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A Special
Relationship

*NOAA is fortunate in many ways, and one of the happiest is its
closeness to the publ^ic it serves. Our agency is as close to the people as
any Federal organization could be.

Our mission can be stated with a certain grandeur: we provide
environmental management, research, and service from the sun to the
*seafloor and below. But perhaps a better perception of ourselves might be
that we are at work in the American home, every day and every night,
from the kitchen to the umbrella closet. Fish regulation and technology
find an outlet in consumer education for the housewife *( or housemate?).
Our weather forecasts play a major role in many decisions, even when no
natural disaster is imminent.

Along our coastlines, from Maine to the Gulf to the Northwest,
and along the Great Lakes, in wetlands, beaches, fishing villages, ship
harbors and sanctuaries^, we are working to keep and properly use vital
resources for our people. And past the coast, where ocean engineering and
marine research come into their own, you will find *NOAA at work.

There is no question of *NOAA's relevance not only to the safety
but to the quality of l^ife in our country today. But what about
tomorrow?

We are probing one mystery after another, asking questions
whose answers hold fateful meaning for those who follow us. What's
happening to the ozone, and what will it mean to humanity? What's
happening to our environment as a result of carbon dioxide emission, and
how much more can we take, and for how long? Will we be able to bend
the weather, even slightly, to our will, and if so what are the implications?
Will we be able to manage the world's fisheries in such a way that we can
lessen the world's hunger, even a little? What will our planet be like a
century or so from today, given certain kinds of climatic change?

This is the scene as we app^r^oach our seventh birthday, just
around the corner in October. We have seven fast-paced, evolving years to
look back on, an organization whose role is steadily growing, and a future
bounded only by the limits of human imagination, drive and ability to.

The way to celebrate a birthday is with friends, and we do it
with thousands of them every year. At facilities across the Nation, and on
ships and planes, we open our working homes to the people we serve. We
share our tools and techniques, our trials and our triumphs, and it is a
warm and pleasant time.

And so it should be. For *NOAA and the people of America have
a special relationship.

*^NOAA Magazine July 1977



Needed: A Global L îst

By DONALD *H. HUNT

*EVERAL scientific studies led in 1974
a now^-widely-accepted conclusion

that the earth's vital stratosphe^r^ic ozone
shield is being destroyed by man through
such other^wise acceptable activities as super-
sonic aviation, the use of nitro^gen fertilizers,
and especially the widespread use of *chloro-
*fluoromethanes *(CFMs) in such applications
as aero^sol sprays and refrigerants.

Until that time, there was no general public
awareness of the existence of an ozone layer
which protects all living specie^s by shielding
out dangerous ultraviolet rays, much less that
it was being threatened. To most people
ozone meant a di^sagreeable component of
urban air pollution—if it meant anything at
all.

But the world quickly learned about this
newest threat to our fra^gile environment, and
during the ̂ f^irst seven days in ^March of this
year th^e largest international conference on
this subject was held in Washington. *D.C.. to
discuss the problem and proposed solutions.

*NOAA and the Department of State co-
hosted the meeting^, which had been called by
the Nairobi-based United Nations Environ-
ment Programme *(UNEP). The session was
convened by Dr. Most afa *Tolba. an Egyptian
serving as Executive Director of *UNEP. in
response to a decision adopted by the Fourth
*UNEP Governing Council in May 1976. The
chairman of the meeting was Dr. David
*Munro of Canada.

Representation was large and diverse. Del-
egates were present from 10 international,
including non-governmental, organizations
and 32 nations on six continents. These
ranged from the industrial superpowers of the
U.S. and *U.S.S.R. to developing countries

^Mr. Hu^nt is a *^xenior phy^si^c^al ̂ s^cienti^st in
*^NOA^A'^s O^f^f^ic^e ^of En^vir^on^mental Monitorin^g^
u^n^d ^Pre^dicti^on.

such as Togo. Libya^, and the Central African
Empire.

^"We see our activities o^n ̂ the oz^one layer."
said Dr. *Tolba in his opening address, "as un
element in the assessment of outer limits,
those *. *. *. critical parameters whose mainte-
nance is vital to the *sustainability of the
biosphere. The *UNEP term, "outer limits."
Dr. *Tolba explained, is a shorthand expres-
sion for the concept that the biosphere, of
which man is a ̂ part, can safely adapt to only
a limited extent to the demands placed on it
by man^'s activities. When these limits are
transgressed, human welfare, even life itself,
is threatened.

Dr. *Tolba recalled that life on this planet
became possible millions of years ago. when
the atmosphere developed its thin, invisible
but vital ozone shield, which reduces those
wavebands of ult^r^aviolet light from the sun
harmful to the further development and suste-
nance of life.

Possible implications of reduction of the
ozone layer. Dr. *Tolba stated, beside in-
creased incidence of skin cancer and effects
on the world's climate, also include alteration
of the rates of crop production, and reduction
in the efficiency of natural water purification.

Dr. *Tolba^'s urgent challenge to the meet-
ing, therefore, was to review all aspects of
the ozone problem; to identify future plans of
action; agree on a division of labor among the
international agencies, governments and non-
governmental agencies, and on a coordinating
mechanism.

*UNEP's role, as catalyst and coordinator
for dealing with environmental problems on a
comprehensive, international basis, and pro-
viding leadership in developing the necessary
responses, was recognized by *NOAA Admin-
istrator Dr. Robert *M. White in his welcom^-^
ing address to the meeting, as being not only
appropriate and signi^f^icant, but perhaps criti-
cal.

He referred to the ozone layer as the
^"Achilles heel for man's impact on the at-
mosphere^," because the threats are so com-
plex and insidious. "No one nation can solve
the environmental problems arising from
man's cap^ability to disturb the earth's upper
atmosphe^re," White stated, "nor does any
nation enjoy immunity from the possible con-
sequences."

Even worse, the threat to the ozone layer
has a wide time separation between cause
(the release of oxides of nitrogen and *CFMs
into the atmosphere) and effect (the reduction
of the ozone shield). "It is being suggested
that we curtail certain important, economic,
industrial and possibly agricultural activities
now because later we will incur some very
major penalties," Dr. White said, pointing out
that knowledge of the basic physical proc-
esses expressed through mathematical models
and computers is used to predict the effects.
"These models and the conclusions depend
rather criticall^y on some very di^f^f^icult meas-
urements," he stated. "Some of which we
have just begun to learn to make, and all of
which are subject to uncertainty."

"This meeting," he continued "is an at-
tempt to further our scientific understanding
through international exchange of ideas and,
we hope, to reach some views on what
should be done by nations and by interna-
tional agencies."

Most delegations had no di^f^f^iculty in ac-
cepting Dr. White's characterization of this
goal for the *UNEP ozone meeting. The scien-
tific characterization of the problem, although
relatively recent, had been widely published.
The World Meteorological Organization, one
of the *U.N. specialized agencies in attend-
ance, had convened panels of experts in
^September 197^5 and ^January 1976 to explore
the ozone problem, and its findings and rec-
ommendations were presented to the meet-
ing. The United States National Academy of



Sciences had just completed an in-depth re-
view of the scientific evidence against the
family of *halocarbons, published in 1976 un-
der the title of *Halo^car^bons: En^v^ironmental
Eff^ects of *Chlorofluoromethane Rel^e^a^se.
And the United States Department of Trans-
portation had completed a monumental study
in December of 1974 of its four-year Climatic
Impact Assessment Program, undertaken at
the direction of Congress to ascertain the
environmental impact on ozone and the cli-
mate of commercial supersonic aircraft opera-
tions, injecting oxides of nitrogen directly into
the lower stratosphere.

Each governmental delegation reviewed re-
cent scientific work in its country in order to
present a summary paper at this meeting. The
maj^or *halocarbon manufacturing nations had
already been notified that the United States
would be convening a separate meeting in late
April to explore the question of regulatory
activities, particularly the United States ac-
tions preliminary to promulgation of regula-
tion, and to consider appropriate actions by
all nations to establish the bases for world-
wide regulation of *chlorofluöromethanes.

*Socioeconomic impacts of regulations were
included on the *UNEP agenda for discussion.

However, the call for the meeting made clear
that both scienti^f^ic consensus and a national
resolve in each nation would be needed for an
in-depth evaluation of these problems and
that a full consideration of these impacts was
not expected at this time. ^Measured against
the limited objectives established, the *UNEP
ozone meeting can be judged successful.

In addition to the wide representation, sci-
entific research and monitoring activities
were reviewed in detailed national summary
reports from more than a dozen nations.
Evaluation reports were presented by each of
the specialized United Nations organizations.
From these presentations, the meeting suc-
ceeded in de^f^ining high priority areas where
more research and monitoring is needed. For
each major research area, one of the *U.N.
specialized agencies was charged with re-
sponsibility for leadership and coordination.
Finally, a Coordinating Committee on Strato-
spheric Ozone was recommended to be estab-
lished as part of the *UNEP organization, to
provide at least annually a review of progress
and recommendations to *UNEP Governing
Council for further actions required. These
actions were incorporated in a world plan of
action for presentation to the Fifth *UNEP

Governing Council meet ing in Nairobi .
Kenya in May 1977. for adoption and imple-
mentation by all concerned nations.

In view of the general agreement on the
global nature of the problem, some concern
was expressed over the lack of a consensus
on the degree of urgency to be attached to the
various national and international actions rec-
ommended. Perhaps the cautions voiced by a
number of the delegates may be ascribed to
one or more of three noticeable factors.

One was the deliberate reluctance on the
part of the predominantly scientific delega-
tions from the major industrialized countries
to go beyond their available data and scien-
tific expertise. There appeared to be a general
willingness to defer political considerations,
to be taken into account by the national
delegations to the up-coming ^May meeting of
the *UNEP Governing Council.

A second was the restraint shown by con-
sulate delegations in speaking on complex
scientific issues. Third, a lack of prior docu-
mentation distribution to the countries and
agencies inhibited the readiness of various
delegates to make firm commitments.

The decisions of the Fifth *UNEP Govern-
ing Council held in May 1977 provide some

*NO^AA Assoc^iate Adm^in^istra-
tor Dr. Ed^ward E^pst^ein, head
of U.S. dele^gation, present^s^
U.S. ̂ pape^r to conference
(a^bove, I. to г.): Dr. ^Alan
Gro^bec^ker, ^National Science
^Foun^dation; Dr. Herbert
Wi^ser, Environmental Prote^c-
tion A^genc^y; Dr. Ep^stein;
Pa^ul *Glasoe, Department of
State. At left. Dr. Epstein and
Conference Chairman Dr.
David *^Mu^nro o^f Can^ada ̂ pre-
^sent ̂ conferen^ce res^ults at
c^losin^g new^s ^conference.
*^NOAA Administrator Dr.
Robert *^M. White ̂ welcomed
conferees on beh^a^lf ^of U.S.



evidence concerning the ur^gency asc^r^ib^ed
worldwide to the ozone pr^ob^lem, but it is safe
to say that the United States has taken a
leading position in regulatory actions to date.

Since the United States produces only
about half of the major *CFMs involved, ac-
tion by all the producer nations will be neces-
sary in order to protect the ozone shield, and
continued attention by *UNEP will be neces-
sary to provide the catalytic role which may
be critical in bringing about a fully effective
response from the producer nations world-
wide.

Ultimately of course the World Plan of
Action adopted by the *UNEP Ozone Meeting
de^pends on national research monitoring and
re^gulatory efforts. This is true ^both for the
e^f^forts of the UN specialized agencies desig-
nated as lead action agencies, and for the
*UNEP as a whole. With hundreds of organi-
zations involved, the value of the coordinat^-^
ing efforts of the specialized agencies and of
the recommended *UNEP Coordinating Com-
mittee on Stratospheric Ozone should not be
underestimated.

Unfortunately, the World Plan of Action
states that all of the recommended actions are
considered to be of highest priority. Due to
the sifting proces^s by which these recommen-
dations were developed, in the larger sense,
this statement is true. But in terms of guid-
ance for national action plans, a list consisting
of all ^"highest priority" recommendations
leaves to the mission interests of national
agencies and research interests of individual
scientists the order of selection of program
areas for action.

As Dr. White pointed out in his welcoming
address, the limited resources available for
this global problem make it essential that
these resources are applied first to the most
important problems and that nations coordi-
nate activities well. It will be the responsibil-
ity of the lead UN agencies to address the
problem of limited resources and selection of
priorities more concretely in undertaking the
monitoring and research tasks speci^f^ied in the
plan.

Additional scienti^f^ic evidence is required in
three major areas, to each of which a section
of the World Plan is devoted. As this evi-
dence accumulates, it must be assessed by
each nation, and. if appropriate, national ac-
tions taken in support of the objective of
protecting of the Earth's ozone shield. Once
regulatory actions have been tak^en, will the
need for further monitoring and research un-
der the World Plan of Action go away? The
answer is no. at least for a relatively long
time. Some of th^e impacts on the ozone layer
are thought to be influenced by variations in
the solar radiation. Monitoring will be re-
quired for at least one solar cycle of eleven
years and more likely for two solar cycles.
The year in which each country takes regula-
tory action will vary, and the impact of the
res^ultant change wil l have to be assessed
many times. Finally, the current position with
respect to refrigerant uses, that is. that re-
leases can be kept under control in closed
systems, wil l have to ^be evaluated over a
decade or more, or until an acceptable substi-
tute system is found.

Under the ̂ f^irst major section of ̂ the World

Plan of Action. "The Natural Ozone Layer
and its Modification by Man's Activities."
attention is focused first on the need for
development and implementation of improved
systems for monitoring global ozone with
sufficient accuracy to detect small but statisti-
cally signi^f^icant long-term trends, the devel-
opment of improved systems for measuring
the intensity and spectral distribution of solar
radiation, and for simultaneous measure-
ments of selected species in the odd-nitrogen,
odd-hydrogen and odd-chlorine families to
provide the necessary data bas^es for better
understanding of the photochemical proc-
esses involved.

The need for development of improved
models to assess the interrelationships of
chemical^, radiative, *hydrodynamic and *ther-
*modynamic processes controlling the t^r^opo-
sph^ere and stratosphere, as well as improved
accuracies in chemical and photochemical re-
action rates and quantum yields for use in
these models^, is also recommended under
Section 1. All of these Section I recommenda-
tions call for the *WMO to assume the leader-
ship and coordinating role.

Section II deals with ^"The Impact of
Changes in the Ozone Layer on Man, the
Biosphere, and Climate." Among the recom-
mendations, to be coordinated by *WMO and
WHO jointly with the Food and Agriculture
Organization, were included the following:

• Monitoring of *UV-B (ultraviolet) radiation
at the Earth^'s surface for at least one com-
^plete solar cycle *( 11 years).
• Improved *UV-B instrumentation.
• Sta^t^istics on Skin Cancer and Morbidity.
• Research on Induction and Repair Mecha-
nisms, including *synergistic and ant^agonistic
fa^ctors.

Study of the effect of changes in *UV-B
radiation on various native and agricultural
plants, animal species and microorganisms,
on ter^restrial and aquatic ecosystems and
impacts on crop yields were designated as the
lead respo^nsibility for *FAO.

*WMO is charged with the leading role for
developing improved climatic models and the
data base for testing both global and regional
climate models capable of assessing climate
effects of stratospheric ozone changes.

Under the third and final section of the
World Plan, *"Socioeconomic Aspects" UN
specialized agencies (OECD, ICC, *ICAO and
*UNEP) are charged with the responsibility to
develop more accurate data bases of produc-
tion, emission and uses of substances that
have the potential to affect stratospheric
ozone.

Finally, upon the insistence of the Danish
and Swedish delegates, this section charges
several agencies, namely *UNESA, OECD,
*ICAO, *FAO, and WHO^, with developing
improved methodologies, including *multidis-
*ciplinary systems analysis, for assessing the
costs and benefits associated with various use
levels of *CFM's high-^f^lying aircraft, nitrogen
fertilizers and other potential modifiers of the
stratosphere, whether controlled or not. This
*rec^pmmendation may be one of the most
important in the entire World Plan of Action.
For, as the UN Department of Economic and

Social Affairs representative pointed out, neg-
ative or restrictive regulations may overlook
important but relatively minor uses of *CFMs,
such as sterilization of hospital equipment,
materials and surgical instruments; *propel-
*lants for essential pharmaceutical applica-
tions; industrial cleaning of electronic equip^-^
ment; and special situations for fire
extinguishers where *low-toxicity products
leaving no residue are required^, such as air-
craft engines and computer mainframe units.
Such essential uses may involve from two to
^f^ive percent of total use of *CFMs. In addi-
tion^, the provision of refrigeration, essential
for control of diseases resulting from food
decay, must be evaluated in the broadest
economic and social terms. T^he development
of closed systems to prevent the careless
release of *CFMs to the atmosphere was sug-
gested by the National Academy of Sciences
study in connection with refrigeration uses,
especially in connection with careless servic-
ing of air conditioners which allows Freon to
escape to the atmosphere.

Despite a lack of political unanimity, there
is a sense of scientific urgency over ozone.

It is one of the trace constituents of the
atmosphere. The total ozone layer, which
absorbs most of the deadly ultraviolet radia^-^
tion from the sun and thus makes life on earth
possible, would, if reduced to standard sea
level pressure and temperature, amount to a
layer only about 0.3 centimeters thick.

Ozone is continually formed and destroyed
naturally in the stratosphere. It is created
when "odd" atomic oxygen *(O), *photodisso-
*ciated f^r^om molecular oxygen *(O^,) then com^-^
bines with other ^molecular oxygen to form
ozone *(O^J. Atomic oxygen also destroys
ozone. The rate of formation of ozone, which
takes place predominantly in the upper strato-
sphere, is 5.0 *x IO31 molecules sec^- '̂ (inte-
grated over the globe). Balancing this forma-
tion rate is the operation of the natural ozone
destroyers. The odd oxygen system is respon-
sible for destruction of about 20 percent of
the ozone. The nitrogen *(NO^J system de-
stroys over 60 percent. The hydrogen *(HO^O^
system wipes out about 10 percent. And the
naturally occurring chlorine (СЮ^) systems
destroy a minute portion. In addition, a small
portion of the ozone is transported into the
t^r^oposphere, where it is destroyed on contact
with the earth. Thus the impact of injection of
additional amounts of *NO^X, С10 *^x or НО *^ч into
the stratosphere, increasing the rate of de-
struction, would be to tip the natural balance,
causing a reduction of ozone, since there is
no known mechanism to increase the rate of
ozone formation in the upper atmosphere.

Observations during the ear^ly 1970s had
shown increasing amounts in the troposphere
of the most abundant *CFMs, designated by
their classification under the Dupont trade
name of Fréons as *F-ll and *F-12. The very
chemical inertness of these compounds,
which made them valuable as propella^ti^!^
gases in aerosol containers, as refrigerants
and as foaming agents, now became a matter
of concern. Was there any way in which
these inert pollutant gases would be removed
from the atmosphere?

The hypothesis that the only sink (removal
processes) was photodissociation, and that



this photodissociation could occur only after
the gases had been carried into the upper
stratosphere above 20-25 km., was reached
by three separate groups in 1974, Molina and
Ro^wland at the University of California at
Irvine, *Stolarski and Cicerone at the Univer-
^sity of ̂ Michigan, and *Wofsy and *McElroy at
Harvard University.

Several disturbing features were hypothe-
sized. The photodissociation of *F-ll and *F-
12 would release chlorine atoms. Chlorine
atoms would react with o^zone in a fashion
similar to the major nitrogen system, to de-
stroy ozone. The chlorine reaction rate coeffi-
cient, however, would be about ̂ f^ive times
greater than the nitrogen reaction rate coeffi-
cient. In addition, the chlorine atoms were
not immediately removed by the process, but
freed to enter into the ozone-destroying reac-
tions again and again.

How much *chlorofluoromethane had al-
ready been released to the atmosphere? The
*DuPont Company attempted to assemble ac-
curate worldwide data in 1974. The Environ-
mental Protection Agency commissioned Ar-
thur *D. Little Company to perform an
inde^pendent study in 1975. The State Depa^r^t-
ment had undertaken an international esti-
mate in 1975. Finally the international Manu-
fac tu r ing Chemi^s ts Association in 1976
unde^r^took to compile data through an inde-
pendent accounting ̂ f^irm, Alexander Grant
and Co., to overcome the reluctance of manu-
facturers to release production data directly
to their competitor^s. The answers began to
establish the scale of the total problem. From
the date when *F-l 1 and *F-12 was ̂ f^irst intro-
duced in the *I930's through 1975, total world
production amounted to over 3.4 mil l ion met-
ric tons of *F-ll, and over 5 million metric
tons of *F-12. The Manufacturing Chemists
Association study concluded that over 85
percent of *F-l 1 and over 86 percent of *F^-12.
had been allowed to discharge into the atmos-
phere. The accumulated total, if all this mate-
rial were s t i l l present in the troposphere,
^would correspond to an average concentra-
tion of 129 parts per trillion by volume *(pptv)
of *F-l I and 220 *pptv of *F-12. The concentra-
tions actually measured in the troposphere
^are from 60-110 percent of these values,
^which with some known and some unknown
^uncertainties, tends to support the scienti^f^ic
^concern.

Are *F-ll and *F-12 found in the strato-
sphere, and more impo^r^tant, if they are. did
^their concentrations fall off above 20-25 kilo-
^meters as the photodissociation hypothesis
^requires? A number of measurements by dif-
f^erent techniques in 1975 showed that these
^compounds are present in the stratosphere.
Furthermore, the rates at which their concen-
t^rations decrease with altitude in the strato-
^sphere above 20 km is consistent with the
hypothesis that photodissociation is the domi-
^nant loss process for *CFMs in the strato-
^sphere.

The National Academy of Sciences esti-
^mated in its 1976 review of the environmental
^effects of *chloro^f^luoromethane release that if
*^CFM production continued at the 1973 rates
the result after a few decades would be to
decrease the total ozone shield by about 7.5

*Fluorocarbons
To Be Banned
From Aerosol
Spray Cans

A plan for banning some *fluorocarbons,
including *chlorofluoromethanes and Freon
m aerosol sprays within two years was
announced jointly by three Federal agen-
cies on ^May 11, 1977. The Food and
Drug Administration, Environmental Pro-
tection Agency, and Consumer Product
Safety Commission proposed a three-
stage *phaseout. Manufacturing *fluorocar-
*bons for the aerosol market would cease
by Oct. 15, 1978. Companies would not
be permitted to use *fluorocarbons for
spray can *propellant after Dec. 15 of that
year, and cans containing the gas would
not be able to enter the market after April
15, 1979

Regulations requiring spray cans con-
taining *^fluorocarbons to bear labels to
that effect after Oct^. 31, 1977 were issued
by FDA in April.

Officials of the regulatory agencies esti-
mate that 60 percent of all *fluorocarbon
emissions in the U.S. will be eliminated as
a result of their action. Aerosol *propel-
*lants in ̂ 1973 accounted for 55 percent of
*fluorocarbons uses worldwide, a^nd the
U.S. produced about half of the total
world output. However, less than 30 per-
cent of the U.S. aerosol products now
use *fluorocarbons according to an indus-
try group.

percent, with a ten-fold range of uncertainty
about this central value, that is. the reduction
may range anywhere between 2 and 20 per-
cent. The decrease in o^zone at the higher
levels (say at 40 kilometers) may be as much
as 25 percent, with smaller decreases at lower
altitudes in the stratosphere. Even after a
total cut-off of *CFM emissions, the *NAS
found, ozone reduction continues for ten
years, and then requires an additional 65
years to regain one-half of its maximum loss.

The resultant increase in damaging ultra-
violet reaching the ea^r^th could involve, the
National Academy repo^r^t stated, increased
incidence of malignant melanoma, a serious
form of skin cancer frequently causing death,
increased incidence of basal- and *squamous-
*cell carcinomas, and effects on plants and
animals of unknown magnitude.

Biological effects occur due to cell absorp-
tion of increased ultra^-violet radiation in the
*UV-B s^pectral region (290-320 mm). Changes
in ^the protein and nucleic acids in the cell
alter the ability of these *macromolecules to
pro^perly perform their biochemical functions,
to the detriment of the living system in which
they reside. T^he *NAS report concluded that
^"unchecked *CFM release would hardly seem
prudent in view of our current inability to
assess the ultimate consequences."

Climatic changes are a distinct possibility
in connection with changes in the strato-
spheric temperature and ozone layer, al-
though "neither the net direction nor the
exact magnitude of this change can be pre-
dicted," the *NAS repo^r^t concluded. Models
indicate that stratospheric temperature
changes, induced as a result of the decrease
of the ozone concentration, may not signifi-
cantly ef^fect *tropospheric temperature. How-
ever, climatic simulation models are too rudi-
mentar^y today to establish long-term effects
of the mechanisms involved, and continued
research is needed.

The direct effect of increased *CFMs in the
stratosphere would be to trap outgoing atmos-
pheric radiation, which would be additive to
similar effects from increasing carbon dioxide
and water vapor, keeping the earth warmer
by the greenhouse effect. Since the *CFM
effect at continued 1973 production rates
could produce changes as large as observed
natural variation over 100 years, intensive
research through improved modelling is
needed. The derivative effects of climatic
changes constitute one of the major foci of
concern in the ozone problem.

All in all, the pervasiveness of man's tech-
nology in every area of life is exemplified by
the ozone problem.

