for the
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James O. Stiegler has been
appointed director of the ORNL
Metals and Ceramics Division.
James R. Weir, Jr., has been
named associate director of the
division.

Christine Travaglini has been
named director of the ORNL
Finance and Materials Division.
She is the first woman to be
appointed division director at
ORNL.

Martin S. Lubell has been
appointed to the International
Organizing Committee for the
Magnet Technology Conferences.
This committee has 16 members,
who represent the major technology
nations, including East Bloc
countries and the Peoples Republic
of China. Lubell is one of two
members from the United States.

Jagdish Narayan has been named
a Fellow of the American
Association for the Advancement of
Science.

Stan A. David and Chain T. Liu
have been named Fellows of the
American Society for Metals. David
was recognized for “contributions to
understanding of solidification
behavior and microstructural
characteristics of welds, peritectics,
and composites.” Liu was cited for
“contributions to understanding
materials behavior in the solid
state, particularly with precious
metals, and recognition of the
importance of electron-to-atom
ratio in production of ductile long-
range ordered alloys.”

Brian C. Sales and Lynn A.
Boatner received an award in the
Department of Energy’s 1984
Materials Science Research
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Competition for developing lead-
iron phosphate glass to store high-
level nuclear wastes. For their work
in developing ductile nickel
aluminides for high-temperature
structural use, Chain T. Liu,
Joseph A. Horton, and Calvin L.
White also received an award in
this competition. Both
developments were cited for their
“significant implication for energy
technology.”

Robert J. Gray has been named
the 1984 recipient of the Albert
Sauveur Achievement Award from
the American Society for Metals.
He was honored for his “pioneering
metallurgical achievements.”

David L. Greene and Patricia S.
Hu have received the Pyke Johnson
Award of the National Research
Council’s Transportation Research
Board for their paper “Vehicle
Usage in Multi-Vehicle Households
and the Price of Gasoline.” This
award is given each year for the
best paper in the area of planning
and administration of
transportation fa ""'ies.

David E. Bartine has been
appointed manager of ORNL’s new
Strategic Defense Initiatives (“Star
Wars”) Program.

James W. Terry has been
appointed manager of institutional
planning for ORNL. William H.
Butler has been named manager for
computer planning at ORNL. Both
are members of the ORNL Program
Planning and Analysis Office.

Eric Hirst has been appointed a
member of the Committee on
Behavioral and Social Aspects of
Energy Consumption, a committee

of the National Research Council’s
Commission on Behavioral and
Social Sciences and Education.

John G. Merkle has received the
George R. Irwin Medal for 1984
from the American Society for
Testing and Materials. The award
is given annually to an individual
who has made original
contributions in the field of
fracture mechanics whose
applications lead to improved safety
of structures.

Curtis C. Travis, editor-in-chief of
the journal Risk Analysis, has been
appointed coordinator for the
ORNL Office of Risk Analysis.

Lee Berry has been appointed
associate division director for
Development and Technology in the
ORNL Fusion Energy Division. He
is also manager of the ORNL
Fusion Energy Development and
Technology Program.

Michael J. Saltmarsh has been
named head of a newly created
Confinement Projects Section in the
ORNL Fusion Energy Division.

William R. Laing has been
awarded a certificate of
appreciation by the American
Society for Testing and Materials
for editorial excellence in the
preparation of standards.

James B. Roberto has been
appointed technical assistant to
Alex Zucker, Associate Director for
Physical Sciences at ORNL.

Peter Lalley has left ORNL to
become director of the Institute for
Medical Research in Bennington,
Vermont.
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