Over the next century, as Dr. White re-
minded the delegates, the International Coun-
cil of Scientific Unions Sub-Committee on
Problems of the Environment (SCOPE) has
pointed out that the proportionate influence
of man and of natural processes on the Ea^r^th
will continue to change in the direction of
human dominance over environmental proc-
esses. If so, must not man share the responsi-
bility to develop increasingly effective meas^-^
ures to counter adverse effects as his
technology develops? Otherwise, the ozone
problem may indeed become the Achilles'
heel of the atmosphere. a
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ENEATH THE WATERS lies another
world; an awesome world, spectacular in

brilliance of color, mysterious in its
content. A world inhabited by gracefully
moving ̂ f^ishes, by strange crawling creatures.
As foreign to many as the surface of a far off
planet.

This other world—perhaps the final frontier
on Planet Earth—represents to an estimated
two million U.S. residents a new, enticing
playground. Recreational scuba divers, they
have sampled the delights of joining the un-
derwater world, even if only for brief periods
of time.

It's all so easy. Shrug the air tanks up onto
your shoulders, don the other equipment
needed, bite down on the mouthpiece, pull
down your face mask, and slip quietly be-
neath the surface through a magical doorway
to the other world.

But wait a minute:
Entering the world beneath the waters is

not all that easy to do—safely. It is a matter
of careful training, intimate knowledge and
understanding of equipment, and constant
awareness of numerous external factors, any

one of which may pose a danger.
This is the warning sounded by the Manned

Undersea Science and Technology Office of
the National Oceanic and Atmospheric
Administration; diving can be fun—but it also
has its dangers.

The Commerce Depa^r^tment agency, which
has—from its over 400 certi^f^ied divers—more
than 200 continually active divers handling
highly specialized undersea assignments from
the tropics to polar regions, is concerned with
diving safety, both with its own and with
recreational divers.

Statistics show that diving is continually
becoming safer, but ever^y year more than 100
needless fatal diving accidents still occur.

Dr. James Miller, Deputy Director of the
*MUS&T Office, says many fatalities could
have been avoided had the divers observed
the simple, common sense rules most of them
had been taught.

Miller and his colleague, *NOAA Diving
Coordinator Dr. *J. Morgan Wells, are particu-
larly concerned for those who think scuba
diving would be fun, but want to try it out
before making a financial investment in

proper training or equipment; and for novice
divers who have just completed a training
program and may be over-con^f^ident.

"It is absolutely foolhardy to dive without
professional training," ^Miller says. "Too
much can happen too quickly under water,
sometimes without the first-time diver even
being aware of it unti l it 's too late. For
example, the physiological stresses im^posed
upon a human body under water require
compensation by the diver; deliberate
changes in the way the diver carries on such
ordinary functions a^s breathing." The diver
should be aware of this, and should practice
under controlled circumstances to avoid seri-
ous problems.

The same applies to equipment, Miller
and Wells say. Without adequate training, a
prospective diver easily could end up under
water with equipment he or she doesn't know
how to use properly, or the wrong kind of
equipment.

Training sessions, too, emphasize the im-
portance of divers being in good general
health and alert the healthy diver to the fact
that there are times, regardless of his or her
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general phy^s ica l condi t ion, when d iv ing
^should not be done. A diver can rupture an
eardrum from diving with a head cold, while
diving with a chest cold can lead to the
occurrence of a deadly air embolism.

Miller and Wells recommend that anyone
considering scuba diving sign up for courses
offered by such organizations as the National
Associa^tion of Skin Diving Schools
*(NASDS). the National Association of Un-
derwater Instructors *(NAUI), the Profes-
sional Association of Diving Instructors
*(PADI). Scuba Schools International (SSI),
or the *Y^MCA.

As with most other active outdoor sports,
diving demands continuous, careful attention
to every detail, not only before and during,
^but even after the dive, the two experts say.

Perhaps the most important detail they see,
after training and equipment knowledge, is
that of knowing where help can be ̂ quickly
found should an accident occur.

Experience also teaches a diver to reco^g-
nize his or her personal diving capabilities
and not to go beyond them. According to
Wells, "A" number of diving accidents each
year occur precisely because of ignorance.

carelessness, or *overconfidence. These were
primary factors in the majority of over 30
cases invo lv ing sport divers treated at
*NOAA's Miami recompression facility."

The wise diver knows that special training,
and in some instances special equipment, is
needed for diving in caves, under the ice, in
heavy surf, and in lakes high up in the
mountains where U.S. Navy Standard Air
Decompression Tables do not apply because
of the altitude.

Knowing conditions in the waters where
you'll be diving is every bit as important as
knowing your equipment, according to Wells,
one of this country's most experienced di-
vers. Such factors as depth, bottom condi-
tions, tides, surf, currents, and marine ani-
mals l ikely to be in the waters are all
considered by the good diver before he
breaks the surface, going in.

Pollution in the water is another factor; of
such importance that *NOAA is planning to
co^nduct a special *polluted-waters diving
study because some of its divers are called
upon to perform research in heavily contami-
nated areas.

Fortunately, the sport diver need not ven-

ture into such dangerous waters. The 200.000
new divers who receive training each year
have a wide choice of sites, each with its own
particular interest or beauty.

The key work in diving. Wells and Miller
agree, might be "awareness"—awareness not
only of the surrounding beauty, but also the
diver's vulnerability in this unfamiliar me-
dium. The experienced diver is acutely aware
of what is happening—both in the nearby
water and in his or her own body. And when
an unexpected event does occur, this alert-
ness can provide ̂ a *once-in-a-lifetime thrill, or
be a *lifesaver. The need for caution and
concern remains when the dive ends. The
diver must be on the lookout for any unusual
physical sensations, and must know what to
do about them—knowledge learned through
training.

Every twist of conversation with Miller and
Wells ultimately, it seems, leads back to the
immense importance of professional training.

^"There is a large body of knowledge avail-
able relating to safe diving," Miller says.
"Much of it, of course, is common sense, like
not flying immediately after diving. If you
think about it, it's obvious. But will the new

Re^scue di^ver training class (a^bo^ve^) o^n the shores
of Chesap^ea^ke Bay ̂ learns how to splint
'^broken arm" before moving the vict^im. At
right, ̂ sc^uba diver^s enjoy swim along the bottom.
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^diver think about it? Probably not. That^'s one
of the real values of professional training
programs; the material presented has been
carefully organized to permit the maximum of
information to be provided the student; infor-
mation that without a doubt can make a
difference between an exhilaratin^g experience
and a fatal accident.

One aid to having fun under the water and
still staying safe is the *NOAA Diving ̂ Manual,
available from Superintendent of Documents,
U.S. Government Printing Office, Washing-
ton, *D.C., 20402. at $8.55, Stock Number
003-017-00283.

First steps to scuba tun

How Do
I Start?
Ho^w good a ^swimmer ^should I be if I want to
take up ̂ scuba diving?
Moderately good, and you should feel at
home and confident in the water.

What ^should m^y ph^y^sical condition be?
You should have good general health and
undergo an annual diving physical.

Can I dive if I have ̂ sinu^s congestion?
It is unsafe to dive either with a sinus or head
or chest condition.

Do I have to be a skin diver before I can start
scuba training?
No, but it helps. Basic skin diving skills are
normally learned during the early phases of
scuba diving.
Do I need formal instruction? Where can I get
it?
Formal instruction is absolutely necessary for
safe diving. For information contact the
Council for National Cooperation in Aquat-
ics. 220 *Ashton *Rd.. *Ashton. *Md. 20702.

What does it cost to get started?
Costs for instruction normally are between
$25 and $100, while basic equipment is from
$200 up.

Does surface weather af^fect diving?
Environmental conditions do. One must con-
sider wave and surf conditions, wind veloc-
ity, water and air temperature, surface and
water visibility, and many other factors.
Can I go down b^y m^y^sel^f?
You should never dive alone. Your buddy
^may be essential in the event of difficulty.

Is it easy to get air for a scuba tank?
Yes, at most dive shops and compressed gas
dealers, but to do so you should have (1) a
certification card showing you've had ac-
credited training, (2) a tank which has a
current visual inspection sticker and an au-
thorized hydrostatic test.

How many dives can I make each day, how
long can I stay down^, and how deep can I go?
Frequency of dives is most often limited by
tolerance of fatigue and cold. The *NOAA
Diving Manual gives rules on depth, duration.

and frequency of dives. This information may
also be found in the U.S. Navy Diving Man-
ual as well as many popular books on diving.

If something goes wrong while I^'m under
water, is there any chance of survival?
Yes. chances of survival are extremely high if
you can apply emergency procedures learned
during training.

Are under water cameras easy to use, and
what do they cost?
Yes. With a minimum of training and a little
experience, underwater photography can be a
delight for an initial cost of under $100.

Distress

How can I communicate with someone else
under water?
The simplest means is by hand signals. You
can get attention by striking your tank with
something hard. Sound travels well under
water.

What do I do if I see a shark?
DON'T PANIC. Excited movements can at-
tract sharks. Swim in a normal manner, and
quietly leave the water.

What are the most important things to
remember while diving?
If you have an emergency, stop, breathe
easily, think, get control, then take action.
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г *^м ̂ л HIS autumn may mark the begin-
ning of a new technological age,
when the ocean floor's mineral

riches finally come within mankind^'s
grasp. T^he ̂ f^irst deep ocean mining sys-
tems, designed to reach down through
miles of water to scoop up manganese
nodules from atop the sediments, will be
tested this year.

But what will be the cost of this new
power? There are hundreds of millions of
dollars, yen, or other currency that the
industries of many nations have invested
in designing, building, and testing the
rugged equipment needed to accomplish
the task. But there may be other costs,
yet to be tallied or even identified. So
while industry has been working out its
problems, scientists with the National
Oceanic and Atmospheric Administration
have been trying to make an accounting
of the other costs—to the environment.

The effort is called the Deep Ocean
Mining Environmental Study (DO^MES).
From three years of research at three
sites representative of those to be mined.
DOMES scientists have arrived at some
estimates of the environmental costs, esti-
mates that will be tested soon as pilot
mining ships move out into the Pacific
and begin collecting manganese nodules.
With the cooperation of the corporate
miners, *NOAA scientists will be monitor-
ing some of the tests of mining systems,
measuring the immediate and estimating

long-term changes that take place in the
environment.

Manganese nodules, the focus of all
this attention, are roundish rocks ranging
in size from a pea to a *softball and
containing potential^ly commercial concen-
trations of manganese, cobalt, nickel, and
copper. They have been found in both the

Atlantic and Pacific, where they lie tempt-
ingly visible on top of the sediments.
Pacific waters cover vast fields of them,
in a zone 900 miles (1.400 kilometers)
wide, extending 4,000 miles (6,400 kilo-
meters) from Mexico to the Marshall Is-
lands.

The DOMES project, part of the Ma-
rine Ecosystems Analysis program of^f^ice
of the Environmental Research Laborato-
ries, has focused for the first two years of
its existence on baseline studies—studies
of the *pre-mining state of a part of the
nodule zone.

Scientists at another of the Environ-
mental Research Laboratories, the Pacific
Marine Environmental Laboratory in Se-
attle, conducted much of the actual re-
search. Working with colleagues from a
long list of universities and other institu-
tions, they made exhaustive surveys of
three sites within a *5-million-square-mile
*(13-million-square-kilometer) area of the
central Pacific, where the nodules are
richest, and where mining will begin. The
three sites were selected as typical mining
sites representative of the range of en-
vironmental conditions that mining might
affect.

DOMES I scienti^sts fro^m ̂ NO A A an^d^
universi^ti^es use^d t^he ^heavy, ela^borate^ly
ca^bled de^vices o^f oceanography, such as
this beef^y grab samp^ler, to extract the
ocean's ̂ key ̂ quantities.

*NOAA *Seafloor Investigation

WH^AT PRICE
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DO^MES I took the *^NOAA ship *Oceanographer on sortie^s into the
Pa^cif^ic some 2,000 miles ̂ southea^st of Ha^waii. ^From thi^s ^f^loating
laborator^y an ocean-goin^g b^uoy is deploye^d ̂ with a strin^g of current
meters and a colorful nec^klace of" *^Viney ̂ f^loa^t^s" to mea^s^ure ^physical
processes from deep in the ocean to the air-sea bo^undary. Above, Rick
^Miller of the Universit^y of ̂ Washington makes last minute adjustments
on a current meter before it goes over the side.



A i t^h^e ̂ s^ea-air *bo^undar^v. meas^ureme^nts of s^uch parameters as sunlight
a^n^d ̂ wind speed - thin^gs of the air - were a^s i^mportant to the scienti^sts as

those from the deep ocean. Solar radiation is ̂ meas^ured fro^m a ^boom
and its do^wnward-loo^kin^g ̂ sensor po^ki^n^g from the ̂ bow of ^t^he

*Oceanographer. Above and ri^ght, a malfun^ctioning anemometer brings
^out a repair crew i^n the ship's Zodiac launch for a quick ̂ fix. ̂ T^he ̂ fixers,
^perched atop the *huo^v, are the Universit^y of ̂ Wa^shin^gton's Ric^k ^Miller
(left) and the *Oceanographer's Exec^utive Officer, *Cdr. ̂ William Curtis.



Sea wa^ter sam^ple^s ̂ were ̂ ta^ken fro^m t^he
surface to t^he ocean's ̂ f^loor ̂ d^urin^g^
DO^ME^S. A^t left, J^udy *^Ne^vi^ns of ^the
Uni^versity of ̂ Wa^s^hin^gton analyze^s^
particle^s trapped *b^v filters as the
^samples ̂ were decanted.

In another experimen^t made durin^g^
DO^MES, Bob ^Warren, (abo^ve) of Te^xa^s^
*A&M University ̂ prepares a samp^le of
sea ^water with Car^bon 14 which i^s set
adrift ̂ (left) ̂ by Susy Cassar^e a^n^d ̂ Kurt
^B^uc^k, a^l^so of *TAMU, with mauve buoys
to det^ermine the samples' ^primar^y^-^
prod^ucti^vity in the open sea.
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The DO^MES baselines also sample^d ti^ny
^drif^ting plant life - *phytoplankton - a^nd

some lar^ger form^s to determine
populations and ̂ what the pro^bable

im^pa^ct of deep ocean minin^g ̂ will be on
^the^se Paci^fic life forms (above). Bongo

nets deployed from ̂ the *Oceanographer's
stern (middle) collected samples as did

s^urface skimmin^g trawls (top) and larger
nets that dragged the middle depths of

the sea.



In a series of voyages at di^fferent sea-
sons of the year, they made physical^,^
^chemical, and biological studies—collect-
ing water samples to analyze for chemical
traces; measuring salinity and tempera-
ture at selected depths; observing the
*phytoplankton, z^ooplankton^, fishes, and
crustaceans; collecting samples of sedi-
^ment and nodules from the bottom; map-
ping currents; recording meteorological
conditions, and scanning the sea floor
^with sonar and underwater camera.

From the data they have collected the
^scientists came to the tentative conclusion
that, though mining might have drastic
ef^fects *pn the environment, it is possible
that these effects would be short-lived
and localized, soon swallowed by time
and the *vastness of the ocean.

A progress report issued recently
summarized the results to date. In the
report, the nodule area is described as
one of clear, biologically productive
waters. Measurements of light scattering
and transmission showed that sunlight
striking the surface of the sea penetrates
to a depth of over 330 feet (100 meters).
Only small amounts of fine particles,
mostly of biological origin, cloud the
water.

Between the two major currents of the
area, one flowing east, the other west, is a
divergence zone, where adjacent water
masses are moving apart. This divergence
zone, running east-west at about nine to
ten degrees north la^t^itude, influences the
depth of the mixed layer, the upper layer
in which such water properties as salinity
and temperature are mixed homogene-
ously. At one site, the researchers found
an unexpected deeper current, between
660 and 990 feet (200 and 300 meters)
down, that ̂ f^lowed in the opposite direc-
tion from the westward-^f^lowing surface
current. The deeper current was more
sluggish, but the speed of both varied
greatly with time.

The upper layer of the water is low in
nutrients, but nearly saturated with oxy-
gen. Below the *thermocline. however,
dif^ferent conditions prevail. There, a layer
of water, in some places more than 1.640
feet ^(500 meters) thick, has very low
oxygen concentrations. Deeper still, oxy-
gen increases again. Near the bottom, the
amount of dissolved oxygen in the water
decreases steadily from west to east,
while the nutrients form an opposite pat-
tern, increasing from west to east. These
opposing oxygen and nutrient trends im-
ply that the bottom water is ̂ f^lowing east-
ward.

Clay, and a chalky ooze rich in tiny
fossils, make up most of the sediments in
the area.

Biological studies showed a great diver-
sity of *phytoplankton (tiny plant) species

and a wide variation in the amounts of
chlorophyll a, an index of biological pro-
ductivity. Most of the zooplankton (mi-
croscopic ̂ f^loating animal life) live in the
upper 660 feet of the water, probably
because the oxygen-depleted layer acts as
a kind of floor, keeping them above it.

The waters above the mining area are
also commercial fishing grounds, espe-
cially for tuna. The commercial catch in
^1973 amounted to 79,500 metric tons of
tuna, 5,600 tons of *billfishes, and 9,000
tons of shark. T^he total stocks of the area
are probably twice these amounts. The
total catch each year is worth about $82
million.

Photographs of the bottom showed that
four groups of animals—sea urchins, brit-
tle stars, anemones, sea cucumbers—
make up 80 percent of the megafauna
(creatures large enough to be picked up in
the hand). In a few locations, bait was
dropped near the camera and one, in
19,700 feet (6,000 meters) of water, at-
tracted more than 40 large ̂ f^ish and shrimp.

With such a picture of conditions in the
nodule area, the scientists were able to
make some estimates of how the type of
mining system planned might affect it.

The type of system that most deep sea
miners are developing, says Dr. Robert
Burns, the Pacific Marine Environmental
Laboratory scientist who directs
DOMES, is hydraulic. In it, a collector,
or *dredgehead, travels along the sea floor,
sucking in nodules, surface sediments,
and whatever else lies in its path, and
pumping them to a ship at the surface.
Ef^f^luents will be discharged at the bottom
in a *benthic plume, and at the surface.

Such mining ships will each recover
5,000 to 10,000 metric tons of nodules a
day. They will be operating 24 hours a
day, about 300 days a year. By 1985, two
to four mining units are expected to be
operating, recovering a total of 3 to 6
million metric tons of nodules annually.

To recover 5,000 tons of nodules, the
scientists estimated, a mining system
would have to skim the top from 222
acres (0.9 square kilometer) of ocean floor
and compact 50 acres (0.2 square kilome-
ter) under its treads.

With the nodules, the scientists esti-
mated, the mining system would also
suck up 36,000 tons of sediment, 1,727
pounds (783 kilograms) of living plants
and animals, and 3,530,000 cubic feet
(100,000 cubic meters) of water. A sedi-
ment rejection system near the sea floor
would spurt most of this back into the
lower layer of the sea.

At the surface, however, there will be
additional discharge: 1,000 metric tons of
sediment, 50 metric tons of abraded nod-
ules, 51 pounds (23 kilograms) of biota,
and 706,200 cubic feet (20,000 cubic me-
ters) of water.

The DOMES progress report estimated
that pa^niculate matter brought to the sur-
face by mining would greatly reduce light
penetration into the upper waters, light
necessary for photosynthesis. But within
24 hours, the water would have cleared
enough for pro^duc^t^ivity to return to about
half normal levels, and only the water in
the immediate vicinity of the ship would
be affected, anyway. Zooplankton and
^f^ish stocks might also decrease temporar-
ily within a small area near the ship.

Any changes in water temperature, sal-
inity, dissolved oxygen, and most nu-
trients in surface waters, the DOMES
scientists believe, will be so small they
will be difficult even to measure, and
would have no detectable short-term ef-
fect on living or^ganisms.

The sediment particles may also clog
respiratory and feeding appendages of
zooplankton, and some particles would
inevitably be eaten. Fish might have trou-
ble breathing if they remained in the area,
but upper-water fish, at least, would prob-
ably simply leave, the DOMES report
said. Ingestion of nodule material by zoo-
plankton could introduce heavy metals
into the food chain, but as yet it is not
known how small these nodule particles
would be and how much of this material
would be eaten. Those are questions this
summer's research may answer.

The life forms in the water will, in turn,
affect the discharge, perhaps inadvert-
ently cleansing the waters. If filter-feeding
organisms eat suspended *particulate mat-
ter, the sediments would thus be incorpo-
rated into fecal pellets, which would sink
much faster than the finer sediments. The
researchers believe this may be an impor-
tant mechanism for removing sediments
from the upper water.

These findings have had a dual ef^fect.
One result has been to make it all the
clearer that monitoring of tests is neces-
sary. ^"The chance, however small, of
detrimental effects, and the many ques-
tions yet to be answered," says John
*Padan of *NOAA^'s Office of Marine Min-
erals, ^"made it crucial to monitor these
tests." Test monitoring would al^so be-
come important when in t^he future some
government agency is given responsibility
for licensing or regulating deep ocean
mining by U.S. firms. *Padan points out
that there is no way to arrive at sensible
regulations unless the ef^fects of mining
are known.

Another result of the DOMES baseline
studies has been development of prelimi-
nary guidelines that industry might follow
to minimize the chance of adverse effects.
A group of *NOAA scientists from
DOMES, the MESA program office, the
Fisheries Service, and the Pacific Marine
Environmental Laboratory made a list of
such guidelines, which are to be published

*NOAA Magazine July 1977 ^17



in the near future. These are very prelimi-
nary, emphasi^zes *Padan, and they are
only in the form of suggestions; "They
have no teeth."

One guideline relates to discharges into
surface waters. "It looks as if this might
not be a serious problem," says *Padan,
who was a member of the guidelines
group. "But we were trying to look to-
ward deep ocean mining's maturity, when
many ships might be operating simultane-
ously, raising the possibility of a buildup
of particles in surface waters."

Possible effects of surface discharges
that the group considered are: effects of
sediment materials on the food chain,
ultimately affecting commercially impor-
tant species, such as tuna; long-term,
chronic exposure of the biota to heavy
metals from the nodules; and stimulation
of bacterial growth by adding certain min-
ing materials to the oxygen minimum
^zone, causing, in turn, depletion of oxy-
gen or formation of poisonous hydrogen
*sul^f^ide.

If future events show that adverse
effects could occur, the task force sug-
gests that an alternative disposal method
might be considered. For example, the
discharge might be released well below
the surface—perhaps 1,000 meters down,
to avoid the oxygen minimum zone. Or,
the effluent might be retained on the
mining vessel.

"There will be damage to *benthic orga-
nisms; there's no way around that," con-
tinues *Padan. And it appears from the
study so far that disturbances at the ocean
bottom will have little if any effect on the
surface. But another suggestion for the

miners is to try to minim^ize the dispersal
of the *benthic plume—something industry
is already trying to do.

The mining site itself should also be
selected with a view to potential adverse
effects, the group continued; some areas
are more vulnerable than others. For ex-
ample, currents might exist that could
carry mining wastes long distances, to-
ward coral reefs at Hawaii or other is-
lands. Or the area might be a breeding
ground for tuna, or lie along fish migra-
tion routes or major shipping routes.

The DO^MES scientists plan to monitor
four mining tests over the next two years,
says Burns. These tests have been sched-
uled by four different mining *consortia.
The ̂ f^irst test they will monitor will be by
*Deepsea Ventures, Inc., the operational
arm of Ocean Mining Associates.

The ̂ f^irm has already run some prelimi-
nary tests of the equipment, says Vice
President Raymond Kaufman. The
DOMES scientists will be monitoring one
of the ̂ f^inal tests, a pilot run in which the
mining ship, *R.V. *Deepsea Miner II, will
act^ually dredge up tons of nodules, as if it
were in commercial operation. The
Miner, Kaufman explains, is a converted
ore carrier that is being used to test the
feasibility of deep sea mining. During the
pilot test, it will be pumping up nodules at
roughly one-fi^fth the rate planned for a

Tele^vision tec^hni^que for *^deep^sea ̂ minin^g^
^(above^); TV came^ra, light^s, a^nd sa^mple
ba^s^ket are lo^wered to ocean ̂ b^ottom on
tripo^d. Specially de^si^gned *dredgehead

^(right, top) i^s lo^wered through ship'^s moon
pool, ̂ well cut amidships on oil ri^gs and

drilling ̂ vessels ̂ where drill pipes are lo^w-
ered; so-called because moon li^ghts up

pool pleasa^ntly on calm evenings. Right,
*Deepsea ̂ Ventures pilot *min^g ship *RIV

*Deep^sea ̂ Miner II.
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commercial ship. The Miner is an interim
^ship, being used to verify the system and
test the design for the larger commercial
ships yet to be built.

"We^'ve considered these environmen^-^
tal concerns to be very much a coopera-
tive effort between us and *NOAA,^" says
^Kaufman. He points out that whether
commercial mining actually takes place is
^still ̂ "touch and go,^" and will depend on
the economic feasibility of the operation,
yet to be established. The economic feasi-
bility will depend in part on the environ-
mental studies, and on the regulations
that may be imposed to protect the envi-
ronment.

From the *NOAA ship *Oceanographer,
from *Deepsea Ventures' Miner, and the
firm's exploration ship *R.V. Prospector,
*NOAA scientists will conduct a 10- to 20-
day study of the planned test area, to
compare its characteristics with what was
learned at the baseline areas. For another
two days, they will re-examine the near-
^est baseline site, to see if any of its
characteristics have changed since it was
last studied.

Then, for 20 days^, the *NOAA scientists
plan to monitor the actual mining tests.
^During the first test^, says Burns, they will
concentrate on the surface plume. Scien-
^ti^sts aboard the mining ships plan to note
how, where, and how rapidly effluents are

discharged into the sea; the nature of the
effluent—its temperature, salinity, con-
centration of solids; and^, finally, what is
done with the nod^ules that are collected
or discarded.

From the *Oceanographer, they want to
track the surface plume as it leaves the
mining ship, making many of the same
measurements they made during the base-
line studies. They will attempt to define
the ^growth of the plume in three dimen-
sions, by collecting water samples and
analyzing them for telltale traces of ef-
fluent material, making measurements of
the clarity of the water at different places,
and probing the water with sonar. They
may also add a dye tracer to the effluent
to make it more obvious. The scientists
hope to supplement their ship-based ob-
servations with satel l i te images. Re-
searchers will also study plankton to de-
termine short-term effects of mining on
the biota.

Long after the mining test has ended,
the DOMES research w i l l cont inue,
watching the site to see how it recovers,
and how long the process takes. The
*NOAA vessel will remain for three days
after the end of the test, to monitor the
site's immediate recovery, as the sedi-
ments settle again to the bottom or are
dispersed by the currents. After a port
call for *reprovi^sioning and refueling, they

will return to the site for a 20-day *fol-
*low^up ̂ study.

Complete recovery of a mining area,
including return of *bottomdwelling ani-
mals, may take a long time. The DOMES
scientists hope to return to each test site
at intervals for as long as possible.

On later mining tests, the DOMES sci-
entists hope to add a second research ship
to observe events on the ocean floor as
well as at the surface. They believe two
ships will be necessary because underwa-
ter currents could well carry the bottom
plume in a different direction from the
surface plume. This second ship will tr^ack
the bottom plume and monitor the effects
of the *dredgehead, observing how rapidly
it moves across the bottom, how its
movement clouds the waters, and how
deep a scar it leaves. In addition to the
same observations used to track the sur-
face plume, the scientists will collect bot-
tom samples, and lower under^water cam-
eras for a visual record.

From all these studies, the scientists
are seeking two key pieces of informa-
tion: how many nodules each mining sys-
tem recovers, and how much of the envi-
ronment is disturbed in the process. All
the environmental impacts must be evalu-
ated in light of this knowledge, for this is
what determines the social cost of a ton of
manganese nodules. *^3
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Life on the Razor's Edge

^DON
^OILMAN:

^FAR^-O^UT
FORECASTER

Dr. Donald *L. ^Oilman. Chief of the National Weather Service's
Long Range Prediction Group, and his Deputy, Robert Dickson, were
among the most sought-a^fter men in the entire *NOAA family during
the long, cold winter of 1976-77.

Says ^Oilman: "Because of the abnormally cold
autumn and winter of 1976-77, the energy crunch,
and the extreme drought in the Far West, our unit
had more media exposure during these past seasons

than in all the years of the group's previous history combined.
"Beginning about the end of November, and reaching a peak in

January, we had about 15 'live' or videotaping sessions with major
television networks, numerous interviews with local television and

radio stations, and approxi-
mately 50 interviews of
varying degrees of depth
with wire service, *newspa-

*By EDWIN P. *WEIGEL



Per and magazine *reporters-not to mention
several appe^a^r^ances before Congress."

Dr. ^Oilman and his six staffers routinely
put out two major products: "The Ave^r^age
Monthly Weather Outlook," for the 30-day
period ahead, issued sho^r^tly before the first
^and middle of each month, and a seasonal or
^90-day average tempe^r^a^ture outlook, issued
^at the end of each November, February,
May, and August.

Unlike the more-familiar shorter-range
^weather forecasts, which extend out only a
day or two, or at the most five days, with
predictions of degrees of temperature and ap-
proximate amounts and kinds of precipita-
tion, the 30-day outlooks are estimates of
whether the weather will be colder or warmer
than normal or wetter or dryers than usual
^during the period ahead.

The 90-day outlook ordinarily is for tem-
perature only.

For the 30-day outlook, maps with contour-
like lines are shown, indicating, first, whether
^the anticipated temperatures for various parts
of the nation will be above or below normal,
^or near normal; and, second, on a similar
^map. whether various areas are expected to
^receive above-median or below-median
^amounts of precipitation.

The 90-day temperature outlook has three
^categories: above normal, below normal, and
indeterminate, the latter meaning in effect: no
forecast; or that the temperature could go
^with equal likelihoo^d either way.

The 45-year old ^Oilman, who looks
^scarcely 30, seems *tailormade for his present
occupation as chief long-range forecaster for
^the National Weather Service. Born October
^1^5, 1931, in Hartford, Connecticut, he grew
^up in nearby *Storrs, where the University of
^Connecticut is located; graduated from a high
^school nearby and went thence to Harvard,
^where he earned a bachelor of science degree
^in physics in 1952, graduating with honors.
^Next stop was the Massachusetts Institute of
^Technology, where, in 1954, he received a
^master's degree in meteorology, and his doc-
^torate in 1957. Doctoral thesis: *"Emperical
Orthogonal Function Applied to 30-day Fore-
^ca^sting."

"That's how I got this job," he said. In
between times, for one year. Oilman worked
on the research staff at M.I .T. , and also
taught a course in descriptive meteorology.
"I taught only one term," he said, *" and
^l^earned from that experience I wasn't cut out
to be a teacher."

Next, Oilman, joined the then-named Ex-
tended Forecast Section of the Weather Bu-
^r^eau, under Jerome *Namias, in September of
1958, and after *Namias retired, became Chief
of the Long Range Prediction Group in 1972.

Oilman says the group is still using many of
*^Namias's techniques, "but with some varia-
tions and simplifications."

The group's success in predicting such ab-
normalities as the cold winter of 197^6-77 has
prompted many weather students to inquire
just how Oilman's unit performs its wonders.

Oilman explains, "our principal working
l^evel in the atmosphere from which we derive
our forecasts is the *700-millibar level of at-
^mospheric pressure, or about 10,000 feet
above the mean sea level pressure of 1013.25

Temperature Outlook For Winter Of 1977

January Temperature January Precipitation
*/^?^_ Outlook

^Wi^nter te^mperature outloo^k is^s^ue^d by Long Range ^Prediction Group in late November
correctly forecast belo^w-normal temperatures o^ver much of eastern United States an^d^
above-normal temperature^s over t^he ̂ North^we^st. Outlook for January also was generally
good, with continued cold predicted for state^s east of the Rockies and above-normal snow
and rain over ea^stern an^d southern states. (^Maps sli^ghtly modified for *NOAA ̂ Maga^zine.^)

millibars. In each of our monthly outlooks,
we carry a map showing the expected config-
uration of this *700-millibar circulation be-
cause it is basic to what we expect on the
Earth's surface. The *700-millibar level is high
enough to pick up the basic character of the
upper-level wind pattern, although it is not
the level of maximum winds. That level runs
between 35,000 and 40,000 feet, or 300 to 200
millibars of atmospheric pressure."

Above the surface friction layer in the
atmosphere winds tend to follow lines of
equal pressure, so that upper-air pressure
patterns are roughly equivalent to wind pat-
terns of the high-level steering currents so
important to basic changes in the weather.
Oilman continues: "The most important rea-

son we chose the *700-millibar altitude is that
we need to stay close enough to the ground to
make good inferences about surface weather
conditions, and that problem gets quite diffi-
cult when you get much above *700-milli-
*bars."

He says the maps he showed so frequently
on network television this past winter—illus-
trating prevailing wind patterns causing our
record-cold January—were based on the *700-
*millibar wind currents. In these maps, view-
ers saw the jet stream sweeping northeast-
ward from the eastern Pacific to Alaska, then
swooping sharply downward east of the
Rockies to penetrate deep into southern U.S.
Result: record warmth in Anchorage; record
cold in Miami.

*NOAA Maga^zine July 1977



^Oilman says another reason for using the
*700-millibar chart is that it is a compromise
level, ̂ with a long historical record going back
comprehensively to 1948. and. in l imited
areas, to the late 1930's*.

"You can't get good records for anything
higher than that if you go back further." he
says.

^Oilman explains that his group keeps trac^k^
of the behavior of the upper-level wind pat-
terns on several different time scales, the
longest of which is a 90-day scale. Next
comes the monthly scale, then a 1^5-day scale,
and lastly a five-day scale.

"^We keep track of these on a continuous
basis, in the sense that each successive ^f^ive-
day chunk gets a map posted for it right
away, so that not all of our data-proce^ssing
gets done just before the forecast day. If we
didn't do this, we could be misled as to the
true continuity of what's going on, because
there are variations from one five-day period
to another that may average out in the long
run, and yet, individually be very helpful in
diagnosing reality."

When it gets down to the nitty-gritty of
how the group forecasts what's going to hap-
pen on the ground. Oilman explains that the
forecast is done on two succe^ssive days.

"The first day we forecast what the *700-
*millibar flow wi l l be—that is, how wil l it
deviate from a normal pattern. That's the
hardest part of the forecast. To predict this
upper-level ̂ f^low, we have sever^al inputs. One
is an examination of the sequence of develop-
ment of atmospheric changes and then some
cautious extrapolations of that sequence, in-
cluding movements and rates of intensifica-
tion of certain features, ^swelling of ridges,
deepening or f l a t t e n i n g of a tmosphe r i c
troughs, and so on.

"A second element we use is ̂ 'persistence.'
which is a l i t t l e different from con t inu i ty .
Continuity involves continuation of recent
rates of change, persistence means to what
extent some pattern that is present now will
remain present. For that we have special
statistics. These are calculated freshly every
month for the forecast. They tell us. based on
the behavior of the upper atmosphere during
the past 30 years, which of the abnormal
features at 700 millibars are the ones most
l ikely to persist for the coming month or
season, and. equally important, which ones
are not. or are likely to reverse. This persist-
ence part of our technique is objective—that
is based on statistical formulas.

"We get ^what are called regression esti-
mate^s, from autocorrelation coefficients, and
apply them.

"The next thing we do is to see whether
the clues from these two methods—the conti-
n u i t y or ex t r apo la t ion method, ^which is
rather subjective, based on recent trends, and
the persistence or objective method— are
mutua l ly consistent in a statistical sense. The
question is answered by applying *^"teleconnec-
*tion' statistics which evaluate the mutual like-
lihood of the various clues based on several
years of atmospheric statistics.

"If some of them are not consistent, that 's
a problem we must resolve before we can
come up ^with a forecast. We need to make
some kind of adjustment or throw out ce^r^tain
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indications because we need a forecast pat-
tern that is internally consistent in order for
us to have a chance of being right."

Illustrating further the complexity of their
thinking. Oilman says: "There are sometimes
physical *aruguments that we use also, to
estimate major changes in the circulation. I^f.
for instance, the strength of the ^westerlies
around the Northern Hemisphere as a whole
has been falling, we may need to look for a
change in the number of waves in the wester-
lies. Or. if the pattern is setting up for a
strong no^r^therly flow from the Arctic over the
North Pacific, that pattern can lead to a

Robert Dic^k^son is Deput^y Chief an^d prin-
cipal forecast^er of Lon^g Range Pre^diction
G^roup.

^Meteorolo^gist Robert T^a^uben^see is t^he
group's data specialist and verifier. ^Mete-
orological Technician ̂ Michael G aid *^ur^gi^s,
belo^w, handles communications, ^keeps in-
coming ̂ data current.

sudden and major readjustment of the ̂ whole
wave pattern downstream over North Amer-
ica, and change our weather entirely in a
matter of days.

"The second day. we make final revisions
on the forecast for upper-air flow, and then
make interpretations of this high-level p^attern
to determine weather features that wil l occur
on the surface. To produce interpretations of
temperature and precipitation, we use several
methods.

"One method is to check back through our
file charts for the last 30 years for the same
time of the year as the period in the outlook

Meteorologist A*. Jame^s ̂ Wa^gner is assist-
in^g forecaster; also makes historical stud-
ie^s.

Mathematician David *Durdall does com-
puter programming for long-ra^nge fore-
casts. Joanna *Dionne al^so doe^s program-
ming; handles a wide variety of ot^her
assignments.

^o
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to find cases in which the upper-level circula-
tion resembles the one we are predicting.
This is an analog technique. It is useful^, but
never completely satisfactory by itself. With
this technique we assume that if we find an
up^per air pattern that closely resembles the
one at hand, then we can forecast surface
weather by analogy. It's not a matter of
searching a computer's memory. It's merely a
^matter of consulting special flip-charts that
^we maintain of patterns over the past 30
years. It doesn't take long at all to go through
this process. A tr^ained eye can do it quite
quickly. Bob Dickson is very good at it.

"Ne^xt, we have a set of objective equa^-^
tions that we bring in. These were derived
primarily for use in ̂ f^ive-day forecasts, and
^were developed some years ago by Dr. Wil-
liam *H. Klein, now Director of the Weather
Service's Systems Development Office. Dr.
^Klein adapted these for use in the 30-day
outlook and used the *700-millibar height as
^his input. His equations give us a temperature
estimate, not a precipitation estimate. We
compare the results with the analog proce-
dure described earlier, to see what kind of
^agreement we get.

^"In addition, we have a set of conditional
probability charts, devised primarily for ^f^ive-
day forecasting by James O'Connor, now
Acting Chief of the Forecast Division of the
Na^t^ional Meteorologic^al Center. O'Connor's
probabilities for both temperature and precip-
i^tation are very useful. They allow us to pick
a key abnormality in the upper air at any
particular location in the Northern Hemi-
sphere which we feel strongly is going to be a
^major center of activity, and then determine
the probabilities of various classes of temper-
ature and precipitation that will result from
that abnormality at the U.S. weather stations
on our charts. The conditional probabilities
allow us essentially to tailor our inferences to
parts of the upper-level forecast we feel most
^confident about.

^"And then there are a few more tools that
^operate directly from observed temperature
Patterns. We have probability tables for each
^of the ̂ 'lower ̂ 4^8' states based on years 1900 to
I^9^60 which tell us what the chance is for a
particular state being warmer or cooler than
^normal, dep^ending on the weather it has had
^during the previous months. These are called
^contingency tables. We also have similar ta-
bles for a 10-year sample based on the joint
^consideration of the five-day forecast and the
Previous month's temperatures.

"All of these things are put together, and
from our conclusions we draw maps."

One of the seeming peculiarities about the
^30-day outlook is that the precipitation out-
looks show no areas for "near median" pre-
^cipitation, but, rather, divide sharply between
^"below median" or "above median" rainfall
^or snowfall.

^For the mathematically inclined, *Gilman
^explains that, "instead of referring a given
outlook to the 'average' or 'normal' precipita-
^tion, we talk about a 'median' amount. A
*niedian is the dividing line between an equal
number of wetter or dryer cases for a given
^location and month. Mathematically, the
chance of getting the exact median is zero,
because it is simply a dividing line between

whe^r^e there is a SO percent chance of *more-
*than^-median p^r^ecipitation and a SO percent
chance of less.

"Being right on the median is like being
poised on the edge of a razor," he says, ̂ "but
a median is a much simpler quantity to work
with than a normal, and is more meaningful in
our work."

"An alternate way of saying whether some-
thing is above or below the median" he
explains, "is that the median is the 50th
*percentile point in precipitation amounts ex-
perienced by a ̂ given station over a 30-year
period during the month in question."

How accurate have their forecasts been
during recent months and seasons?

^Oilman says 1976 was "a very good year"
for his group. "While we claim a 60 percent
skill for temperature over the long run, in
1976 and 1977 our skill has typically been
more like 70 percent, and in some forecasts
as high as 8^5 percent. These percentages refer
to whether a temperature anomaly—that is,
colder or warmer than normal by any amount
at all—verifies in a network of about 100
stations.

"Our accuracy for precipitation is not so
high, and has been running about the same as
our long-term record. Here we usually claim
only about a ̂ 5^5 percent skill above what one
can obtain by applying climatology, or so-
called "normal" precipitation for a given
month."

The outlook for which ^Oilman and his
group gained the most praise this year was
their winter-temperature outlook issued in
late November, indicating a *colder-than-nor-
*mal winter for much of the U.S. east of the
Rockies, which took place with a vengeance,
especially in January.

Oilman explains that the 90-day seasonal
outlook is produced slightly dif^ferently than
the 30-day outlook, since the continuity from
one season to another cannot be followed in
the same way continuity is followed from one
week to another or one month to another.

"Changes seasonally overpower that kind
of continuity," he says, "so we must be more
statistical and less synoptic or chart based."

"Here we have persistence statistics not
simply from one season to the next, but from
one month, one season, two seasons, three
seasons, four seasons and even eight seasons
to the next. Thus, for a winter outlook, we
are looking at statistics that will carry over
the effects from the immediately preceding
November, autumn, summer, spring and win-
ter, and two winters back. We pick up a few
statistics from each of these.

"There is no single complicated equation
into which all of these calculations are
dropped. When we put them all together, the
result is in our heads. We post the charts
separately so we can look at the clues from
each of these diffe^r^ent time periods and check
them against one another for consistency by
means of *'teleconnection' statistics. They
have to agree, or an area falls into category
"I" for indeterminate."

Who uses the long-range forecasts?
Oilman says his unit has about 2,000 regu-

lar customers, and that as best they can tell
from examining the list, the breakdown is a^s^
follows:

Federal, state and lo^cal governments
about 25%

Agribusiness about 10%
Fuel-energy organizations about 10^%
Media (newspapers, magazines, radio and TV
networks etc. about 10%
General commercial ̂ f^irms (not energy or agri-
culture) about 20%
Heavy industry about 10%
Private individuals about 15%

"We have had a tremendou^s surge of inter-
est in our forecasts since this year's cold
autumn and winter," he adds.

Oilman says the seasonal forecast^s in re-
cent years have been very satisfying, with the
ones for this autumn and winter registering
above 80 percent in accuracy, based on meas-
urements at more than 100 U.S. weather
stations where *colder-than-normal or *warmer-
*than-normal temperatures were forecast. Thi^s^
compares with a long-term accuracy of about
60 percent for temperature, he says. The
1976-77 winter forecast—colder than normal
east of the Rockies—was the seventh consec-
utive 90-day outlook that was better than a
forecast based on *climatological averages.

Plans for the future?
"We're very much involved in *NOAA's

proposed new climate program. This proposal
is for a Climate Diagnostic Center, to which
we would contribute. This would involve
examination, on a regular basis, current cli-
matic fluctuations on a monthly, seasonal,
and annual time scale. The Diagnostic Center
would be involved with short-term climate
^f^luctuations—as compared with glacial or *mil-
*lenial ̂ f^luctuations—and with human impact
on climate. It is intended to be a complemen-
tary or coordinate activity to *NOAA's Center
for Climatic and Environmental Assessment
*(CCEA). Our unit would concentrate on pre-
dicting weather changes expected on a
monthly, seasonal and yearly scale, and
*CCEA would concentrate on the impact of
those changes.

"I think it will become more and more
important for weather forecasters to predict
changes six to nine months ahead because so
many key Government decisions need that
kind of lead time. We don't know whether we
will be able to predict weather that far ahead
or not. That will be one of our main efforts:
to see if indeed it can be done."

Like many other ^weather men who thin^k in
long-range terms. ^Oilman is convinced that
th^e U.S. has experienced a particularly be-
nevolent weather regime in the central United
States—the nation's breadbasket—from the
period of the late *I950's to the beginning of
the *I970's. He says this was a period without
any real extremes of weather, particularly
drought, and adds that "a lot of people got
the idea we were on ^'easy street' because
they thought agricultural *tenchology ha^d^
overcome weather-related problems." He
says it wasn't until recently that it was real-
ized this period of favorable ^weather had
created an erroneous impression.

Now. he points out. in recent years and
months. Nature has shown us ̂ just how harsh
she can be. and what we should plan for to
escape calamitous shortages of food and ^f^i-
ber, ^a
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Ne^w light on an o^ld mystery

By *J. GORDON *VAETH



^Ж ̂ Ж Т AS A^MELIA *EARHART on a spy
*^^^/^^^/ mis^sion when she and her navigator,

Fred *Noonan, took of^f from *Lae,
^New Guinea, for *Howland Island on J u l y 2,
1937? Did their flight plan secretly call for her
to deviate from her announced course in
order to overfly and observe Japanese *fortifi^'^
cations on *Saipan or *Truk? Had she been
asked by the Navy, or even by President
Roosevelt, to *reconnoiter the Marianas and
Carolines?

These ^questions—and many like them—
have been asked ever since Lockheed *Elec-
*tra, N R16020, stripped of every pound of
^excess weight and carrying every drop of fuel
possible, lifted off from the runway at *Lae.
*Earhart and *Noonan were on the final stages
of a world ̂ f^light that had taken them from
California to South America, across the At-
lantic to Africa, then on to India, Southeast
Asia, Australia, and, f inal ly. New Guinea.
*Howland, their next stop, lay 2,550 miles to
the north and east. After that would come
Honolulu and then California again.

As the world knows, the *Electra *IOE never
reached *Howland. To help the flyers ̂ f^ind it—
^the oval-shaped island is only 2 miles long,
one-half mile wide, and 20 feet high—the

Coast Guard cutter *Itasca was standing by
there and would serve as a communications
center. The hours spent by those aboard that
^ship during the long night of July 1-2 *(Lae
was on the other side of the International
Date Line) were never to be forgotten. Nei-
ther would be the confusion that reigned, the
failure, of *Earhart to acknowledge messages
or transmit when expected to. and the fr^ustra-
tion of being unable to get a directional
bearing on her too-few and too-brief voice
transmissions. Her silence plus the fact that
unti l late in the fl ight she wanted to take
bearings on the *Itasca rather than the
*Itasca taking bearings on her was puzzling
to some. Although the reason may simply
have been inadequacies of her radio equip-
ment—she had left her *CW key and trailing
antenna behind in Miami to save weight—it
contributed to the post-flight speculation that
early on in the flight she might have been
where she wasn't supposed to be. Also that
she might have been approaching *Howland
from an unexpected direction.

Such speculation persisted and reached its
peak in 1943 when H o l l y w o o d released
"Fl ight for Freedom." Rosalind Russel l
played *Tonie Carter an American woman

^flyer who agrees to get "lost" on an island in
the Pacific to give the U.S. Navy an excuse
to search for her in Japanese waters. Her
companion on the flight. Randy Britton, was
portrayed by Fred *MacMurray. Al though
*Tonie Carter and Randy Britton were de-
picted as fictional characters, the film left no
doubt that they were supposed to be Amelia
*Earhart and Fred *Noonan.

This movie, appearing when it did at the
height of the war. shown to servicemen
everywhere, and promoted as a "now it can
be told." was probably more responsible than
anything else for the stories and rumors that
circulated during and after the battles in the
Pacific about *Earhart, *Noonan, their *"mis^-

*From 1̂ 9̂ 63 t^o 19̂ 66 th^e aut^h^or, no^w Di^r^e^ctor
of S^y^ste^m En^gin^eerin^g ^at t^he ^National E^nvi-
ronme^nt^al Satellite Ser^vi^ce, inve^s^tigate^d in
^de^pt^h th^e circ^um^st^ance^s ^s^urro^un^ding the l^ast
^f^li^gh^t of one of the mo^st fa^mou^s ̂ w^omen who
ever liv^ed. Hi^s o^b^ser^vations and ^c^on^clu^sion^s^
are pu^b^lished in this iss^ue, partly because
the^y are the product of re^search b^y a *NOAA
memb^er and partly because this month mark^s^
the 40th anniversary of Ameli^a *Earhart's
di^sappe^aran^ce.

^Amelia *Ear^hart ^P^utnam i^n a ^b^uoyant ^po^se
^wit^h her Loc^khee^d *Ele^ctra *(opp. pa^ge^),

the "^f^l^yin^g laboratory" in whi^ch ^she
disappeared in 19^37, an^d an earlier

triu^mphal tic^ker-tape para^de ^up lower
Broa^dway i^n June, ^1932, honorin^g her a^s

the fir^st woman to make a solo fli^ght
across the Atlantic (ri^gh^t^).

^I^n July, 1932, a dispirited Amelia *Earhart
P^utnam talks to newsmen at ^Ne^wark

airport after being forced do^wn in
Columbus, Ohio, in unsuccessful try at

new trans^continental ̂ f^light record.
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*sion," and their fate. That *Earhart might be
found on *Saipan was the subject of nervo^us
*pre-combat banter by the men in the landing
craft approaching its beaches. Whether Ear-
hart and *Noonan had flown aerial reconnais-
sance over *Truk was reportedly a subject of
wardroom conversation by carrier-based pil-
ots en route to attack it in 1944.

In the early 1960s, new information began
coming to light, leading to a new line of
speculation *. *. *.

From *Saipan. in the Marianas, came stories
of a white woman and white man. said to
have been flyers and spies, held captive by
the Japanese ^before the war. One eyewitness
even pinpointed the year of their arrival as
1937. The woman was thin, had short hair,
and was wearing men's clothing. Supposedly
she had died of dysentery in *Garapan. *Sai-
*pan's chief town. The man was presumed
executed *. *. *.

From the wreckage of an aircraft lying on
the bottom in *Saipan waters, a *Bendix-type
generator had been salvaged that perhaps had
been aboard the *Electra *. *. *.

And from a *gravesite. also on *Saipan.
remains, possibly *Earhart^'s and *Noonan's.
had been flown to the United States for
identification.

This new information was heady stuff for
anyone interested in mysteries or aviation. It
was particularly so for me. perhaps in part
because I once had some slight personal
contact with Amelia *Earhart. I had corre-
sponded with that gracious lady when she
was at the peak of her aeronautical career and
I was a teenager fascinated by everyone and
everything that ^f^lew.

^Most of this post-war information had
come to light through the extraordinary ef-
forts, energy, and persistence of Frederick A.
*Goemer. then of radio station *^KCBS in San
Francisco. Intrigued by what he had found
out, I arranged an evening meeting in Wash-
ington with him. I left it infec^ted with his
enthusiasm and ^believing that *Earhart and
*Noonan might very well have been ̂ f^lying a
spy mission, might have fallen into the hands
of the Japanese, and might have died on
*Saipan.

I decided to make my own investigation,
working from a vantage point w i t h i n the

^A^melia *Earhart ̂ wit^h Florence Klin^gen -
^smith, ̂ winner of the Ame^lia *Earhart T^ro-
phy Race.

Cr^e^w of the $^80,000 "flying la^boratory" L^o^ckheed Electr^o i^n ̂ Marc^h, 1^937, posin^g in
Oa^klan^d, California, before taking off for Honolulu on fir^st atte^m^pt at round-the-worl^d^

fli^g^ht. Left to right, ̂ Paul ̂ Ma^nt^i, Am^e^l^ia *Earhart, *Capt. Harry ^Manning, and Fred
*^Noonan, who disa^ppeared with her four month^s ̂ later on last le^g of ^second attem^pt.

weather service rather than, as *Goerner had
been doing, from outside. My motivation was
simple: I believed that if *Earhart and *Noonan
had given their lives for their country, the
nation owed it to them to recognize and
honor their martyrdom. Because I was unable
to find anyone in government vigorously pur-
suing the subject—after all . 1937 was a long
time before—1 undertook to search for the
answers myself.

Little could I foresee what the inqui ry
would involve. Against a background of Ja-
pan^'s fort i fying and closing her mandated
islands, the U.S. Navy's hunger for intel l i -
gence information about those areas, the in-
ternational competition for commercial air
routes across the Pacific, and the tales of the
*Electra having been possibly e^quipped with
cameras and unannounced higher perform-
ance engines (even swapped for another
plane), it was a formidable task to sort fact
from speculation. Later, when I got into the
subject of whether Amelia and Fred had been
on *Saipan, the search took some bizarre
turns. Before it was over, it would even
include the ̂ f^inding on the bottom of a frying
pan the name and location of a supposedly
key figure in the story—a figure, as it turned
out. who wasn't so key after all.

The search for information led me to a
variety of possible sources *. *. *. several mem-
bers of the wartime Office of Strategic Serv-
ices *. *. *. one Presidential candidate (Thomas
E. Dewey) *. *. *. three Marine Cor^ps comman-
dants (two of whom I talked w i t h personally
about *Saipan) *. *. *. one Vice President of the
United States (Wallace) *. *. *. one Secretary of
State (Byrnes) *. *. *. four members of Franklin
Roosevelt's cabinet *. *. *. one Fleet Admiral
*(Nimitz) *. *. *. Muriel *Morrissey (Amelia Ear-
hart's sister) *. *. *. *Noonan's supervisor while
with Pan American Airways *. *. *. curators of
libraries or document collections specializing
in Far Eastern subjects *. *. *. and. I suppose,
dozens of persons in government offices,
including the Departments of Interior. Army.
Navy^, Treasury, and Commerce.

There were others *. *. *. aviation people like
Eugene Vidal, one-time head of the Bureau of
Air Commerce, who knew Amelia *Earhart
well and told me that President Roosevelt
liked to call her ̂ "Little Lady" ... a retired
Brigadier General of the U.S. Air Force who
inqu i red for me whether any *Earhart or
*Noonan remains were housed in the ^collec-
tions of the Armed Forces Insti tute of Pathol-
ogy *. *. *. the represen ta t ive of the U.S.
Army's Quartermaster Corps who gave assur-
ances that the missing pair were not buried in
any national cemetery (she had been on the
lookout for that possibility herself for some
years) . . . the official of the Veterans Admin-
istration who checked to see if benefits had
been paid in the name of *Earha^r^t (an unsub-
stantiated report had it that ^she was commis-
sioned a major in the Army Air Corps before
her flight) *. *. *. and many more, including
Rosalind Russell, the *Tonie Carter of "Flight
for Freedom."

At no time did it appe^ar that any^one was
trying to be evasive or attempting to hide
behind the screen of "national se^curity" or
classified inf^ormation. In fact I d^on't remem-
ber discussing any classified m^atter at all.
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Allegations that the government is ^con^cealing
"the real fa^cts" about *Earhart an^d *Noonan
are without foun^dation in my experience and
opinion. What was surprising was that so
many people were n^ot only willing to help but
apparently *^w^unt^i'^d to d^o ̂ so if they had any-
^thing to offer. Except for no more than per-
haps ^a half-dozen, all of those contacted
^replied to my written or telephoned requests
for inform^ation.

1. therefore, concluded that there is no
cover-up being attempted of any of the fact^s^
concerning *Earhart and *Noonan.

1 also concluded that they were not on any
^kind of a spy mission for the government.

President Roosevelt would almost certainly
have known of such an assignment. If he did.
^none of his friends or colleagues whom I was
^able to locate had any recollection of his ever
having said anything to that e^ffect. It is a
recorded fact that he assisted in getting the
Navy to agree to refuel *Earhart in flight over
the Pacific (when she was interested in doing
that) and later in arranging for the airstrips to
be built to receive her at *Howland (after she
had changed her mind). The President's role
in her flight does not seem to have gone much
beyond that however.

According to Elizabeth *J. *Drewry, in 1964
Director of the Franklin *D. Roosevelt Li-
brary: " . . . There is no evidence in the
papers in this Library to substantiate the
stories that President Roosevelt planned any
part of the *around-the-world flight of Amelia
*Earhart. sent her on any sort of 'mission.' or
planned the attempts to find her *. *. *. There is
evidence of President Roosevelt's interest in
the search for Amelia *Earhart but there is no
record of any action taken by him."

Henry *Morgenthau, Jr.. Secretary of the
Treasury, reportedly shared Roosevelt's in-
creasing concern over the Japanese military
buildup in the Pacific. The Coast Guard was a
part of his Department and it was a Coast
Guard cutter that had been sent to *Howland
to home the *Electra in. If there was a secret
aspect to the flight. *^Morgenthau could well
have known. He advised me that he had no
information about any such mission.

From a veteran airman and friend. I gained
the following perspective:

" . . . I attempted to dissuade her from the
flight from its very inception. But she was
adamant. Her argument to me was that as a
result of the flight she could achieve financial
independence."

"At no time did any other consideration
enter the discussion of the flight. My objec-
tion to the flight was purely on the basi^s that
the equipment and ground support were inad-
equate to guarantee success. The mid-Pacific
target made the calculated risk a sheer gam-
ble, in my judgment.

"Amelia was a stubborn girl. Her very
stubbornness was a part of her genius. I often
kidded her about it. When she was so ada-
mant about making the trip, I attributed it to
that familiar stubbornness. It never occurred
to me that the trip might have any other
purpose than the one she stated."

The real clinchers, however, that there was
no secret mission came from two names
apparently overlooked by other investigators
into the *Earhart-Noonan puzzle. Harry Man-
ning was one. Charles Edison was the other.

Poorly remembered is the fact that Amelia
*Earhart—who would be in her late 70s today
incidentally—made not one, but two, at-
tempts to ̂ f^ly around the earth at the equator.
Both took place in 1937. Both involved her
Lockheed *Electra.

Her ̂ f^irst attempt was in a westbound direc-
tion originating at Oakland and crossing the
^Pacific via stops at Honolulu and *Howland.

^O^

^I

Earlier ill-fated attempt at roun^d-the^-^
^world ^flight ended i^n ̂ March, ̂ 1^937^, as
Amelia *Earhart's Lockheed *Electra
cra^shed on take-o^ff from L^u^k^e Field, Hon-
olulu. ̂ Photo at left sho^ws plane just after
cra^sh, with na^vi^gator *Capt. Harry ̂ Man-
nin^g (in white shirt^) clim^bing from wrecked
plane. Later disassembly and re^p^air work
sho^wn ^below.
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She was to take along two expert navigators:
Frederick *J. *Noonan and Captain Harry Man-
ning. *Noonan would leave the ̂ f^light at How-
land and return on the Coast Guard cutter
that would be there. Mannin^g, on leave from
the United States Lines, would navigate the
*Howland-to-New Guinea leg, the leg on
which any secret reconnaissance of Japanese
forti^f^ications would have taken place.

But the westbound crossing of the Pacific
was not to be. The run from Oakland to
Honolulu went beautifully. On takeoff for
*Howland, however, on March 20, 1937, the
silvery twin-engined plane ground looped,
severely damaging its undercarriage and a
wing.

Immediately *Earhart and her husband since
1931, George Palmer Putnam, arranged for
shipment of the *Electra to Lockheed for
repair. In May she was ready to go again this
time west-to-east. This time with only one
navigator, *Noonan. Manning had had to re-
turn to his ship.

Only two months had elapsed between
*Earhart's unsuccessful takeoff for *Howland
from Honolulu and the start of her second
world ̂ f^light. If she was intending to scout the
Japanese mandates on her *eastbound trip, it
is logical to assume she had been also plan-
ning to do so on the earlier westbound. What
better person to ask about her intentions in
that respect than the man who was to have
navigated her over that particular part of the
route?

I located Harry Manning, retired and living
at the New York Athletic Club. In a brief
handwritten note, he said: "I am positive
there was no government influence or mission
of any sort *. *. *. she, or rather we. had no
official or uno^ff^icial spying mission in mind."

Charles Edison was another man who
should have known, particularly if she had
been on a mission inspired or arranged by the
Navy. The son of the famous inventor, he
was Assistant Secretary of the Navy at the
time of the flight and later became Secretary.

According to Edison: "One thing I can say
is that I am satisfied Amelia *Earhart was not
^f^lying on any Navy mission. The matter was
thoroughly discussed at the time and no one
with whom I talked in the Navy mentioned
any mission that she might have been on. The
Island of *Truk was being fortified by the
Japanese in violation of treaties and the Navy

Route of last fligh^t^, starting ̂ May 20, 1939, in Oa^klan^d, California, an^d pro^ce^e^din^g^
aroun^d th^e glo^be through July 2, ̂ when ̂ Am^elia *Earhart ̂ Put^nam and Fred *^Noonan too^k^
off fro^m *Lae and di^sappeared ̂ some^wh^ere in the ^Pacific on the wa^y to *Howland I^sland.
Below^, the Coast Guard Cutter *Itasca join^ed in the un^successful search for ^the
intrepid *aviatrix and her navigator.
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wa^s very much interested, of course, in ^f^ind-
ing out more about Japanese operations in the
^surrounding islands, but we were always
careful not to cause any incident . I feel
certain that Amelia *Earhart's ̂ f^light was for
some purpose of her own."

To my mind, Harry Manning and Charles
Edison, both now deceased, provided enough
information to decide once and for all the
question of secret ̂ f^light or no secret flight.
Furthermore, if it had been the former, why
did not George Palmer Putnam, who managed
his wife's business affairs and flight arrange-
ments, come out sometime before his death
(about 1950) and say so? He. too. would
certainly have known. But. as far as I could
learn, this publicity-conscious and promotion-
ally-minded man never did so. He is said to
have spent considerable t ime and money
trying to learn his wife's fate. This included
visiting *Saipan.

*Saipan, again and again the tra^u seems to
lead to that hilly island. 14 miles long and 2 to
^5 miles wide in the Marianas. Were *Earhart
and *Noonan ever on it? Did they die as
prisoners there?

I was never able to get satisfactory answers
^to those questions, even though Fred *Goerner
helpfully kept me informed of developments
concerning them. (He made at least four trips
to the Central and Western Paci^f^ic to try to
^search them out.)

Lead after lead, clue after clue, seemed to
fall apart. The aircraft generator was found to
^have metric-sized threads and bearings made
in Japan. The remains that had been e^xhumed
^and flown to the States were identified as
those of *Saipanese natives. A pi^cture ^or pic-
tures of *Earhart in the company of Japanese
officers had allegedly been found on the is-
land but no copy ever survived. What I
though might prove the most tangible clue of
all—a book in whi^ch the mysterious white
woman prisoner on *Saipan was supposed to
^have written something for a young girl—
turned out to be a blind alley.

So it went, until, in my opinion, the only
^r^emaining viable clues were the eyewitness
^r^eports of persons seen resembling the miss-

ing pair. One of these accounts, the first, wa^s^
apparently volunteered and not ^"suggested"
as a result of anyone asking questions. How
many others. I wondered—and still wonder—
had been offered in anticipation of reward or
to tell the questioner what the informant
thought he wanted to hear?

The action, in this manner, was a *half-a-
*world away from Washington. Most of what I
learned of *Saipan reached me secondhand at
best. Not all of it however *. *. *.

In 1964 *ihe U.S. Naval Ins t i tu te PRO-
CEEDINGS published for me a request for
information from U.S. Navy or Imperial Jap-
anese Navy personnel concerning events that
period of July 1^-2. 1937. I received only one
reply, but it was startling.

It put me in direct touch with a former
Army technical sergeant who had been on
*Saipan following its capture. While there, a
native woman had pointed out to him an
unmarked grave where, so she gave him to
understand, were buried a white man and
woman who had come from out of the sky.
His information had apparently been the basis
on which the remains had been recovered
that were sent to America.

I was fascinated by what he told me. Even
more so. when he said he had seen the
famous *Electra in a hangar at the former
Japanese airfield, *Aslito, on *Saipan. "You
mean you actually saw the *Earhart plane?" I
asked him. He replied by telling me he could
remember the first letters or digits of the
registration number painted under the wing.
He recalled, too. seeing the words Hamilton-
Standard on the pro^peller blades. An incredi-
ble story, made all the more incredible when
he added that he had later watched that same
aircraft being doused wi th gasoline and
burned.

To this day, I cannot reconcile his story
with the other *Saipan information I possess.

In 1966. *Doubleday and Company pub-
lished Fred *Georner's "The Search for Ame-
lia *Earha^r^t." In it he concludes that she had
scouted *Truk. missed *Howland, and back-
tracked to try to pick up the British-owned
Gilberts. He believes she did find land but

^I^n memor^y of Amelia *Earhart, a lighthouse ̂ was built on *Ho^wland Island, near the spot
^w^here she ̂ wa^s belie^ved to ha^ve disappeared. The Director of the *Howland Territory,
^Er^nest *Gruening, lays the cornersto^ne in January, 1938.

that it turned out tragically to have been the
Marshalls instead. After *crashlanding there,
she and *Noonan were picked up by the
Japanese and later removed to *Saipan where
they were held until they died. *Goerner does
not mention it in summarizing his ̂ f^inding^s but
conceivably their plane could also have been
transported to *Saipan thereby accounting for
the Army's sergeant's claim to have seen it
there.

My own conclusion is that there is no hard
evidence of any kind—to support a finding
other than that the *Electra simply ran out of
gas and its pilot and navigator were lost at
sea.

A weather analysis, prepared by a Navy
meteorologist in Hawaii, showed severe
weather and strong headwinds between *Lae
and *Howland at the time of the flight. One of
*Earhart's few radio messages mentioned
"overcast," meaning that *Noonan may have
been unable to take celestial fixes.

In the absence of positive evidence to the
contrar^y, I now believe that the flight ended
when the tanks of the *Electra went dry and
the 550 horses of each of its Wasp engines
were stilled.

Yet there is the na^gging question of those
eyewitness reports *. *. *. certainly not strong
evidence *. *. *. but strong enough to keep the
door open to the possibility *Earhart and
*Noonan were captured by the Japanese.

It was her friend Eugene Vidal, 1 believe,
who told me, as *Goerner suggests, that her
plan was to retrace her ̂ f^light path and try to
find a landing place in the Gilberts if she
couldn't locate *Howland. If she did this and if
she was north of her projected track, she
would have ended up in the Marshalls. And
that's why one particular report of her being
seen there is of special significance.

This information came to light through a
former U.S. Navy officer who was a member
of the military government established in the
Marshalls after American forces landed there
in 194^4. This officer, now a Washington,
*D.C., attorney, was told by a native, consid-
ered highly dependable, that before the war a
plane had landed in the ^Marshalls and that a
woman flyer, a white woman, had been
picked up and taken away by the Japanese.
This native said nothing about the woman
having had anyone with her. He was repeat-
ing only what he had been told by a Japanese
who was presumed dead by 1944. *Thirdhand
information this was, but potentially signifi-
cant enough to keep alive the thought that
*NR 6020 might have come down in the *Mar-
*shalls-and that its wreckage might even still
be there today.

Time is running out. The trail of Amelia
*Earhart and Fred *Noonan is growing cold.
Additional information will become increas-
ingly difficult to come by. Yet the quest will
go on and on.

Amelia *Earhart was more than America's
most famous woman flyer. She was, in her
day, *^^he most famous woman in the world.
The possibility of being the one to solve the
mystery of her disappearance is tremendously
appealing. Publication of these observations
will , it is hoped, minimize future speculation
and direct the efforts of tomorrow's investiga-
tors into the most promising areas. D
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*O^WU^E *S^KY^WAR^N^'5
LIFE*-^5A^VIN^6^-T^IPS

^RIPCUR̂ R̂ Ê NT̂ ;
WAT^E^R *^/^AOV ÎN<^* O^UT F^RO^M THE

BEAC^H ^US^UAL^L^Y IO^-^20 F^E^ET ^WIDE^.^
^W^HEN W^ATE^R M^O^VES

TH^E B^E^ACH^,

A ^R^I^P C^U^R^R^E^NT
*^N^M^GHT *^P^6^V^E^LO^P ̂ ».

T^H^E *U^N f̂̂ c O^F
^(^S

W^HE^N T^H^E ^UN^E Î S BROK^E^N ,̂̂

T̂ HÊ RE *Г̂ ЛА^Ч ^B^E ^A f̂̂ t̂ » ^P CU^R^R^E^NT.
*T^HÎ 4 Î S ^A f̂̂ t IP *C^U^R^R t̂̂ NT^-^

S^U^R F̂ ÎS *^US^OALL^X LOWE^R *.*
*^N^V^A^Y ̂ B^E *S^W^VALL *C^^O^P^P^V ̂ W^AV^ES

*T^H^f^c^RE *^МА^Ч ̂ B^E ̂ S^E^V^E^RA^L^.

*^R îPS O^N *т^н^е ^S^A^M^E *^в^е^лс^н *.

*T̂ H 6̂̂ Y *̂ /̂ AAY CO^M^E ^A^ND *̂ 6O .̂
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*^w^f^t^t ̂ M ̂ А *^Я^/Р
*W^K^6^N F^E^ET TO^UC^H ^BOTTO^M
*^чо^о *^F f̂̂ e^e î̂ . *T^H^W ̂ TH^E BOTTO^M îs
T^O^WA^RD ^S^HO^RE.
*̂ Xo^u ^FÎ MO *̂ XO^U '̂̂ R^E ^F^A^RT^HE^R O^UT
*^чоо *^Е^х^?^е^с^.т^е^о то ̂ B^E *.
*^YO^O *^A^R^£ ̂ MO^V^I^N^G ̂ P^A^ST^E^R *Т^Ц^Л^Ы

T^H^E O T̂̂ H^E^R S^WI^M^M^ER^S^-

WHAT T^O DO A^N^O W^H^AT ^NOT T^O *^P^Q

^1 .̂ ^D^O^NT ^PA^NIC 2 .̂ ^R^ELA^X * \̂

*^3^. *^PONT *^F^I^6^HT *T^H^E *C^U^R^R^ENT
*I^t *^W^I^LL *T^I^R^E *Y^O^U

*DO *^WOT *T^f^t^Y *TO
*TH^g *S

*^5^WI^H *^F^A^RAi^-L^gL. *TO *T^H^E

*^YO^U^'LL *^S^O^O^N *^B^E *OUT *OF *TH^E *C^U^R^R^E^NT^.^.

O P̂̂ » *L f̂̂ cT ТИ^С *̂ с^и з̂̂ Д^б^ЫГ *CA^R f̂̂ t̂ t ŶO^U OUT.

*ТИ^6 *^C.^U^f^c^f^t^,^e^N^r ̂ E^N^D^S ̂ QU^IC^K *^L^.^4

A^M^D Т^и^с. *v̂ vAT^E^a. ^и^ли »̂ *̂ f̂ t̂ c
*^5^t^V^I^M *^S^COV î̂ / î̂ -^V *^р^А^ЛА^а^-^U^f^e^c^. To

*T^O^WA^A^O *тне

^N^E^V^E^R *^SW^M ̂ ALO^N^E!
*^?^в0^01^£ *A30^UT

^N^CAA ̂ Magazine July 1977 31



Looking for trouble at

E
CLEANEST PLACE

NTH E WO^RLD
By JOAN *VANDIVER FRISCH

*^f"^W^"^l HE sun shone brightly on the stark
landscape a^s Wil l iam *E. *Cobb peered

*^Л^. out the Hercules *C-130 aircraft 's
small window. The *NOAA scientist wanted
to get a better view of his adopted *"home-
*away-from-home"—9.000 miles from the
more familiar surroundings of Boulder. Colo-
rado.

Some changes has occurred since he last
set foot in Antarctica—the colde^st, highest,
and windiest continent on earth. Gone were
the clusters of makeshift wooden and metal
huts, half submerged by blowing snow, which
had housed scientists from around the world
in years past. In their place was a 60-foot (20-
meter) high geodesic dome and bright red
skylab, completed two years ago. to replace
the original structures which had ̂ f^inally suc-
cumb^ed to the relentless force of deepening
snow and now lie buried 30 feet (10 meters)
below the surface.

During the past summer season, a new
building called the Clean Air Facility was
constructed a few hundred meters upwind
from the main camp. The structure was de-
signed to house various air monitoring pro-
gram instruments including atmospheric elec-
tricity sensors.

"Except for occasional bursts of aircraft

*•^':•

exhaust during the short austral summer, the
new facility provides the cleanest air monitor-
ing site in the world," says *Cobb, a meteorol-
ogist with the Environmental Research Labo-
ratories' Atmospheric Physics and Chemistry
Laboratory.

"We are here because the polar plateau
provides an ideal environmental monitoring
site. Absence of man-made aerosols, daily
cycles, and radioactive soils are all desirable
for long-term atmospheric electric measure-
ments."

In fact, according to *Cobb, there are few
places left on this planet where the in^f^luence
of mankind on the local atmosphere has not
become a disturbing factor. For this reason
he considers the South Pole the premier
"clean air" site in the world.

"If measurements are made which indicate
a significant change in conditions such as the
level of suspended *particulates in the environ-
ment of the South Pole, our ultimate clean air
site, then there must be a real cause for
concern for the impact of these floating parti-
cles on the global climate," *Cobb says.

According to the *NOAA scientist, it is well
known that certain aspects of atmospheric
electricity, especially conductivity, monitored
at sites remote from sources of pollution or

other local influences, can be interpreted as
an index of the *particulate burden of the
atmosphere.

For this reason scientists with the Atmos-
pheric Physics and Chemistry Laboratory
have made atmospheric electric measure-
ments at mountain tops in the continental
United States, from *^Mauna *Loa Observatory
in Hawaii, and from *NOAA research vessels
in mid-ocean to obtain a reference standard
or "atmospheric benchmark."

When the opportunity arose, it was logical
to establish a similar data reference for the
frigid South Pole. As a result the South Pole
Atmospheric Electric Program, supported by
*NOAA and the National Science Foundation,
was born and is now in its fourth year of a
^f^ive-year project.

"We hope that the South Polar environ-
ment is representative of natural conditions
which have existed there for centuries and
not yet altered by mankind's activity on this
planet," *Cobb says. "By establishing the
electrical state of the South Pole environment
now, we can determine what changes may
occur in the atmospheric electric climate in
the future."

Besides benchmarking the atmosphere's
electric climate on the polar plateau, the other



major objective of the South Pole Atmos-
pheric Electricity *Porgram is to investigate
those processes which control and maintain
the ̂ f^low of electrical current between the
^earth and the ionosphere. (The ionosphere is
an invisible atmospheric shell of electrically
charged particles which envelops the earth
from 50 to 650 miles above the planet.) *Cobb
and his colleague *F. James *Holitza, an *APCL
physicist, made the trip to Antarctica this
past January to install new sensors near the
Clean Air Facility for monitoring the electric
field air-earth conduction current and the
electrical conductivity of the atmosphere.

^In addition to surface mea^surements, *Cobb
and *Holitza made balloon observations of the
air-ea^r^th current density with the similar ob-
jective of establishing an upper atmosphere
benchm^ark. Working amid temperature highs
of between minus 12 and minus 18 degrees
*Fahreheit, the *NOAA scientists daily re-
leased radiosonde instruments with 325 foot
(100 meter) long antennas and miniature elec-
trometers, capable of detecting the small cur-
rent continuously flowing to the earth. The
balloons frequently rise to more than 20 miles
(35 kilometers) above the earth, providing an
air-earth current profile through the strato-
sphere. The current flow is sensitive to aero-
sol conditions since the electrical lines of
force will halt when they come in contact
^with dust particles, ice crystals, and rain-
drops. Aerosol particles which are either
transported to, or formed within, the strato-
sphere—the *weatherless region of the atmos-
phere between five and 50 miles above the
earth—have suspended lifetimes much longer
than for particles in the troposphere, or lower
atmosphere.

"It is important to document the existing
state of the stratosphere as fully as possible
now so that future changes may be detected,
changes that might follow widespread use of
^the supersonic transport aircraft in future
years," *Cobb explains.

While the application of electrical measure-
ments at the South Pole to aerosol pollution
are a prime concern, *Cobb and his co-work-
ers are equally aware of the interesting results
obtained concerning world-wide aspects of
at^mospheric electrification.

"The global concept of atmospheric elec-
tricity, according to the most widely accepted
hypothesis, i^s that which views the earth and
the ionosphere as highly conducting surfaces
separated by an imperfectly insulating atmos-
phere," *Cobb says. The ̂ f^irst observations of
atmospheric electricity, which helped lead to
this hypothesis, were done by scientists in the
18th century. They concluded that the earth
^was negatively charged and that a positive
current was continuously ̂ f^lowing to the earth
in fair-weather areas. Thi^s belief raised what
has become one of the most impo^r^tant prob-
lems of atmospheric electricity: How is this
^negative charge on the earth maintained^?

The same hypothesis also concludes that a
flow of positive current from the earth to the
ionosphere exists where thunderstorms are
occurring. Since there are 1.500 to 2.000
^storms cont inual ly in motion somewhere
^around the globe, they act as a large genera-
tor which controls and maintains the "global
^electric circuit" and returns to the ionosphere

Amundsen-Scott Station—Pole Station, a^s^
it i^s ^better kno^w^n—atop the ^wo^rld'^s ^high-
e^st, colde^st desert, hou^ses *^NOA^A clean
air monitorin^g site, other scientific projects.

the positive charge received by the earth in
fair-weather areas.

Con^f^irmation of this hypothesis, according
to *Cobb, has always been difficult because
the ^worldwide thunderstorm act iv i ty has
never been adequately determined, and be-
cause global effects at most measuring sites
are masked by local in^f^luences on electrical
measurements.

"Fortunately these disturbing in^f^luences
are not a problem at the South Pole, and the
detection of global effects is made easier."
*Cobb says.

Results of the research conducted by *Cobb
and his colleagues indicate that surface meas-
urements of both the electric field and the air-
earth current density at the South Pole sup-
port the global thunderstorm theory. The
mean value of the air-earth current will some-
times double from one day to the next. Since
it is not likely that global thunderstorm activ-
ity could double from one day to the next,
there must be additional factors which in^f^lu-
ence the global electric circuit.

Evidence is now emerging from the contin-
uing data analysis to indicate a solar-terres-
trial correlation in the South Pole measure-
ments. Detection of direct sun-earth links is a
possibility at the South Pole since particles
carried by the solar wind are *funneled to the
lower legions of the atmosphere in polar
areas.

"The in^f^luence of the solar wind upon the
global circuit current or upon thunderstorms
which are imbedded in the circuit is not
known or understood." *Cobb explains. "But
the importance of investigating such interac-
tions is obvious since a significant portion ^of
the earth's rainfall is derived from thunder-
storm precipitation."

Establishing an environmental benchma^rk
of atmospheric conductivity now in order to
detect changes in the global atmospheric ele^c-
tric climate in subsequent years has furthe^r^
applications. "For example." says *Cobb.
"there is at present considerable interest
among atmospheric electricians as to what
extent the release of krypton 85. a radioactive
gaseous by-product of nuclear fission, will

affect the electrical state of the free atmos-
phere over the next few decades."

Krypton is released to the atmosphere in a
controlled manner from nuclear electrical
generating plants and within the limits estab-
lished by the Energy Research and Develop-
ment Administration, and is not considered
biologically hazardous to animal or plant life.
But because of the projected increase in
nuclear power stations and the characteristics
of krypton 85, scientists have calculated that
the *ionization level in the atmosphere will be
significantly increased during the next 50
years. Calculations based on the predicted
release of krypton 85 indicate the increased
*ionization due to the *readioactive element will
decrease the columnar resistance between
earth and the ionosphere by about 15 percent
if the accumulation of krypton is allowed to
reach one percent of the maximum permissi-
ble concentration now permitted by *ERDA.

"If the predicted release of krypton 85
occurs, which will be distributed throughout
the atmosphere in less than three years, then
the possibility of the following chain of events
should not be ignored," *Cobb warns.

^Krypton 85 will increase the small-ion con-
centration in the atmosphere, thus increasing
the conductivity and reducing the columnar
resistance between the earth and the ionos-
phere. The reduced columnar resistance will
result in an increased global circuit current,
the positive polarity current that flows to the
earth in fair-weather regions, and returns to
the ionosphere in thunderstorm regions. The
increased electrical current flowing through
thunderstorms may enhance the processes of
^charge separation and droplet coalescence
and on a global scale, the product of thunder-
storm precipitation.

"Our present knowledge is insufficient to
predict whether or not changes in the radioac-
t ivi ty and the electrical structure of the at-
mosphere will result in climatic changes,"
*Cobb explains. "It is generally agreed, how-
ever, that environmental radioactivity, atmos-
pheric electricity, and *inadevertent weather
modification are not independent entities."

The application of the atmospheric electri-
cal methods by *Cobb and other scientists will
help in investigating some of the physical
processes occurring in the earth's atmos-
pheric envelope, and problems which will
surely face coming generations on this planet.
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In action over
the entire earth

*^I^~^1OR about $300 and some spare-time
^•^1 labor, David Farmer and his *sone

*•^*• George daily enjoy one of the greatest
shows on earth—^юг rather, over the earth.
They view the sweep of frontal systems and
storms bearing down from the West, hurri-
canes on the East and Gulf Coasts, the Hud-
son Bay icepack, and the rest of the hour-by-
hour drama that const i tutes America^'s
weather—all from the basement of their home
in *Niles, Illinois.

The Farmers are among the 800 or more
persons—weather buffs and professionals
alike—who receive pictures continuously
from orbi t ing environmental satel l i tes in
space. The father and son built their set by
modifying an old Western Union fac^simile
recorder they bought for $15, and adding a
*homebuilt receiver and antenna. Admittedly,
their pictures aren't as sharp as those re-
ceived on commercial gear (which sells at
prices up to $45,000), but the Farmers are in
it for fun.

For others, and for most APT users, it's
serious business.

Gerry ^Kennedy had a more compelling
reason for obtaining his first weather pictures
from space. He was an electronics specialist
on a British icebreaker in the Antarctic at the
time. His ship was surrounded by ice. Co^m-
munications were garbled. Information on
weather and sea ice conditions were virtually
non-existent. Without such information, it
would be difficult to extricate the ship from
the ice and avoid or prepare for storms which
might be encountered enrou^le back to base in
the Falkland Islands. Partly as a challenge,
partly out of desperation, the skipper asked
^Kennedy if he could build a system "to copy
pictures from one of those weather satellites
orbiting overhead."

Kennedy accepted the challenge. He
adapted a shipboard receiver and display de-
vice, and fashioned an antenna out of coaxial
cable wrapped around a wooden keg. With
this, he received four clear pictures of their
operating area—sufficient to select a safe
passage out of the ice and to ascertain that no
major storm^s were headed their way, at least
for the next several hours.

More pictures could have been received on
subsequent orbits had not the antenna, which

Robert *Popham i^s Coor^dinator of Satellite
Direct Rea^d^o^ut Service^s at the ^National En-
^vironmental Satellite Ser^vice.

Workhorse
In Space
By ROBERT W. *POPHAM

A^PT ^station a^ssemb^led in *Ni^les, III., home of David and Geor^ge Far^mer—a ̂ $300
^inve^stment that brin^gs them continuou^s sate^l^lite photo^graphy, and hours of fun. ^(Oppos^ite)
Geor^ge Farmer adju^sts antenna of his APT receiver.

maintained its rigidity in the early morning
sub-zero temperatures, "wilted" as the sun's
rays struck it.

The direct readout imagery that Farmer
and Kennedy acquired are pa^r^t of the Auto-
matic Picture Transmission (APT) services
provided by polar orbiting spacecraft oper-
ated and managed by *NOAA's National En-
vironmental Satellite Service. A High Resolu-
tion Picture Transmission *(HRPT) service
and a Direct Sounder Broadcast *(DSB) serv-
ice also are provided by the current series of
polar orbiting *NOAA satellites, but require
more sophisticated ground equipment than
that needed to receive APT images. In addi-
tion, geostationary satellites—both "old" and
new—provide broadcasts which can be and
are acquired on relatively inexpensive ground
equipment bui l t and operated by US and
overseas government agencies, commercial
organizations, academic inst i tut ions, and
even private citizens.

The most popular, most numerous, and
most familiar of these is the APT service. It
was init ia l ly provided by a TV camera and
communications sub-system designed and
built by NASA and RCA for testing aboard
an experimental weather satellite, TIROS
V I I I , launched in ̂ Decem^ber 1963. The Serv-
ice was intended as a low-cost method of

providing high speed, global dissemination of
satell i te imagery. Prior to this, the cloud
information in pictures from earlier TIROS
experimental satellites was extracted by sci-
entists who drew cloud-depiction maps, *("ne-
*phanalyses") labeling cloud forms, features,
and patterns according to a code devised
specially for this purpose. Transmitted on
already overcrowded surface facsimile net-
works, these *nephanalyses f r e q u e n t l y
reached major U.S. forecast offices too late
to be used in forecast preparations.

Several APT ground stations were estab-
lished in 1963 throughout the United States
and aboard the aircraft carrier *USS Saratoga
to receive and evaluate picture reception
from TIROS V i l i . Additionally, details of
ground station construction were provided to
in^terested foreign nations, a practice that con-
tinues today. Before TIROS VIII failed three
years later, 13 APT stations in seven coun-
tries had copied real time satellite images via
direct APT readout.

By the end of 1972, nearly 500 APT sta-
tions in 74 countries were receiving imagery
from polar-orbiting satellites. At one time, the
National Weather Service operated 11 sta-
tions in the contiguous United ^States, one on
*Kwajalein, and one aboard the *Glomar Chal-
lenger, engaged in the Deep Sea Dril l ing
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Project. This shipboard unit is still being used
to great advantage; the others have been
deactivated because of improvements in the
quality and quantity of satellite imagery, and
of surface communications systems for dis-
seminating them, within the U.S.

Although the number of *NWS-operated
APT stations has dwindled, both the Air
Force and the Navy maintain many APT
stations in the United States and abroad.
Shipboard units have played a major role in
preventing damage due to storms and in in-
creasing the effectiveness of o^perating forces.
For example, at least one aircraft carrier was
able to avoid two major storm^s *enroute back
to the U.S. from southeast Asia in 1973.
Neither had appeared on weather charts
available to the ship's meteorologist. (In the
late *1^%0's this same vessel encountered an
unmapped storm which caused several
hundred thousand dollars in damage and put
the ship out of operation for several weeks.)
Weathermen on another carrier, operating
with NATO forces in the western Atlantic,
were able to discern the limits of a huge fog
bank that had virtually immobilized aircraft
operations, and thus were able to direct the
ship and support forces to a clearer ope^rating
area.

An NWS meteorologist aboard the *Glomar
Challenger, analysing imagery obtained from
an *on-board APT unit, advised the ship's
captain of the approach of a storm which had
not been indicated on facsimile weather
charts received by the ship. A few hours later
the storm struck with 60 miles per hour winds
and high waves—but not before several thou-
sand feet of drilling pipe, costing $43 per foot,
had been recovered from the sea and stored
on board.

Many other vessels, including *NOAA's
*Oceanographer, the Coast Guard icebreaker
Glacier, and a Royal Navy aircraft carrier
have had, or still carry, APT units on board.
Ships of other nations also are equipped with
this valuable weather observation tool.

As varied and numerous as shipboard ap-
plications may be, examples of data acquired
by land based systems far exceed this num-
ber, as, of course, do the number of land-
based stations.

In Finland, for instance, an inventory of
deciduous forest cover was undertaken using
APT imagery, and results, when compared
with aerial photo reconnaissance of the same
areas, varied by only five percent from those
obtained by aircraft. While the aerial survey
required six years to accomplish, that done
by satellite took only a single winter season
with a few excellent, cloud-free images. Simi-
larly, fishing and logging activities in French
Guyana, where monsoon-type rains can
quickly transform peaceful rivers into swollen
torrents, have *bene^f^itted from APT imagery
used by the nation's meteorological service in
forecasting such storms. Major systems that
produce heavy flooding can be readily ob-
served in APT images.

Individuals cloud forms a^ssociated with
l ightning—cumulo-nimbus clouds *(CB's)—
cannot be identified in most APT pictures,
but frontal systems, which often contain
*CB's, can. The forestry services of Canada
and Australia use APT images to detect the
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presence and forecast the movement of such
systems, enabling them to direct aerial sur-
veil lance—a key weapon in forest fire
suppression—to areas where the probability
of lightning-started ̂ f^ires is greatest. And on
tiny Tonga, where the entire copra crop was
destroyed just prior to harvesting by an *un-
*predicted Pacific storm, two Peace Corps
volunteers were reported to be building a
simple APT ^station to give early warning of
such storms in the future.

Locust control efforts in no^r^thern Africa
and the ^Middle East, weather modification
activities in the *Sahel drought zone, weather
and océanographie research oriented to the
Peruvian anchovy and guano industries, land
mapping in western Africa, and crop surveil-
lance, bird migrations, and sea ice reconnais-
sance in Canada—these and many other ac-
tivities have been greatly assisted by the APT
service.

Perhaps the most publicized use of APT
imagery involved a small Mexican city and a
partially completed dam. Officials feared that
a dam under construction near the city of
Gomez *Palacios would not be able to hold
back an expected deluge, if rain from a storm
^system approaching Mexico from the Pacific
were to fall in the watershed area behind the
dam. A decision had to be made regarding
possible evacuation of the nearly 100.000 peo-
ple in the city and areas below the dam.
Mexican meteorologists predicted—on the
basis of APT pictures of the storm—that the
storm system would weaken and take a more
northerly course, and that the dam would
hold the small amount of run-off expected
upstream. Their predictions, for tunate ly ,
proved correct.

The World Meteorological Organization,
recognizing the important role that a rela-
t ively simple, low cost APT station can play
in the forecasting efforts of many nations, has
encour^aged each of its 133 member states and
12 trust territories to establish at least one
direct readout APT station. Thus far, 123
countries and territories have established
APT ground receiving terminals, with more
than 350 known APT stations being operated
by government, civilian, and military agen-
cies.

NESS maintains and operates the U.S.
satellite system, of which the direct readout
services are a significant pa^r^t, and attempts to
keep a station directory an^d mailing list of all
APT stations. This enables NESS to inform
station operators about developments that
could affect them, such as new satellite
launches, instrumentation changes, sub-sys-
tems fai lures, and product and schedule
changes. Additionally. NESS helps scientists
and others who may need to know if a
satellite readout station or stations exists in a
g iven area. During the recent *Sahel ian
drought, the *WMO. working closely with the
United Nations, needed to know which APT
stations might be able to help locate and track
cloud forms conducive to artificial rainfall
s t i m u l a t i o n (c loud seeding) efforts. The
names, locations, and operating agencies of
all known stations were provided by NESS.

At least 95 academic ins t i tu t ions—high
schools, colleges, universities, maritime and
are actively engaged in some aspect of the

E^quip^me^nt u^se^d lo receive Hi^gh Re^solution Picture Tra^ns^mission *(HRPT) images (to^p).
^Not a home wor^kshop project, this capability is no^w p^ossesse^d ̂ by at least II nations, and
more than 20 other^s are bein^g planne^d. Image (below left) recei^ved b^y Scotland's Dundee
University shows virt^ually cloud-free United Kin^gdo^m. Hurricane Belle image ̂ (below right)
was recei^ved ̂ by Lou Follet of ̂ New Jersey.

satellite direct readout program. For mem-
bers of some of these institutions, constr^uc-
tion of an APT ground station means ̂ "hands-
on" experience in building and operating a
useful item of electronics hardware. In the
University of New Hampshire Engineering
Department, it goes further; a student project,
which had as its purpose construction of
equipment that could meet the objectives of
the Sea Grant program, may help states as-
sess, tap and manage their marine resources,
and aid the development of new knowledge to
advance the marine sciences and related tech-
nologies.

At Ambassador College in Great Britain,
students built an APT station and provided
images to TV stations, newspapers, other

schools, commercial ̂ f^irms, and special Ency-
clopedia Britannica re^ports.

Radio "hams", scientific observations. TV
stations. Explorer scout posts, a U.S. Civil
Defense Uni t , a Civil Air Patrol Uni t , and a
number of private electronics or weather
firms constitute the 500 or so members of the
known non-government community of APT
enthusiasts. The *Nuffield ̂ Radio Astronomy
Laboratories *(Jodrell Bank) in the United
Kingdom and Griffith Observatory in Los
Angeles, each maintain an APT station. Sta-
tion *KATU-TV in Portland. Ore., is one of
several TV stations across the US that have
received satellite imagery directly and broad-
cast it to viewers. A high school Science Fair
exhibit won Conrad *Baranowski a one-year



^scholarship to the Worcester *Polytechnical
Institute. Pictures of the March 1971 eclipse,
hurricane Cleo and other storms, recorded on
APT equipment housed in a converted tool
shed in Aubrey Burton's Richmond. Va.,
b^ack yard, have been seen on local TV and in
area newspapers. An ophthalmologist in Pas-
adena. Calif., won't ̂ f^ly his private plane on
long trips without a recently-acquired ^satellite
photograph in the cockpit with him. and a
professor of botany is the author of the most
c^omprehensive, recent report on APT satel-
lite ̂ ground construction.

At least 14 manufacturers—six in the
United States—produce and market APT
ground stations. Automatic tracking, image
enhancement^, and other ancillary features are
available. Most government agencies have
purchased their equipment from these manu-
facturers, but a few countries—Brazil. India,
and Japan among them—construct their
equipment locally. Popular articles appearing
in Scientific American. 73 Magazine, *QST.
Electronics, and other publications in the
United States. Canada, the Netherlands, and
Italy provide much of the information a ham
radio operator needs to build an APT station.
The U.S. Government—and NESS in partic-
ular—supplies copies of, or references to.
many of the documents needed to build any
of several types of satellite readout stations.

Probably the most popular article of this
type was ^"Weather Satellite Picture Receiv-
ing Stations—Inexpensive Construction of
Automatic Picture Transmission Ground
Equipment" (NASA *SP-5079), published in
1^968 and up-dated in 1969 *(SP-5080) to re^f^lect
changes in the system needed to acquire
images from a Scanning Radiometer, pres-
ently the primary APT instrument. C. *H.
*Vermillion recently has produced a later re-
^port which describes in detail a digital scan
device for improving image displays. His
early re^ports were, and still remain, the m^ost
authoritative sources of instruction to novice
designers and experienced electronics engi-
neers alike on the subject of APT ground
^st^ation construction and operations.

APT is not the only direct readout service
provided by earth satellites and available to
interested "customers". The current series of
N^CAA satellites also provide High Resolu-
^tion Picture Transmission *(HRPT) and Direct
Sounder Broadcast *(DSB) services, as will
future polar-orbiting spacecraft. Acquisition
and use of *HRPT and *DSB data require
expensive, sophisticated ground hardware for
^signal reception and processing. At a cost of
$200,000 to $300,000 per station, it is highly
^unlikely that any will be found in someone's
basement.

*HRPT services are of special in-
terest. While the high resolution of these
images (one kilometer) is somewhat poorer
^than that available elsewhere, the service is
less subject to operational va^garies, and infor-
^mation for constructing an *HRPT station is
^readily available from NESS. *Landsat, oper-
^ated by NASA for the Interior Department^,^
^has a much superior ground resolution (100
^meters), but its nine-day revisit cycle does
^not lend itself well to operational activities
^requiring a more frequent observation sched^-^
ule.

At least 11 countries now have the capabil-
ity to receive *HRPT imagery from the polar
orbiting *NOAA^-5 satellite. India's Space Re-
search Centre will have an operating *HR^PT
station before mid-1977^. and at least two
others may be established by the Indian Me-
teorological Ser^vice before 1980 to support
monsoon experiments. At least 25 other na-
tions are either planning or procuring *HRPT
stations.

An *HRPT station may play a significant, if
not major, role in the economic development
and political future of the Antarctic continent.
The Food and Agricultural Organization con-
siders *krill—a shrimp-like crustacean that
forms the principal food of many Antarctic
animals—to be one of the largest sources of
food supply for man. Additionally, natural
gas has been discovered off Antarctica's
coastline. These two resources may consti-
tute only a small fraction of the potential
wealth of this continent.

Antarctic exploration, transportation and
even the survival of the explorers, will de-
pend upon accurate observations and fore-
casts of meteorological and océanographie
phenomena. A major observation tool will be
polar orbiting satellites capable of transmit-
ting high resolution imagery to a local readout
sta^t^ion on the continent. Steps to make this
possible already have been taken by the Na-
tional Science Foundation, which has allo-
cated funds for a station to be established at
*McMurdo Sound by late 1978.

In 1887 the Norwegian explorer and scien-
tist Fridtjof Nansen deliberately froze his
^vessel *Fram in the Arctic icepack near *Spitz-
*^T^crgen. After drifting for two and a half years
*^icross the top of the world, the *Fram
*^:merged from the ice near Greenland, *bring-
*ng with it a wealth of Arctic meteorological
*^ind océanographie data. In late 1977 this
^listone voyage may be duplicated when a
^decommissioned Navy icebreaker will be fro^-^
^zen in the Arctic pack at approximately the
^same point that the *Fram began its "voy-
^age". Scientists aboard this icebreaker, how-
^ever, may have the assistance of an *HRPT
station to help them collect^'and report sea ice
and weather conditions, and to provide sup-
port for aircraft *resupply and personnel rota-
tion flights.

*HRPT images supplied by the French Me-
teorological Service in April and May 1976
^were used by an *FAO remote sensing team in
Rome as an aid to predicting meteorological
^conditions conducive to the emergence and
migration of desert locust swarms in northern
Africa. Images received on ground equipment
in Scotland and Canada were used to ̂ support
^exploratory oil drilling activities in the North
^Sea and Canadian Archipelago, respectively.

In Norway, images received by mid-De-
cember 1976 already indicated that snow ac-
^cumulation on the ground exceeded by ^5^0^
percent the total snow accumulation expected
for the entire winter. This was confirmed by
ground measurements. As a result, Norwe-
^gian authorities expect to be able to generate
more hydroelectric power than previously an-
ticipated. (In early 1976 ,̂ *L^andsat images of
snow cover permitted government experts to
predict that sufficient melt-water runoff

would occur to re^f^ill power-producing dams
in the spring. An additional ̂ $250^,000 worth of
electricity was thus generated and sold in the
winter when this energy was needed, and the
snow-melt runoff, which would have been
discharged over the dam without creating
energy, was instead used throughout the sum-
mer.)

Of the II known *HRPT stations, two are
privately operated. In Scotland, the Univer-
sity of Dundee's Electronic and Engineering
^Department, largely as a student project, con-
structed and is operating the only *HRPT
station in Great Britain at this time. Recently,
the school received a two-year contract to
receive and archive high resolution imagery
for the Telecommunications Centre, after oil
companies and others in the commercial,
scientific, and academic communities sought
assistance in obtaining high resolution im-
agery for special purposes. At Bochum. West
Germany, an *HRPT station was constructed
shortly after *HRPT data became available on
a real-time basis; Dr. Heinz Kaminski, direc-
tor of the station, has written numerous re-
ports on applications of *HRPT imagery.

Next to APT and *HRPT. the Weather
Fac^simile *(WEFAX) transmissions from
*NOAA's geostationary (GOES) spacecraft
are of the greatest interest to the most people.
Even though there are only seven locations at
which this *S-band transmission can be re-
ceived, a rapid growth in receiving capability
is expected in the near future because of the
timeliness of the data and low cost of an *S-
*band *WEFAX station. Gene^r^ally less than
three hours old when received, the informa-
tion is much more valuable than that obtained
from other sources of *WEFAX transmissions,
which frequently include observations more
than 12 hours old. A high quality GOES
*WEFAX terminal costs about $12.000. but
Roy *Cawthon. a ham enthusiast in Atlanta.
*Ga.. built one for less than ^$3.000. Monte
*Hatfield of Palmetto. Fla., also built a station,
with some help from a commercial company,
for about the same price. Trinidad. Canada,
and France each have a *WEFAX station,
while in the US. NASA^'s *Goddard Space
Flight Center and *EMR Telemetry, a com-
mercial company in Florida, both copy *WE-
*FAX for test and evaluation purposes.

France plans three *WEFAX stations in the
Caribbean and four for Pacific island posses-
sions and territories. Several South American
countries are modifying their APT stations for
GOES *WEFAX stations, while New Zealand
and Australia are purchasing new equipment
for this purpose.

Satellite direct readout has become a mul-
tinational program with significant economic,
scientific and political rami^f^ication for all
countries involved. Data applications touch
on nearly all forms of transportation, as well
as on hobbies and recreation, disaster warn-
ings, energy generation, pollution control,
food and agricultural production, plant and
animal biology, civil and national defense,
business economics, education, and others.
The application of imagery for so many var-
ied purposes represents a major demonstra-
tion of the peaceful uses of outer space,
spear-headed by *NOAA and its satellite serv-
ice, NESS. n
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A year ago, on July 29, 1976, *NOAA-5
satellite was put into polar orbit from
NASA's Western Launch Operations
Division, *Lompoc, Calif. Since then,
*NOAA-5 has completed about 4,500
revolutions around the globe, from ^pole
to pole. The spacecraft has peered do^wn
on every spot in the world^, and several of
the more spectacular views it has
captured are shown on these pages.

^•^1 Aside fro^m a few clouds in t̂ he Arabian Sea
(left), India was enjoying a perfect weather day

on ^March 13; so clear t^hat one can see t̂ he
Ganges River ̂ (top rî ght), the Great Indian Des^ert
and Pakistan's Indus ^River (top left), and the
island of Ceylon in the Bay of Bengal (̂ bottom
rî ght).

^o Clouds cover parts of S^cotland and Ireland, but
much of the British Isles stand in clear relief in

this *NOAA-5 image recorded at the ̂ Electronics
^Laboratory of the University of Dun^dee, one of the
many sî tes around the world where imagery from
the polar̂ -orbiting satellite can be received.

^O Snow and ice were pro^minent ̂ features on April
9 when *NOAA^-5 passed over Scandinavia,

which was vî r^tual̂ ly cloud-free. Ice clogs the
northern part of the Gulf of Bothnia which
separates Sweden and ̂ Finland, as well as the Gulf
of Finland. But the Baltic Sea is open, as are
waters around Denmar^k.

^л While scattered clouds obscure parts of
Southern ̂ Japan, Hokkaido (top), ̂ most of

Honsh^u, and Kyushu are clearly visible in this
polar-or^bit^ing satellite picture. North and South
Korea and part of the Maritime Territory of Russia
(upper left) are identifiable.
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"If a man be gracious and courteou^s to
^stranger^s^, it s^ho^ws ^he is a citi^z^en of the
^world, and that hi^s heart is no island cut of^f^

fro^m other lands, ̂ but a continent that joins to
them."

F^r^anci^s B^acon

^Г *• *^1НЕ young Indonesian stepped off the
727 and ex^perienced the same feeling

*-^*^• of excite^ment at the sight of the big
^air^p^ort as he had at his first sight of the
airplane. Uncertain, he slowly moved toward
the crowd of waiting people. Within mo-
ments, a pretty girl walked ̂ up and said. "Hi.
Welcome to the United States. You must be
*Sutanto from Indonesia.^" He nodded yes
with a brief sigh and the gi^r^i continued: "I'm
Nancy, a volunteer from the Washington In-
ternational Center, and I am h^ere to insure
that your stay in Washington is a pleas^ant
one."

*Sutanto i^s one of hundreds of students
brought to the ^United States from approxi-
mately 80 developing countries to study at
U.S. universities. Federal and state agencies,
and private corporations. Some come under
the Agency for International Development's
(AID) Participant Training Program. Others
are sponsored by the United Nations and its
s^pecialized agencies including the World Me-
teorological Organization *(WMO) and the
Food and Agriculture Organization *(FAO).

United States involvement in training for-
eign nationals began during World War II.
During the past ten years, 77 foreign nationals
each year—on the average—have been
trained in atmospheric sciences by *WMO. In
addition. 21 each year have been trained in
aquaculture by AID; and ^55 each year by
*FAO.

*Sutanto was chosen to come to the United
States to study aquaculture with the promise
that he would return as a fish farmer back
home.

His opportunity arose when the govern-
ment of Indonesia made a request to AID for
training opportunities for its citizens.

Under bilateral agreements with many of
these countries. AID has agreed to contribute
to their growth in technical skills and human
resources through the training of some of
their citizens in technical, professional, and
managerial skills and in the attitudes and
values that are believed to be essential to
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social and economic development.
Because *NOAA is the recognized govern-

ment ^agency in the area of fisheries. *Su-
*tanto's request for training was sent to and
administered by *NOAA and its Office of
International Affairs and their Technical As-
sistance Division.

He and his fellow trainees receive educa-
tion to meet either long term or practical
needs. Some participate in programs leading
to a *B.S., M.S. or Ph.D. degree—programs
lasting up to four years. Others are brought
over for practical training; they generally stay
less than a year. All training is linked to
specific developmental goals and projects
necessary to the nation's economic growth.

The home country of a fellow occasionally
either shar^es in or completely cover^s the cost
of transporting him to the U.S.

The home country also pays his family all
or part of his previous ^salary while he is in
training. When he returns, his employer is
also obligated to place him in a position that
w^ill utilize the training he has received.

An AID student's orientation begins with a
welcome by volunteers from the Washington
International Center. Operated by the Merid-
ian House Foundation ^since 1^961, the Center
receives foreign visitors from many Federal,
private, and international organizations in-
cluding those in the AID Participant Training
Program.

The volunteers assist students by helping
them find hotel rooms, and scheduling a
program of discussions about l i fe in the
United States—discussion^s ranging from how
to use the telephone to how to order a meal in
a restaurant. They also plan evening and

community activities to encourage students to
engage in social functions, as an introduction
to the cul ture of the United States. The
orientation at the Center generally lasts ^f^ive
days, during which time students participate
in informal discussions on such topics as
religious life, the family and community, and
the school.

In m a n y w a y s , *NOAA's I n t e r n a t i o n a l
Training Officers assist the foreign nationals.
They help them cash checks, help work out
program changes, assist them in getting air-
line tickets, and help them with personal
problems. If a married student wishes to have
his wife brought to the United States during
his training, *NOAA's training o^fficers assist
him in making the arrangements.

Aquaculture students, sponsored by AID,
are met at the air^port by volunteers from the

^D^r. *^/^о^/^ш ̂ Pl^um^b (a^bove) con^d^ucts a fi^sh
biolog^y class at Auburn University; Dr.
*R. *T. *Lovell (left) discusses smoked fi^sh ^with
stu^dents from Ca^mbodia and ̂ Nigeria; and
Dr. E. *W. ̂ Shell (below) and stu^den^ts
sort fish.



Washington International Center, while those
sponsored by the *FAO or *WMO are met by
*NOAA training officers. In either case, the
orientation is similar. *NOAA training o^f^ficers
act as a liaison for the students under their
wing, and try to help them adjust to their new
situation.

"It's very impo^r^tant to help them under-
stand the local idiom and slang," says Fred
*Laney. *NOAA International Training Officer
for fisheries. "We had one student who was
told, in a moment of light-hearted conversa-
tion, to 'go jump in the lake'. He thought that
was what he was supposed to do, and was
puzzled and. naturally enough, a little hurt. I
explained the use of the phrase, and of others
somewhat l ike it, so that he would be in a
better position to cope with some of our
everyday banter."

The *NOAA tr^aining officers meet the for-
eign citizens during their first few weeks in
the country. However, after they go to their
designated colleges or facilities, the training
o^f^ficers remain in close contact with them
and are available to help them with any
problems or questions they may have during
their training.

While in the ^United States, students are
paid a per diem allowance. They rece^ive free
health and accident insurance and are pro-
vided with an allowance for books and train-
ing materials . Those whose programs are
administered by *NOAA are also briefed on
their responsibilities to the program. They
visit *NOAA Headquarters in *Rockville. ̂ Md..
and tour appropriate *NOAA facilities.

Students here to study aquaculture vis i t the
aquaculture facilities of the National ^Marine

Rice an^d ̂ fi^s^h are gr^o^wn to^gether i^n the
^Phi^lippine^s (a^bo^ve^), an^d a^q^uacu^lt^ure

resear^ch is conducted ̂ by Auburn trained
staff ̂ with native ^Filipinos.

Fisheries Service; those here to study satellite
meteorology are given a tour of the National
Environmental Satellite Service facilities in
Suitland. Md.

Those not proficient in the English lan-
guage are sent to language institutes such as
the American Language Institute at George-
town University, the University of Miami, or
the University of Arizona. Students enrolling
in degree programs need to be more pro^f^i-
cient in English than do those on brief practi-
cal projects, such as learning the applications
of fish farming. Their stays at the language
institutes re^f^lect this difference.

Under the Voluntary Assistance Program
of *WMO. *NOAA each year offers six to eight
long-term meteorological fellowships leading
to a *B.S. degree. Funds are provided by the
State Department. *NOAA also offers a large
number of short-term fellowships with em-
phasis on the maintenance of meteorological
and telecommunications equipment.

*NOAA's training of^ficers take great care in
developing a program for each student that
would fu l f i l l the needs of each particular
country.

When *NOAA's Office of International A^f-
fairs receives from AID or *WMO the candi-
date's credentials—consisting of transcripts
of his academic record. English language pro-
ficiency test results, and work experience—it
contacts a university to arrange admittance.

The foreign nationals selected must meet
strict qualifications. They un^dergo a physical
examination and must be individuals who
have served well in some capacity or position
within an organization that is high in priority
in the social and economic development plans
of their homeland.

A candidate must also be judged well-
motivated and aware of the importance of the
training and its place in his country's goals.

"The students we sponsor are highly moti-
vated and carefully selected." said Ma^r^tin N.
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Rosenblatt, International Training Officer for
Atmospheric Sciences. "To select a candi-
date for a *WMO fellowship, the Director of a
meteorological service in a developing coun-
try typically would consider not only the
person's technical qualifications, but also his
capacity to absorb new knowledge and skills,
and his potential for communicating them to
associates when he returns to his homeland.
The foreign nations want to be represented by
their best talent, and we want to train their
best talent. So our objectives mesh, and we
get highly motivated people."

In accepting a fellow^ship, a candidate obli-
gates himself to serve his agency back home
for two to ̂ f^ive years.

At times, before the need for a particular
kind of t^r^aining is establish^ed, technical as-
sistance programs are carried out in the coun-
try. The government of that country may
have a problem that it does not understand or
know how to resolve. The host country

makes a request to *W^MO or AID and
American *technicans are sent there to assist
in making a preliminary survey. They return
with a report on the country's needs, and a
full-scale technical assistance program may
begin.

Training is an outgrowth of such a U.S.
technical assistance program. *Laney explains:

"If we have an American technician setting
up a meteorological station," he says, "we
know that there will be a need for trained
counterparts—nationals of the particular
country—to take over when he leaves." The
American technician sends citizens of that
country to the United States to be trained.
When they return, they are qualified to man-
age and operate the station.

One such technical assistance program car-
ried out by AID i^s upgrading aquaculture in
developing countries. AID looked for a uni-
versity with expertise in this area and se-
lected Auburn University in Alabama. Au-

burn has gained a worldwide reputation for its
aquaculture research and teaching programs
in *warmwater fisheries.

Under the AID program, Auburn sends
experts to nations that have asked for help in
developing aquaculture. The people from Au-
burn determine whether fish ponds can be
built, and conduct research into the building,
engineering and biological as^pects of aquacul-
ture in that area. If the projects show prom-
ise, citizens of the country go to Auburn for
training in fisheries management, engineering,
water quality control and biology.

AID pays for this training, with the country
contributing funds for the transportation of its
people.

Because *NOAA is the recognized ^U.S.
Government agency in fisheries, *NOAA acts
as a liaison between AID and the university.

Auburn University received its ̂ f^irst con-
tract from AID in 1967. Several foreign na-
tionals trained there have gone on to become
high officials in their own countries. One
former student is now Director General for
Fisheries in Thailand; another is Dean of the
College of Fisheries in the Philippines; most
of the staff was also trained in Auburn.

Dr. E. *W. Shell, Head, Department of
Fisheries and Allied Aquaculture, and Direc-
tor, International Center for Aquaculture, at
Auburn University describes its program:

"Foreign students who come to Auburn go
through the life of a ̂ f^ish farmer." he e^xplains.
"They are required to keep up with diseases,
the killing of harmful fish, and the cleaning
and maintenance of the ̂ f^ish ponds. The inte-
gration of classroom and hands-on training is
what makes the difference. When they return
to their country, they will be in a position to
help their people."

Simon *Lownam (top left) a Florida State
^University student from Seychelle^s, a group
of islands in the Indian Ocean, monsoon
^winds; *^Cisse ̂ M^ossane (left), a st^u^dent from
the ̂ Re^p^u^blic of ^Niger an^d *Gibril T. ̂ Kanu,
from Sierra Leone, study satellite pict^ures;
and *Saynam *Virakone, a student from Laos,
studie^s me^teorolo^gical charts.
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^Fi^s^hermen in Brazil net t^heir catch ̂ (above),
later to be seen in Bra^zilian mar^ke^t^s.

One Auburn student from Syria describes
the importance of this training to his country:

"Protein is very important for health." he
says. "We need protein for our people. 1 am
here to gain more knowledge and experience
in the breeding and production off ish."

A married couple from Thailand is pursuing
complementary programs at Auburn. She has
a master's in fish nutrition and is working
towards her Ph.D. He studies parasites and
diseases in ̂ f^ish. When they return, she will be
able to apply what she has learned by teach-
ing Thai citizens about the diets of fish, and
he will be able to help the fish farmers. They
will work together to improve the metho^ds of
fish farming in their homeland.

Auburn University also offers a five month
pr^actical training program intended for partic-
ipants from foreign countries who are em-
ployed as fishery officers, biologists, man-
agers, planners and administrators, and who
will be involved primarily in aquaculture re-
lated activities in their home countries. ^It
includes lectures, laboratory, field work, and
special projects. The students take trips to
visit fish processing plants, fish feed mills,
private fish farms, fish hatcheries, shrimp
culture facilities, and extension agencies. Cul-
tured species common to many of their coun-
tries are also available to Auburn.

On the other side of *NOAA's expertise is
atmospheric sciences. Requests for training in
this area generally come from the *WMO.
Among the participating universities dealing
with atmospheric sciences is Florida State
Universi ty .

Jesse *J. Stephens. Chairman of the Meteor-
ology Department, describes *FSU's meteor-
ology program in relation to foreign students:

"These students ̂ c^ome with some scienti^f^ic
background and are aware of how they will fit

within their weather service structure." he
says. "They come with very definite ideas
about the kind of training they need. Our
function is to teach them how to continue
their education. They can go back and con-
tinue to improve themselves. The practical
side of meteorology comes easily if you get
the basic background. We are doing a univer-
sal service to this nation and to the world. We
are proud that we are making some impact in
the science of weather around the world."

^Many *FSU graduates also have gone on to
become experts in their countries. One be-
came Director of the meteorological service
in Niger. Another is Director of the meteoro-
logical service in Malawi. The Chief of Civil
Aviation for the Agency for the Security of
Air Navigation for Africa is an *FSU graduate.
*Kendrick Leslie, an *FSU student working
toward his Ph.D. degree, is presently Direc-
tor ^of the meteorological service in Belize in
Central America.

He explains the importance of his training
at *FSU: "I came here to use the data from
hurricanes *Fifi and Carmen to help improve
the *a^grometeorological and *hydrometeorolog-
*ical program in my country," he says. "The
training is invaluable. I have received a lot of
personal satisfaction and exposure in new
techniques that I would not have been able to
develop back home.

"We will soon be able to develop further
rainfall statistics for the Caribbean," he con-
tinues. "Rainfall can make or break an econ-
omy—especially in the area of agriculture.
There just isn't much that has been done in
my country."

Another foreign citizen, from the island of
Mauritius in the Indian Ocean, came to *FSU
to get special training in trade winds. "My
country is in the trade wind belt," he says.
"We have trade winds nine months out of the
year. There hasn't been much continuing
research done in the Indian Ocean. I have 100
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years of data to sort out. We lack research,
the a b i l i t y to analy^ze maps and forecast
^weather. This training wil l help my country in
^aviation and in agriculture."

Since he has been at *FSU, he has learne^d^
how to do American modeling, computer and
numerical work. He has learned how to study
the structure of the weather and how he can
^implement that knowledge in his country.

A student from Sierra Leone feels that
^studying Florida weather wi l l help him learn
to forecast for his country's tropical weather.

A pan-African school of meteorology in the
^Republic of Niger, is working with U.S. and
United Nations assistance to deal wi th the
drought in Africa's *Sahel. Sponsored by
ОСАМ (the Organisation *Comunal Africaine
et ^Malgache), the school was founded in
^1^964, and has sent students to Florida State
Univers i ty for specialized education that it is
^n^ot yet in a position to offer.

Some of the foreign nationals are in the

U.S. to study general meteorology. One stu-
dent from Seychelles—a group of islands in
the Indian Ocean—studies climatology. He
says they have to generalize so that he can
work across the board. He says his country
has l i t t le specialized information^; their sta-
tions are spread out across the islands.

Some enco^unter problems in adjusting to a
new way of l i fe . However, generally spea^k-
ing, the advisors and professors of these
students feel that they learn to accommodate
^quickly, that foreign students tend to be more
motivated and work harder than Americans.

Most of them have handled fami ly prob-
lems very wel l . A married student from the
Philippines says. "I miss my family, and
sometimes become frustrated when I cannot
talk to them. But. I feel my family is close to
me. I know that we will be more bonded
when 1 return to compensate f^or the t ime ̂ we
were apart. One consolation is that in the
long run we will be helping our people."

A Filipino ̂ st^udent checks t^he wate^r in
conc^rete pon^ds at A^u^burn ^(left); and
st^udents e^xamine spa^wning boxes for e^ggs
after the fish ha^ve s^pa^wned.

Another, from Senegal says it another way:
"I miss my family, but I realize that it is only
a matter of time. You have to miss some
things in life in order to have other things."

Some may also experience personal pres-
sures from home that make it d i f f icu l t to
study. Two students have experienced con-
cern regarding major changes in the govern-
ment of their countries since they left. They
are not sure where they wil l fit in when they
return.

Some have a language problem. One citi-
zen from Bolivia says, "sometimes you are
anxious to know something but y^ou cannot
express yourself."

Dr. Donna Blank. A^ssistant Professor of
Meteorology at *FSU says. "The foreign stu-
dents sh^ould be prepared to learn the local
idiom in order to communicate in class. My
experience has been that they adapt and
handle the material wel l . Some of our best
students are foreign nationals."

When *Sutanto and his peers step ̂ back onto
the plane after four years, they wi l l not only
have experienced a f l ight to knowledge in
meteorology, fisheries, or whatever else they
may have come to s tudy, but with the help o^f^
*NOAA's International Affairs Office, they
will have learned about the lifestyles of other
peoples of the worl^d—a knowledge that will
^bene^f^it them and their associates for years to
come. D
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*^Г^Ж"^1А^КЕ a fe^w billion molecule^s of *as-
• sorted hy^drocarbons, oxides of *nitro-

*•^*^• gen and sulfur, and the like, and ex-
haust them into the atmosphere: and then, an
hour, a day. a week later, inhale what the
wind and weather, sun and atmospheri^c^
chemistry have done to them. Everything
between the emission and the inhalation in-
volves ^meteorology—the meteor^ology of air
pollution.

This is a meteorology concerned mainly
with city-sized atmospheres—a layer of air
from th^e ground t^o a height of a few thousand
feet, an area perhaps 50 miles across. Even as
science, this meteorology is not the familiar
routine of analysis and forecasting. Instead, it
focuses on thé transport and dispersion of
pollutants in the air^. the behavior of.s^moke

plumes, the chemical transformations
wrought by solar radiation^, trajectories,
and—one of many bottom lines in the trade—
the role of weather in the way various types
and quantities of air pollutants affect human
health.

Much of the air pollution meteorology ef-
fort of the Federal Government is carried out
by a facility tucke^d into the abundantly mead-
owed and treed area ̂ between the North Caro-
lina cities of Raleigh. Durham, and Chapel
Hill called Research Triangle Park. There,
modern o^f^fice and laboratory buildin^gs thrust
skywar^d from the Pie^dmont countryside, con-
crete towers rising alongside mature pines *'*
and the old-timers of a deciduous hardwood
forest. In that setting, in a building shared
with the National Center for Health Statistics,

*NOAA's Meteorology Laboratory conducts
its pursuit of the elusive properties of air
pollution.

Air pollution meteorology is both older and
newer than conventional wisdom would have
it. It began at the national level at a time
when one had to visit Los Angeles or Pitts-
burgh or Gary to see the term in action. On
the other hand, a science for which the old
days mean the mid-1950's still must be con-
sidered young.

Lawrence E. Niemeyer, the large, jovial
man who directs the Meteorology Labora-
tory, was one of a handful of pioneers in that
effort. "It came into being," he remembers,
"as part of Public Law 159. back in 1955.
Three meteorologists were assigned from
what was then called the Office of Meteor̂ a-

of ^Air



logical Research in the Weather Bureau. Ray
*Wanta was *meteorologist-in-charge.

"That's really before many people t h i n k
much attention was b^eing paid to air pollution
by the fe^deral government. Of course, three
meteorologists don^'t constitute a lot of atten-
tion. As a matter of fact, the federal program
budget in those days was less than many state
air-pol lut ion programs, li^ke Cal i fornia ' s .
Smaller. 1 th ink, than the program for the city
of Los Angeles. As the years have gone by
t h a t ' s turned around d r a m a t i c a l l y , of
course."

What is now the ^Meteorology Laboratory
began in Cincinnati in J u l y 1955. as a Weather
Bureau Research Station attached to the De-
partment of Health. Education and Welfare,
the air-pollution effort was eventually called
the Community Air Pollution Program of
HEW; Robert *^McCormick became its direc-
tor in 1958. "We stayed in Cincinnati unti l
the summer of 1969." *Niemeyer says, "and
that summer we moved to North Carolina."

Soon after its arrival in North Carolina, the
lab went through another set of organi^zational
changes. The National Air Pollution Control
Administration, the HEW unit to which the
laboratory was detailed, became part of the
Environmental Protection Agency when that
organization was formed in 1970. At about
the same time, the lab's parent organization
became *NOAA, and the North Carolina facil-
ity became one of the Air Resources Labora-
tories, part of *NOAA's Environmental Re-
search Laboratories.

The Meteorology Laboratory may be
unique in the degree to which it belongs to
two agencies. On the one hand, its research
people make up a division—the Meteorology
and Assessment Division of the Environmen-
tal Science Research Laboratory—within
EPA, and, *Niemeyer notes, the day-to-day
^assignments come from the EPA side.

On the operational side of the laboratory,
*NOAA people share the a i r-pol lu t ion
trenches with their EPA colleagues. Meteor-
ologists from the lab are assigned to the EPA
^regional offices, two EPA laboratories in Ne-
^vada and Oregon, and to the Enforcement
^Division of EPA headquarters. Specialists
from the laboratory provide the meteorologi-
^cal expertise needed to develop and enforce
air quality standards, and the tools and tech-
niques state and local air q^uality people need
to make their own assessments of speci^f^ic
pollut^ers and pollutants. The Meteorology
Laboratory is effectively the weather arm of
the EPA, which supports it at a rate of
^s^everal million dollars a year.

Antiquity, in this young science, is proba-
bly the time before there were computer
^models. These coded physical descriptions of
the air and its cargo of pollutants pervade the
*^work of the laboratory, which has the stature
*°^f an institutional Daniel *Boone among *air-
*Pollution modelling pioneers.

Bruce Turner directs the Environmental
^Applications Branch—the laboratory's model
*s^hop, in the retail sense of the term. "We're
^mainly concerned with technology transfer,"
^he says, "taking products developed by re-
searc^hers and trying to put them into the
hands of the users."

What is being transferred is a family of
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atmospheric dispersion models, which, once
set in motion in a computer, describe how
emissions from a pollutant source wi l l move
through time and space.

"These permit us to estimate air qual i ty
levels in a number of different situations."
Turner explains. "We can do this for an
urban area, for a remote powerplant out in
open countr^y, and, to a limited extent, for
polluting sources in complex terrain."

Their audience comprises technical .and en-
vironmental managers, people, who, Bruce
points out, can assess their problem and their
model results, once they know what inputs to
use. "We serve as a fo^cal point for such
people. What we discuss with them is which
model they need, which models won't work
in their particular situation, and how to apply
the model to solving their problems. We also
learn about the problem they're facing."

The models available from Turner's group
serve a select, but surprisingly large clientele.
In 1976, for example, 105 different groups
purchased *UNAMAP (from User's Network
for Applied Modelling of Air Pollution) tapes
of the six models now available on that
network, through the National Technical In-
formation Service. These clients included 49
consultants in 22 states, 27 industries in 16
states, 12 universities in 10 states, 13 govern-
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ment agencies in nine states, and four foreign
nations: Canada, England, Norway, and Ja-
pan. When the models are improved, UNA-
MAP users are notified and may purchase an
updated tape. The models are also available
through a nat ionwide computer netwo^rk
called INFONET.

This, Turner says, is just a beginning. "The
six models we have on *UNAMAP." he ex-
plains, "are only capable of handling ̂ f^ive to
fifteen percent of the pollution problems our
users have to solve. And none of the six on
*UNAMAP is for complex terrain."

Sti l l , in a technological world where the
objective of virtually every scientific invest i-
gation is a descriptive or predictive model,
seeing models on the ^shelf in North Carolina
is a look at the future of those sciences still
trying to get that ̂ f^irst tape together.

But, as Turner points out, the off-the-shelf
models are only a beginning. The laboratory
also runs a major model development effort,
one that is attempting to make the jump from
simple Gaussian models—models based on
probability distributions—to their vastly more
sophisticated numerical cousins.

Dr. Kenneth *Demerjian. who leads t h i s
small group of *"non-Gaussians." describes
the build-up of their models. "The idea." he
says, "is to take emissions as they come out
of point sources, l ike a smokestack, or area
sources, like a community, or line sources,
like highways *. *. *. and put them into a three-
dimensional grid. Then we overlay these
emissions with meteorology—mixing, disper-
sion, and transport. Then we add the chemi^s-
try to describe how the emitted pollutants are
chemically transformed. We end up with a set
of partial differential equations describing dif-
fusion, *advection. deposition, transformation,
the whole works *. *. *. then solve them numeri-
cally, hoping that the physics and chemistry
we've put into the problem are correct, and
that the mathematical representation is *cor-

*La^wrence *E. *N^ieme^yer is ̂ director of the
^Meteoro^logy Laborator^y, a *NOAA fac^i^lity
that i^s al^so ^EPA's meteorol^o^gical ar^m.
B^elo^w, t^he operatio^nal branch of the labo-
ratory is hou^se^d i^n a ne^w buildin^g a^m^o^n^g^
ci^garette fa^ctorie^s in ^Durham, *N.C.



ree^l. We ^solve these for each grid point as a
function of time. The idea is to simulate the
air-pollution process, on local, urban, or re-
gional scales."

But numerical models force some trading.
*Demerjian admits. "Our models aren't as
easy to use. and it may be that people out in
the ̂ f^ield would be reluctant right now to try
to wor^k with a numerical model to solve their
problem. But the fact is we can address
complex problems that the Gaussian plume
model cannot."

*Demerjian. and others in his specialty, be-
lieve modelling pr^ovides a useful tool for
planners and regulatory people confronting a
given air-pollution problem. ^"On the ^other
hand." he says, ^"a lot ^of people th ink m^o-
delling's just a waste of time. Thus far. the
results we have are very superficial in terms
of veri^f^ied models. They seem to work, and
the indications are that we can get the accura-
cies we need. What's lacking is a detailed

T^wo ver^sions of smo^kestac^k poll^ution
^pl^u^me^s—an actual co^n^dition (a^bo^ve^) an^d^
a ̂ wind tunnel ̂ model (^below), showing tall
stack versus short stack effects downwind
of ridge.

verification program to assess model perform-
ance."

For some models, such a program is right
around the comer.

If there is a term as pervasive as "model"
at the N o r t h Carol ina l abora to ry , i t is
"RAPS." the acronym for Regional Air Pol-
lution Study, an intensive, ̂ f^ive-year-long look
at air pollut ion in and around St. Louis.
Missouri. The study is to the modelling of
urban air-pollution and meteorology what
*I974's GATE was to modellers of tropical
meteorology—the ̂ f^irst set of data comprehen-
sive enough to test how well models stimulate
the real world.

Dr. Jason *Ching, also of the modelling
branch, has been close to the ^meteorological
^f^ield work involved in RAPS. "People in the
field have been careful to obtain measure-
ments that will permit researchers to explain
the turbulent transfer processes in the non-
homogeneous, non-stationary conditions pre-
vailing in urban areas," he says. "The result-
ing data base, and the insight gained, should
provide for more physically consistent model
development."

RAPS, according to Dr. Francis Pooler,
ends this year after a cost to EPA of about
$25 million. The experiment was designed by
model developers, and effectively trans-
formed the greater St. Louis metropolitan
area into an instrument array, with surface
stations, mobile vans, and aircraft taking the
broad meteorological and air-quality meas-
ures of the St. Louis sky. Why St. Louis?
"We picked it." Pooler explains, "because it
offers lots of emissions, both from vehicles
and heavy industry, its topography is rela-
tively simple, there's no shoreline to compli-
cate urban meteorology—and it's isolated
from major sources upwind. Also—and this is
vital—the St. Louis region in both ̂ Missouri
and Illinois has strong, active ^pollution-con-
trol efforts already in place."

Pooler is one of the original three meteorol-
o^gists assigned to the air-pollution group in
Cincinnati in 1955. Before that, "I did rain
dances, was an observer and briefer. In
Washington I worked on atomic fallout. As a
matter of fact, much of what we do in air-
pollution meteorology evolved out of our
radioactivity work, where we learned to
model trajectories, dispersion, *rainout, and
the like.

"In the old days, modellers were mainly
mathematicians. But they don't think of con-
servation of energy and mass in the same way
meteorologists do, and so meteorologists be-
gan doing some of the modelling too.

"This is certainly not synoptic meteorol-
ogy. But you have to use any scrap of
knowledge you bring to the job. You have to
understand climatology to know whether you
can generalize, for example. It's still a new
field. It combines *micrometeorology, interac-
tions at all scales of motion in the atmos-
phere, from cloud physics to diagnoses on the
microscale. It makes you realize how inade-
quate your knowledge really is."

This realization of inadequacy is crucial to
the modelling work in *Demer^jian's Atmos-
pheric Modelling and Assessment Branch.
"We'll be using the RAPS data to verify eight
or ten air-quality simulation models, some
developed here, and some developed by other
organizations, like Lawrence *Livermore Lab-
oratory," *Demerjian says. "We want to an-
swer the question. Do they work or don't
they, and. if they do, how well?^"

*Demerjian's group keeps a number of
models in development. One of them is a
photochemical model that simulates the
chemical reactions of precursors like hydro-
carbons and nitrogen oxides as they are *pho-
*tochemically transformed into *oxidants like
ozone.

"We're also working on a box model," he
says. "In this approach, most of the spatial
complexities of the meteorolo^gy and *emis-
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*^sions have been averaged out. It's like visual-
i^zing an urban area as a well-mixed flow
reactor. The emissions coming from the bot-
tom of the box make up the major source of
^mass inflow of pollutants. The meteorology—
^wind speed and varying mixing height—
makes up the major source of out^f^low, or
dilution. The chemical transformations are
^simulated while the pollutants are in the box.
The spatial simplicity allows more detailed
treatment of the chemical kinetic processes
^than is economically feasible in the more
^spatially resolved grid point models."

^In approaching operational mo^dels, how-
^ever, everything is economics. "^Models
^should permit us to look at separate solu-
tions, evaluate control strategies, and ̂ f^ind the
^best and cheapest way to achieve the ambient
^air standards," *Demerjian says. "If they do
^that, they'll be very beneficial.

"On the other hand, the kind of high-
^resolution inventory of emissions we have for

Pollution probers *. *. *. (l. to *r. ̂ by ro^w fro^m^
the top) Dr. Kennet^h *Demerjian, ̂ director,
^At^mo^spheric ̂ Mo^delin^g and Assessment;
Jim Dic^ke, ̂ director of the Durham unit;
Geor^ge *Hol^z^worth, hea^d of Geophysi^cal
Research Branch; Dr. ̂ William *Snyder;
Robert *Frunkh^t^n^t^s^er; Dr. Fr^a^n^ci^s ^P^o^ol^e^r.
Regional Air Poll^ution Study ̂ (RAPS^} co-
ordinator; Dr. Ja^son *Chin^g; Karl *Kurfis;
Larry *Truppi.

St. ̂ Lo^u^i^s cost considerably more than you
can reasonably expect a state agency to
spend. The RAPS emissions inventory gives
us sources and the pollutants they contribute
hour by hour. If our models ^don't work with
lower resolutions, 1 imagine some cost-^benefit
analysis will be in order.

"The point is, we have to learn at what
point the benefit of mo^del^ling stops making
sense in terms of the economic cost involved

in the decisions it is suppo^r^ting."
There are real-world q u a n t i t i e s in th i s

group that don^'t ̂ f^low from RAPS, at least at
some scales of time ^and motion. A mile or
two away from the main laboratory facil i ty, ^a^
long metal shed rises from a clearing in the
pines and hardwoods. This is the Fluid Mo-
delling Facility, one of only a few atmos-
pheric dispersion modelling facilities in the
world. A water channel ^and towing tank, a
meteorological wind tunnel , and an instru-
ment calibration wind tunnel are the major
elements of the facility, which also includes
such supporting work a^s a model and elec-
tronics shop, chemical lab. and a darkroom.

A characteristic experiment uses the water
channel to study the rise of a buoyant plume.
The "atmosphere" is salt water, the stratifi-
cation simulates night time conditions in the
real atmosp^here—a t^ime when light winds
and little ̂ v^ert^ical m^ixing cause plumes to
spread o^u^t horizon^t^al^l^y. Later, the morning
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^sun would introduce heat and turbulence
from the ground up. and this would overtake
the plume and mix it down to the surfa^ce. So.
Dr. William *Snyder. who directs the ^f l̂uid
modelling facility. ^Karl *Kurfis. and Lou
Knight, are adding a blue ̂ f^luid to an atmos-
pher^e of stratified s^alt water, to see how fast
the plume rises and how fast it spreads.

It is one of a family of ex^periments that
includes diffusion among buildin^gs, deposi-
tion of pollutants, smokestack plume dynam-
ics, studies of complex "topography." How
well do these physical models simulate the
real world?

^"Simulation is a matter of scale." *Snyder
says. ^"My feeling is that we have good
confidence in simulating flow around build-
ings, working at a scale of about one to 200.
over maybe ̂ f^ive or six city blocks. Mathe-
matical models are fine for describing diffu-
sion over an infinitely ̂ f^lat plane. But in the
real world you have buildings, hills, moving
vehicles, and so forth, that are dif^ficult to
describe mathematically. We think we can
build models a^nd simulate flow and diffusion
more as it is in the a^tmosphere. As what we
want to model increases in size, our ̂ confi-
dence decreases—for example, wind speed
must increase, and there are limits. But part
of our mission is to di^scover what ^whose
limits are. Nobody here thinks you ^can do
ever^ything in a wind tunnel."

The models themselves are rough equiva-
lents of the real world—toy automobile^s, py-

ramidal blocks for hills, oblong blocks for
buildings. But they work. For example. *Sny-
*der remembers a study for the Rural Electrifi-
cation Admini^stration that saved a lot of
money and mo^dified some conventional wis-
dom regarding smokestacks.

"We put an idealized model into the wind
tunnel to see what influence the building had.
It turned out that a stack one and a half times
the building height was okay, whereas the
standard rule was two and a half times build-
ing height. So they went to a 4^50-foot stack
instead of the 750-foot one. at a cost of $5
million instead of $15 million."

The wind tunnel is mainly used to model
buildings and complex topo^graphy. But it can
also test a highway model, a large turntable
on which *'/^»^» scale toy automobiles travel on
an endless chain across a surface, then
around a sharp loop and back on the other
side, like ducks in a shooting gallery. The
automobile models are rigged to emit smoke
as they cross the table, which can be rotated
to provide any desired wind direction across
the "highway."

Opened about thr^ee years ago. the wind
tunnel was joined by a water channel about a
year and a half ago. Since there are other
wind tunnels and water channels available to
do this work for the private sector, users are
mainly government agencies, with some from
the state and local levels. Future plans now
are to provide for a closed air return in the
wind tunnel and add heating and cooling to

permit st^r^atified situations similar to those
available now in the salt water tank.

In the meantime. *Snyder and his colleagues
will continue their ef^forts to simulate air-
pollution dispersion in the real world.

For George *Holzworth, who leads the labo-
ratory's Geophysical Research Branch, this
real world is mainly a place of complex
terrain and pollutant plumes. One of the
branch's projects is to study how emissions
behave when they leave the Clinch River
powerplant in southwestern Virginia. The
$700 million facility there has two 341-foot
chimneys, and burns coal with only about .7
percent sulfur, ^quite low for eastern coal. A
series of field measurements, made by a
contractor, measures meteorological and pol-
lutant elements at various distances from the
plant. The purpose of the work. *Holzworth
notes, is to define the additional problems of
air-pollution modelling that are introduced by
complex terrain.

Plu^me rise is a term one hears a lot of at
the North Carolina laboratory, and smokes-
tacks are a major preoccupation. This is
natural enough, since, at least on the indus-
trial side of the air-pollution problem, smo-
kestacks are primary source^s of pollutants.
Plume rise refers to the buoyancy effect of
most plumes to rise to some equilibrium point
above the level of the chimney which emits
the plume. It is an important quantity because
pollutant concentrations at the ground vary
inversely as the square of the height of the
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*^NOAA'^s E. L. ̂ Martine^z (^for^eground^) and EPA's Bill H^unt re^vie^w s^ample tele^vision
^pre^sentation of a new ^pollutant standard inde^x, whi^ch rates ̂ f^i^ve ke^y pollutants on a
common ̂ scale of 100 to 500.

plume *centerline above the ground near the
source. These are quant i t ies *Demerjian's
group is interested in simulating mathemati-
cally and physically. In *Holzworth's group
the emphasis is on developing a climatology
of plume rise.

^"We went to the National Climatic Center
in *Asheville." he says, "and asked them to
summarize *rawinsonde soundings in terms of
atmo^spheric temperature and wind structure.
Then, we provided input data for the size of
the chimney, the emission rate, and the tem-
perature of the e^f^fluent, so they could calcu-
late the plume rise for that chimney height
according to the measured wind and tempera-
ture pro^f^iles. At the ^same time we had *Ashe-
*ville determine the percentage frequency that
the plume was within, below, or above an
inversion."

"This kind of *climatological data provides
considerably more information than that
which is usually based on the assumption that
atmospheric conditions measured near the
ground prevail throughout the layer through
which a plume rises. For example, inversions
act to inhibit mixing, so when the plume is
above the inversion it does not readily diffuse
down to the ground; below an inversion, the
plume is confined to the layer near the
ground."

Inversions, in which warm air overlies
cooler air. are the keystone of air pollution, at
least in the popular view. The plume-rise
climatology has also produced a comprehen-
sive inversion climatology, and *Holzworth is
firm on the fact that you need more than an
invers ion to get a polluted atmosphere.
"There's nothing especially sinister about in-
versions," he says. "^Most places have them
^every night. The problem is emissions."

*Holzworth^'s group is also working on new
concepts in air quality standards. Visibility,
^for example. "EPA is interested in the possi-
bili^ty that visibility can be used as an air
quality standard—and also a new standard for
^sulfates. In meteorology we're looking at the

relationship between visu^al range and light-
scattering measurements. Many of the more
effective light-scattering particles are believed
to be sulfates. We're also looking at natural
haze producers, like the *turpines that pine
trees emit as a hydrocarbon, a photochemical
precursor that forms ozone and *particulates,
and incidentally causes the blue ha^ze over the
Appalachians."

Where a i r -po l lu t ion problems have a
shorter fuze, and may be solved by research
(as distinct from service), the laboratory uses
specialists from Bruce Turner 's branch.
Ralph *Larsen is one of these "honorary mete-
orologists." His specialty is in the area of
pollution effects, and he is credited with
developing a novel stati^stical system for mo-
delling air pollutant concentrations against
averaging times. *Larsen holds the equivalent
rank of a Navy captain, and is one of two
Public Health Service officers at the labora-
tory. When he began he was working with
HEW, which is the parent organization of the
P^ublic Health Service; but ensuing reorgani-
zations have cut him off from those roots,
leaving him a kind of technical displaced
person attached to two newish agencies.
*NOAA and EPA.

Robert *Fankhauser, assigned to the *EPA's
Environmental Monitoring and Support Lab-
oratory in a Research Triangle Park structure
familiarly called "the Fort," works with EPA
field studies. Recent work there has included
analysis of ozone measurements at a number
of middle-sized American cities, and investi-
gations of such environmental problems as
*kepone. the dumping of iron ore tailings con-
taining asbestos in Lake Superior, ocean in-
cineration of pesticides, and air quality near
vinyl chloride plants.

Lawrence *E. *Truppi is detailed to *EPA's
Health Effects Research Laboratory, also in
the Fort, where he has come to specialize in
studying the role played by weather and air
pollutants on human health. This role, it turns
out, can be substantial, and given to unex-
pected turns.

"We found that temperature has a big
effect on mortality—that is. that you can't
evaluate mortality during a pollution epi^sode
without considering air temperature." *Truppi
says. "Asthma attack goes up when it 's cold,
cardiovascular disorders go up with heat,
especially angina *pectoris. And it isn't just
mortality. You have to consider morbidity—
air pollution that sickens but doesn't neces-
sarily kill."

A series of air pollution morbidity studies is
underway. Four communities at different lo-
cations in the Los Angeles Basin are being
monitored, under contract, in an effort to
identify relationships between pollution and
respiratory problems, chromosome damage,
and other health effects. A similar study is
planned for northeastern Ohio. The number
of variables, and a general dearth of data
connecting weather and heal th , make the
work t ime-consuming and dif f icul t . "You
have to go into a population." *Truppi says,
"recruit a group, and check their symptoms
day to day against variations in air pollution
and weather elements.

"It takes a long time to collect mortality
data, and weather isn ' t included on death
certificates. Everything is more or less done
by hand. But eventual ly we should have a
mortality data base for the United States that
includes the effect of temperature, and we'll
be able to predict daily m^ortality in terms of
air quality."

The fourth branch of the laboratory is
billeted i^n *Durha ̂ n in a gleaming office tower
set down amongst the cigarette factories
there. Most of the signs say EPA. but there is
a *NOAA presen^ce here, where ^a lot of the
science behind the nation's air-quality contr^ol
strategies gets done. Jim Dicke, who ^direct^s^
the *NOAA unit, explains their work.

"We're the operations side of the Meteor-
ology Lab." he says, "in ^contrast to the
research side. We provide technical as^sist-
ance to state and local programs when they
have special problems—for example, when a
particular source is coming into a region, and
they want to evaluate its air-quali^ty impact.
Or sometimes a regional office just wants
some moral support on a dif^f^icult decision.
Sometimes we go over state or local control
agency computer runs sent in by one of the
EPA regional offices ^and suggest change^s.
Sometimes we actually go out and install the
models in their own computer systems for
them. We're also called upon to describe the
state of air-quality modelling and to inform
people about what models we're going to
use."

This front-line world is quite different from
the more neutral one of research. Here the
sources are real, the problems those of devel-
oping control strategies, providing testimony,
seeing that new models of things like deposi-
tion and mobile sources ̂ f^ind application in
the work of promulgating standards of air
quali ty. "We provide support anywhere there
is a meteorological connection," Dicke says.
"To promulgate air-quality standards you
need health and control information, and
these are put together at the EPA technical
center at Research Triangle Park. We help
EPA determine ways the source should be
controlled."
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The Support Branch in ̂ Durham is attached
to *EPA's O^f^f^ice of Air Quality Planning and
Standards, where a coll̂ aborative e^f^fort be-
tween *NOAA and EPA specialists has led to
a pollutant standard index for the five key
pollutants—sulfur dioxide, total *particulates,
carbon monoxide, nitrogen dioxide^, and *oxi-
*dants. According to *EPA's Bill Hunt^, the
index provides a unified hybrid that combines
the attributes of indices used by many differ-
ent states and communities. "Air quality in-
dex reporting in the past has been a very
creative medium," he says, "and no two
indices were found to be the same. So we
attempted to retain as many common features
as possible, then combined those with health
effects. The result, we believe, is an index
most states will eventually adopt, and many
already have."

The new index is designed to convert the
maximum measured daily air pollution level
in a city to a simple number on a scale of 0 to
500. Intervals on this scale are related to the
potential health effects of the daily measured
levels of pollutants. The air pollution intervals
and their health effects terms range from
"good" (0 to 50). to "hazardous" (above
300). An index value of 100 corresponds to
the short-period National Ambient Air Qual-
ity Standards: an index value of ̂ 500 indicates
the "significant harm" level established by
EPA.

E. *L. Martinez, a *NOAA colleague of
Hunt's, helped develop the index, particularly
ways to forecast index values from one day to
the next. He also collaborates with his EPA
co-workers to identify trends in the quality of
American air.

How are we doing?
Better. In Nation^a l̂ ^Air Qualî ty ̂ an^d E^mis-

^sion^s Trend^s Rep^ort, 1975, one ̂ f înds that:
An estimated 49 million people were ex-

posed to total suspended pa^niculate levels
exceeding the annual primary standard in
1974, down from 73 million people in 1970;
about seven million fewer people in the New
York-New Jersey-Connecticut area were ex-
posed to concentrations exceeding the pri-
mary health standard in 1974 than in 1971.
Su^lf^ur dioxide has been reduced dramatically.
Photochemical *oxidants show a little im-
provement in places like the Los Angeles
basin, but show decreases in most cities east
of the Missi^ssippi. Carbon monoxide is de-
clining nationwide.

Problems persist, of course. Martinez
points to *oxidants in summer as an example.
"These *oxidants are formed from precursors
like nitrogen dioxide and hydrocarbons emit^-^
ted by automobiles and stationary sources.
Weather plays a very important role here, in
summer. Slow-moving areas of high-pressure
move through, so that, once formed by reac-
tions with sunlight, *oxidants tend to persist
and build up over periods of days. In the
eastern United States, seve^r^al perio^ds in a
summer can exceed *oxidant standards over
tens of thousands of square miles. We've
been studying this in the field, to help devise
control strategies for cities and regions."

Primary standards for key pollutants are
based on how they affect human health.
Ozone mainly affects the human respiratory
process when levels exceed .08 part per mil-

lion, which is the quantity (for one hour in a
year) used to establish the national standard.
A series of field prog^r^ams, conducted in the
past several years under contract to EPA,
assessed photochemical concentrations in
various regions around the nation.

Enforcement of the standards is carried out
even closer to the front than Durham, by ten
EPA regional offices. Seven of these have a
*NOAA meteorologist on detail, administra-
tively linked to the North Carolina lab
through Bruce Turner's branch.

"They're there to work with the EPA
region to solve any problems connected with
air-pollution meteorology," explains Larry
*Niemeyer. "They may be called upon to
evaluate the performance of an existing
source of pollution, to determine whether or
not it's meeting standards, to see whether
additional control action needs to be taken.
They may be asked to evaluate a new source
that's been put in. what the ground-level
concentrations will be, and what the impact
will be on the air-quality standards of that
region."

One of the problems, *Niemeyer finds, is
recruiting. "It's a fairly specialized kind of
work. Basically we look for people who have
solid academic training—a master's degree or
Ph.D. ... and general meteorological experi-
ence, so that they're aware of what the
atmosphere does, how it acts. Then, specifi-
cally, we look for any environmental experi-
ence, particularly in the air-pollution field.
It's this last quality that's most difficult to
find."

But not as difficult as finding final answers
to air-pollution problems; for here, as every-
where scientists work to assess the in^f^luence
of human activities on the environment, and
the answer to a question is almost never the
obvious one. The problem peels like an on-
ion—one is never quite finished.

*"^Sultur dioxide is a case in point," *Nie-
*meyer says. "The switch to low-sulfur coal in
some cities, replacement of obsolete factories
with environmental controls, and other fac-
tors have dramatically reduced the amount of
sulfur dioxide in the atmosphere. Three years
ago, I might have added that this reduction of
sulfur dioxide would ease a health problem.
Now ^I'm less certain. It looks as if the culprit
is not sulfur dioxide but one of the products
that occur as a consequence of having sulfur
dioxide in the atmosphere—sulfates. Sulfur
dioxide is emitted as a gas. but transformed
to sulfates in the atmosphere. Sulfates are
particles, small enough to be ingested deep
into the lungs. And sulfates are not decreas-
ing in cities. So in a sense we trade one
problem for another as our understanding
improves."

The reason sulfates are not decreasing ap^-^
pears to be that they are coming from some-
where else, possibly the big, i^solated coal-
fired *powerplants that have begun to dot the
American map. Thus, sulfates connect to
another freshly visible pollution problem—
long-range transport. "You reach a point
where you can solve the local problems."
explains George *Holzworth, "but what about
a hundred miles downwind? There you could
be making the problem worse. We're building
larger, taller chimneys all the time, and taller

chimneys have higher emission rates. The
higher you release emissions, the longer they
tend to remain airborne, and the more time
there is for gaseous sulfur dioxide to form
sulfates before the material is returned to
ground level at some point downwind. It
appears that's what's happening in our acid
rainfall in the northeast."

And there are the new problems that some-
times spring from what seem to be solutions.
The ubiquitous automobile o^f^fers an interest^-^
ing example. "EPA a few years ago was
thinking of what are called transportation
control strategies." *Niemeyer recalls. "These
would reduce auto emissions by sharply re-
ducing the amount of private automobile
traffic. That was not a very popular ap-
proach.

"The approach that^'^s now being used is to
control carbon *mono^Aide and some of the
other effluents from automobiles in order to
reduce the problem locally. But that is a long
process and presents difficult engineering
problems. You open the hood on a new car
and you see all those pipes running different
ways, to control emissions."

Then, a couple of years ago. the catalytic
muffler, which chemically destroys certain
compounds, was endorsed by the EPA as a
likely solution to the problem of emission
control, and major automakers began install-
ing the devices on new cars. "At about this
time," *Niemeyer says, "the question was
raised that the mufflers, while controlling
some emissions, would themselves release
pollutants—for example, *sulfuric acid—into
the atmosphere. Now this is a subject of
several research programs, to determine ex-
actly what a catalytic muf^f^ler does emit, and
what the impacts of those emi^ssions are on
human health."

A problem of that magnitude tends to satu-
^r^ate the sys^tem at the Meteorology Labora-
tory. Bruce Turner's branch provided rapid
response to compute estimates of how acid
emitted by catalytic mufflers would impact
people living near highways. *Russ Lee and
other^s in the Office of Air Quality Planning
and Standards were called upon to help de-
fine the problem. These first estimates helped
establish and refine agency policy. In time it
was found that there are many different types
of catalyst devices, some of which emit
hardly anything. ^Ken *Demerjian's group re-
sponded to the problem with a numerical
model that simulated the catalyst emissions
process. "Then additional information came
in," he remembers, "pointing out that ammo-
nia in the atmosphere neutralizes *sulfuric
acid, changing it over a sequence of events to
ammonium bisulfate to ammonium sulfate.
Health data indicate ammonium sulfate
doesn't pose any serious health problems, but
how far from the source will the *sulfuric acid
travel before being transformed?"

It is drama that goes on and on. Questions
are answered with questions. Problems are
solved, but solutions open upon new un-
knowns, new pollution problems. And those
are solved. *. *. *. That is how a North Carolina
laboratory lights the way to a clearer view of
what we've done, and to predictions of what
we can do, to the air in and over our towns
and cities. D
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is its name. A small, sunny
island not far from Puerto Rico, *Cule-
bra has until recently seemed to be of

little importance. A few biologists knew of it
as nesting site for two endangered species of
sea turtles, the *hawksbill and the leather-
head. Local mariners knew of it as the site of
one of the most secure hurricane harbors in
the Leeward Islands, *Ensenada Honda. And
several generations of U.S. *Navymen knew
of it ^because the Navy bombed, shelled, and
strafed it for 40 years.

The noise of explo^ding ordnance is gone
now. The natural sounds of calling *seabirds
and washing waves are joined only by the
modest thrumming of business and household
as the small population goes about its daily
affairs, conducted in the melodious tongue of
the *^p^uertohquenos. The island's unique natu-
ral resources are p^rotected*. Plans are afoot to
survey target areas to locate *unexploded
shells and bombs, and to post and patrol
hazardous zones.

*Culebra's newly-found importance lies in
the fact that these protective and restorative
measures are being undertaken under the east
coast's first (and the Nation's second) ap-
proved coastal zone management plan. A

Ce^r^tificate of Approval for the *Culebra Seg-
ment of Puerto Rico's coastal zone manage-
ment plan was awarded to Governor Carlos
Romero *Barcelo of the Commonwealth by
Robert W. Knecht, *NOAA's Acting Associ-
ate Administrator for Coastal Zone ̂ Manage-
ment, on April 15 in San Juan, P. *R. A
*NOAA grant of $295,000 accompanied the
certificate and permitted the Commonwealth
to put the *Culebra management plan into
operation.

*Culebra is about seven miles long and three
and one-half miles wide, and lies approxi-
mately 17 miles east of Puerto Rico, 12 miles
west of St. Thomas. Its total area, including
surrounding keys, is 7,700 acres. Its topogra-
phy is low and rolling^, with the tallest hill
being ^Monte *Resaca at an elevation of 650
feet. The long and intricate shoreline consists
of a series of bays, peninsulas, and bars,
some of which end in abrupt cliff^s, others in
sandy shores or mangrove forests.

*Culebra is also very dry. Mean annual
rainfall is only 36 inches, and about half of
this falls in the period August-November.
Nor are there any permanent fresh water
streams, so the supply of fresh water on the
island is very limited. The population de-

pends primarily upon drilled wells, cisterns,
and a small *desalinization plant. The lack of
water is in large measure *reponsible for the
small size of the population and the limited
development of the island.

The United States obtained *Culebra, along
with the rest of Puerto Rico, by the Treaty of
Paris of Dec. 10, 1898, at the end of the
Spanish-American war. The treaty also trans-
ferred title to Spanish Crown Lands (roughly
one-third of the land of the island) to the
United States Government.

President Theodore Roosevelt placed the
Federal land on *Culebra under the jurisdic-
tion of the Navy on Dec. 17, 1901. The Navy
maintained a large facility there from 1902
until 1911, returned briefly in 1914, and again
in 1924. In 1936 the Navy once again returned
to *Culebra, this time to establish target ranges
for ship and aircraft gunnery and bombing
practice. These facilities remained in active
use until 1975, when all active Navy opera-
tions ceased except for an electronic warfare
monitoring station. The Navy's use of parts
of the island for target practice had long been
a source of tension between the Common-
wealth and elements of the Federal govern-
ment, particularly in the last decade.

A Comeback
For

*Culeb^ra
By ROLAND *D. PAINE



Because of the value of the land and be-
cause of the controversy surrounding the
target areas, members of the United States
Congress became interested in the little is-
land, and on June 16, 1971, the Senate Com-
mittee on Interior and Insular Affairs adopted
a resolution requesting a study of *Culebra and
vicinity to determine the best uses of the
island's natural resources, including identify^-^
ing areas "that should be established as fish
and wildlife refuges, scenic and recreation
units, and development areas compatible with
the natural environment of the island." Two
years later the Secretary of the Interior and
the Governor of Puerto Rico submitted to the
Committee a joint report, *"Culebra: A Plan
for Conserva^t^ion and Development," in re-
sponse to the resolution. It was the first
major step in realizing the dream of islanders
and of *ecologists to end the use of the island
as a target and begin restoration, looking
toward preservation of the island's natural
qualities and limited economic development
consistent with the capability of the island to
absorb it.

The report concluded that the imminent
departure of the Navy, and the anticipated
transfer of e^xtensive federal property hold-
ings to Pue^r^to Rico, would create "both a
unique opportunity and a new responsibility,
not only for *Culebra's residents, but also for
the enhancement and preservation of *Cule-
*bra's remarkable natural and wildl i fe re-
sources."

The *NOAA funds to implement the coastal
^zone management program for *Culebra are
intended to help Puerto Rico respond to that
opportunity. They were granted to support
the management phase of the *Culebra Seg-
ment, as it is called—just one part of Puerto
Rico's overall coastal zone management plan,
but a particularly significant part because it
meets a pressing need.

The real beg inn ings of Puerto Rico's
coastal zone management program go back to
1972. the year that the federal Coastal Zone
Management Act was passed. In that same
year, working quite independently, a group of
interested citizens produced a report called
"Puerto Rico and the Sea" that proposed an
action program for marine affairs, a report
submitted to the Governor. That landmark
document ident if ied the cri t ical problems
faced by the coastal zone of the Common-
wealth, and provided general guidelines and
recommendations for solving them.

The Department of Natural Resources of
Puerto Rico built upon the knowledge and
impetus provided by the group's publication,
and worked with the Puerto Rico Planning
Board and *NOAA's Of^fice of Coastal Zone
Management to create an overall management
program. Within the Department, part of the
staff set to work on an overall coastal zone
management plan, and established the *Cule-
*bra Segment—a geographical, political, and
resource unit whose urgent and special man-
agement needs were recognized.

Early on. in conjunction with Carol *Sond-
*heimer of *OCZM. it was decided that plan-
ning for the *Cule^bra Segment should go ahead
rapidly , preceding the ^overall Puerto Rico
management plan, so that the Commonwealth
could put in place as quickly as possible an

approved plan for restorin^g the battered l i t t l e
island.

As with all coastal zone management plans,
devising the *Culebra Segment involved taking
into account the comments and suggestions of
two groups that on the surface may appear to
be ^widely divergent, but that in the crucible
of open and democrati^c planning often turn
out to have similar or complementary vie^ws.
One gr^oup is composed of government agen-
^cies, working to carry out their legal responsi-
bil i t ies to the nation's ^citizens. The other
group is the citizens themselves, expressing
(heir needs and desires direct ly.

Comments of the federal agencies ^on the
draft plan of the *Culebr^a Segment ^added
strength to the d^ocument in many ^ways. The
Environmental Prote^ction Agency, for e^x^am-
ple, raised helpful ^questions regarding solid
waste and waste wate^r disposal. The National
Marine Fisheries Service noted its interest in
preservation ^of endangered ^and thre^atened
species of sea t u r t l e s . The C^oast Gu^ard

*Culebra

Vieques Sound

Vieques I.

PUERTO RICO

wished to ensure that navigation aids would
be adequately maintained and that marine
pollution laws would be properly enforced.
The Department of the Interior provided the
planners with a list of working contacts fr^om
such groups as the Fish and Wildlife Service,
the Bureau of Outdoor Recreation, and the
U . S . Geological Survey, who could be help-
ful in many aspects of the plan. The Navy
provided vitally necessary maps and charts.

Comments from the citizens of *Culebra
came from the vantage point of the people
most directly concerned. Public hearings in
June. 1976. elicited much of their helpful
comment. Mayor Ramon *Feliciano of *Culebra
pointed out that the *Culebra Municipal Gov-
ernment had already prepared a development
plan, and suggested greater emphasis on spe-
^cific uses of certain coastal areas. A property
owner provided information on alleged illegal
uses of the land, which he felt ought to be
recognized in the plan. Another resident ex-
pressed interest in the waste water treatment
facilities planned. A commercial ^f^isherman
pointed out the relationships between the
local fishing industry and the mangrove for-
ests, asking for procedures that would answer
the needs of the industry.

Plans for managing *Culebra—owing to its
small size, the entire island is encompassed
within the coastal zone—will assist the natu-
ral as well as the man-made environment of
the isle. Most of the ecosystems— and *Cule-
*bra contains a surprisingly large variety—
have been affected by the presence of man.
but there exist the remnants of many original
communities of plants and animals. Some of
them are *. *. *.

H i l l y savannah, from grassland to sparse
forest *. *. *.

Hil ly forests, from dry to moist *. *. *.
Beaches *. *. *.
Lagoons, just behind several of the beaches

*NOAA A^s^sociate Administrator for Coa^stal ^Zone ^Management Robert W*. Knecht and
Puerto Rico Gov^ernor Carlos Romero *Barcelo (^center t^wo figure^s^) hu^d^dle durin^g^
ceremon^y a^warding Certi^f^icate of Appro^val to the Com^mon^wea^lth for the *C^ulebra
se^gment of ̂ it^s coasta^l ̂ zone management plan.



*it to C^el̂ ebra
*SO^NDHEI^MER of t^he Of^f^i^c^e^

of Coa^stal ^Zone ^Mana^g^ement v^i^s^it^e^d^
^w^hile ̂ workin^g ̂ wit^h the Co^m-

^monwealth of ̂ P^uer^to ̂ Ri^co on the *Culebr^a^
Se^gment. Her impres^sion^s of the isla^nd ^were
stron^g an^d lastin^g; ^upon ret^urning to S^an
J^uan ^she jotted them do^wn. The f^oll^owin^g i^s^
an e^x^cer^pt.

*Culebra—An almost unnatural stillnes^s and
quiet punctuated only by the breeze rustling
through the trees (not palms, trees) and re-
sponsive crowing of rooster^s in yards along
the route into town.

*Culebra is reached either by air or by
water. It is off the eastern end of Puerto Rico
separated from the main island by a series of
minuscule is lands, rock *outcroppings and
coral reefs. St. Thomas, the Virgin Islands, is
visible from the eastern portion of *Culebra on
a clear day. By ferry, the trip between Puerto
Rico and *Culebra takes three hours, if the
waters are calm enough to permit the ferry to
chance the crossing. By plane, i t^ 's less than
an hour from San Juan.

The approach to *Culebra by air is compli-
cated by the necessity of having to go clear
around the island and approaching it from the
far (eastern) end when the Navy is engaged in
bombing practice along the western peninsula
of the island. Such is the case today and the
approach is not an easy one. The wind is at
the plane's tail and the airstrip is a short run
at the mouth of the enclosed harbor, dead-
ending in to a small moun ta in . Two ap-
proaches are necessar^y before the landing can
be successfully negotiated (and even then,
with a lot of buffeting and bumping of the
aircraft).

Once on the ground, the sense of stillness
is par^amount—the lack of intruding noises.
the heaviness of the air. the lack of activity
within the houses, the slowness with whi^ch
the people move a^bout.

*Culebra is populated by approximately
1.000 people in two neighboring towns—

Clark and Dewey—named, appropriately
enough, for Navy admirals. In addition to the
(wo towns, the only *^Mher major installations
on the island are th^e naval surveillance facil-
ity on the northwest blu^ff of the island and
the naval target range on the western penin-
sula. The Navy has *e^xcessed the target range
and supposedly will vacate that property as of
J u l y I . 197^5. Whether they complete th^e^
actual physical move by that dat^e or not. the
mayor and townspeople of *Culebra intend to
hold a m^a^jor celebration on that date, a ̂ sort
of advance independence day c^elebration.

The only way to get into town from the
airstrip is to walk—slowly, in the early morn-
ing heat. ^Past homes bui l t on ̂ s^q^u^atte^d land
adjacent to the water , past ^an open ^air
bleacher for watching baseball games, past
the power plant which is across the str^eet
from the bandstand that is the focal point of
the Club Nautico *Culebra fishing ^Competition
held annual ly in January, past men sitti^ng
about on porches of small wooden hous^es,
past the high school upon a h i l l and th^e^
elementary school lower on the slope, past
the dispensary with the shiny^, new ambul-
ance parked out front. The *Alcaldia—the City
Hall—is located at the top of a s^m^all h i l l . It is
painted a bright yellow-gold and the inside is
in the process of renovation. The mayor is
located on the second ̂ f^loor. His office, in the
front of the building, has a panoramic view of
the harbor and the bay on either side. Ther^e^
are no walls to the office yet. So the mayor'^s^
desk and the four chairs for his guest^s create
an almost *Pirandellian effect on this wall-less
platform that represents an office.

Flamingo Beach is boasted about as one of
the loveliest beaches in all of Puerto Rico.
The sand has a ̂ f^inely bleached *^silkiness^: the
sky is a br i l l ian t , cloudless blue, and the
breeze has a refreshing Coolness to it. Flam-
ingo Beach, however, is a small parc^el of
*shorefront surrounded on thr^ee sides by
heavy steel fences. This is becaus^e Flamingo
Beach is a piece carved out from the naval
target practice range.

At ̂ f^irst, one wonders how these people liv^e^
and what they do for entertainment. Tourism
is not a great mainstay of the econ^omy.
There's a small hotel in town and a fe^w^
houses on the far side of the harbor that are
rented by the week. There are occasional
*overnighters—folks sailing leisurely about the
Caribbean. Some of the wealthier Puerto *Ri^-^
*cans maintain second homes on *Culebra an^d^
there is a small plastics casing indu^stry on the
island. There are people on this i^sland, ho^w^-^
ever, who have never seen a movie, ^a mu^-^
seum or even been off the island as far as San
Juan. But there is televi^sion and there are
several bars, an^d more than that there is th^e^
sun. surfing and fishing: there is the t ime t^o^
sit around with friends and the freedom not to
worry about t ime and other barbarities of
urbanized life. After a bi t . one no l^onge^r^
wonders at how they live *. *. *. one marvels, a

Mangrove swamps *. *. *.
And coral reef^s.
Plus, of course, the ecosystems that now

include humankind a^s the dominant life—
towns, harbors, and fishing grounds.

The tallest trees on the island are fan-
leaved palm^s, some up to 50 feet in height,
but they are fa^st disappearing because of
h u m a n i n t e r v e n t i o n , l eav ing only much
smaller trees behind. Of the 372 species of
plants, both native and introduced, three are
found on *Culebra and nowhere else in the
world. Wild orchids abound in some areas.

Another striking life form is the bird popu-
lation—sooty terns, bro^wn boobies, laughing
gulls , brown pelicans (an endangered spe-
cies)^, Bahama pintails, and masked and ruddy
ducks are among the many of interest to
ornithologists. They share habitats not only
with the two endangered species of tu^r^tles,
but also with the loggerhead and green sea
t u r t l e s , which have been proposed for
"threatened" statu^s.

Designation of protected wildlife areas ha^s^
already begun, and is high on the priority li^st
for the island's management.

Because of the limited space and uncertain
water supply, the human population of *Cule-
*bra is planned to be kept to a very lo^w^
growth, up to 1.057 in 1980 (only about 67
more than the 1977 population) and no more
than 1,221 a decade later. The li t t le towns of
Dewey and Clark are to be provided with
sewer and water as part of the pollution
control program, and the special problem of
squatters—people who have established resi-
dences on public land—will be addressed
through gradual removal, as alternative hous-
ing nearby can be made available for *bona^f^ide
residents.

Air pollution is virtually non-existent on
the i^sland, but its peculiar pollution problem,
that of the *unexploded bombs and shells, will
be addressed by locating and marking the
areas. Eventually, it is hoped^, ways can be
found to remove or defuse the ammunition,
so that additional acreage can be restored to
safe use.

Records show that there are about 38 com-
mercial Fishermen on *Culebra. working about
2^5 boats of 14 to 18 feet in length. Their most
important catch is spiny lobster, although
catches have declined in recent years. On the
other hand, recent statistics by the Common-
wealth agency *Acción *Comunal indicate a
sharp increase in total fish catch, a trend that
will be encouraged. The plan also envisions
development of *sportfishing resources around
the island.

*C^ulebra is its name. Snake, in Engli^sh. The
sunny little island has fangs of powder and^-^
steel, a lethal potential for the unwary. But
now it also has the capability to be *defanged.
An approved coastal ^zone management pro-
gram, a vigorous Commonwealth government
to put the plan into practice, and the suppo^r^t^
of *NOAA^'s Office of Coastal Zone Manage-
ment will ensure that the natural resources of
*Culebra—the plants and birds, the turtles and
^f^ish, the beaches and forests—can undergo
restoration and replenishment. And most im-
portant, the people of *Culebra can expect to
see a steady enhancement and enrichment of
their lives. ^D
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*[^J ILL DONOVAN sat facing a U-shaped
[^^console of closed-circuit television

monitors and radar displays in the Ca^pe
Cod *CanaJ traffic control center. He glanced
up from the console and looked out the
^uninterrupted runs of tinted glass on three
sides of the room. It ^was an early spring
morning—bright, ^windy and cold—with
white, swirling rivulets of powdered snow
blowing across the ground and into the canal.
There was no traf^f^ic. He leaned back and lit a
cigarette.

"It was the worst ice pile-up since the
winter of 1933-^34." ̂ said *Donavan who was in
his 49th year as a traffic controller. "A 300-
foot sheet of ice ^more than four feet thick
^cleaned out more than 16 dolphins, a 40-foot
pier at the east end^, and destroyed the tide
gage house."

For a few moments Donovan watched ^f^ive
Canadian geese th^at were poking their beaks
under small clumps of frozen turf on the
windless side of the Center. "The canal had
to be closed for thr^ee weeks," he continued.
"The only other time the canal was closed
before was when ̂ a coal carrier hit the block
and sank near the Bourne Bridge."

Beyond the ge^ese, two sea gulls hovered
near shore, suspended above the water
against the wind. Only their heads were mov-
ing, from side to side, ^"That's Bonnie and
Clyde," he said. "They^'re still looking for the
pilings they fought continuously over last
summer—sheared right off at the mud line."

The destruction to piers and pilings on the
Cape Cod Canal by the Nation's coldest
winter in decades also had an equally severe
effect on at least half of the National Oceanic
and Atmospheric Administration's primary
tide observation stations in the northeastern
Uni ted States. Stra tegical ly dispersed
throughout coastal an^d oceanic waterways,
*NOAA's network of tide stations are a source
of tidal knowledge that is indispensable ^in
determining issues rangin^g from safe naviga-
tion to construction of of^fshore facilities.

*NOAA's National Oc^ean Survey began a
systematic collection of tide data in 184^4 to
support mapping and charting effort. This
information was necessary for the determina-
tion of the mean high water datum for deline-
ating the shoreline and the mean low water
datum for a common reference of the depth
soundings on nautical charts.
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To provide the capability to determine
these *datums, the National Ocean Survey
today maintains a network of some 130 pri-
mary control tide stations which constitute
the National Tide Observation Network.
These stations provide the long-term records
covering the full 19-year *Metonic cycle re-
quired for determination of tidal *datums. It is
through these stations that tidal *datums may
be computed from shorter period of records
and reduced to the equivalent of 19-year
mean values.

In addition to suppo^r^ting hydrographie sur-
veys and making tide predictions, one of the
largest demands for tidal observations is in
the area of coastal zone management where
the legal aspects of coastal property bounda-
ries involve the location of local tidal datum

lines. These marine boundary determinations
establish ownership and control of valuable
coastline property and submerged resources.

Anticipating the increasing need for these
determinations,.'the National Ocean Survey's
Office of Marine Surveys and Maps has initi-
ated a comprehensive effo^r^t to obtain the data
required to establish the marine boundaries of
the United States involving nearly 90,000
miles of shoreline in 27 coastal states and
island possessions. The estimated cost for the
program is $40 million and the time involved,
governed by available resources, could run
from 20 to 30 years. Within this plan the NOS
tide station plays a most significant role.

The basic information for tidal *datums is
gathered by the Océanographie Division's Ti-
des and Water Levels Branch from the meas-

uring tide station, which is classified either as
primary, secondary, or tertiary. The station,
often called a "shack" by its observer, or
tide-watcher, houses equipment to take the
temperature of the water, to measure the
tides and to record each variation as an aid to
mariners. This is done by a float which rides
up and down on the surface of the water, as
the tides rise and fall. The float, which isn't
affected by wave action because it sits
shielded inside a circular well, operates the
*analog-to-digital recorder tide gage inside the
station. Using a dry cell battery to conve^r^t^
the motion of the rotating float-wheel shaft
into a coded *punched-tape record, the water
level is ^-recorded at selected intervals. The
observer, who can either interpret the code
visually or have it machine processed by a

Cont^roller Bill Donovan ^(left) keep^s ^a^
^watchf^ul eye over ca^nal traff^ic ^while the
^New Bedford Hurricane Barrier tide ^gage
(abo^ve) warn^s that an excessively high tide
is imminent. As indicated by t^he flat trace,
the barrier ̂ was closed at 8 p.m.

*^'^* *. *^,^_^_

Far left: Jil^l Meld^en, Ji^m *Di^xon and Al *Landsbergis in^spect remains
of Bu^z^zards Bay ̂ (^Mass.^) pier. Because of the severe winter damage
to their tide station^s, observers Mad^ge *^Kas^kela (left) and Fred ^Wiley
(above) will get new stations.
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special translating device^, must check the
ga^g^e at least ̂ f^ive ti^mes a week.

The winter of I *"П caused many tide gage
malfunctions such as ^f^loats freezing in the
float wells which resulted in wire breakage
and t^angles. Of a more serious nature, how^-^
ever, was the damage of the ice on the ^f^ixed
tide sta^ffs to which all tidal *datums are refer-
enced. To evaluate damage to the tide sta-
tions from North Carolina to Maine, a special
reconnaissance team headed by James *Dixon
of the Requirements & Facilities Section, left
NOS headquarters in *Rockville. Md.. on
March 24. Accompanying *Dixon were Al
*Landsbergis and Jill *Meldon.

Driving during most of the night through
gale-force winds and freezing rain, the team
arrived in Boston where it would continue its
inspection from Cape Cod to Rockland.
Maine.

The following morning, the team drove to
Boston's Fort Point Ch^annel. The rain, inter-
mittently mixed with snow, resolutely fell.
From outward a^ppear^ances, the Boston tide
station looked as if it had survived the winter.
But on closer examination, the team discov-
ered that the station's foundation had been
substantially da^maged by ice and frost heave.
Even steel braces that held the float well to
the piling had been destroyed, and the tide
measuring device was out of plumb.

While the team set up surveying equipment
to con^f^irm its observations, Fred *W. Wiley,
the station's observer, came to make accu-
racy checks and to take readings of tempera-
ture and tide. Wiley, who receives $50 a
month, has been a tide observer since 1972
when he retired from the National Weather
Service.

^"That's not all I watch," he said as he
checked the damaged ̂ f^loat system. "^Until the
*winos moved to the combat zone up on
Stewart Street, this pier was their meeting
place. I^'ve had only one break-in, though.
And that was years ago."

Wiley is part of a small army of tide
observers who visit their stations daily and
report on tide height, salinity, and the temper-
ature of the water and air to NOS headquar-
ters in *Rockville^, *Md.

"Last year, I missed one day because of
the snow and ice," said Wiley, who lives in
Avon, about 19 miles f^r^om the station.

The reconnaissance team later recom-
mended that Wiley's tide station be replaced,
and if possible moved to the nearby New
England Aquarium. Wiley will still be its tide
observer, and will maintain the station's new
equipment which will include both a digital
and analog gage which draws the actual tide
curve. Plans also call for the station's tide
recorder to telemeter water levels to the
National Weather Service at Logan Interna-
tional Airport, providing information to aid in
warning Boston's metropolitan area of rising
water levels from winds or heavy rains.

The tide station at Sandwich, Mass., stands
alone on the U.S. Army Cor^p^s of Engineer's
patrol dock. It is under the daily surveillance
of Madge *^Kaskela who recently had to re-
place its lock because "everybody from hell
to brea^kfast had a key." and was using the
station for fishing and drinking beer.

^Sc^h^ematic vie^w of in^s^tallation of ^stan^dar^d^
automatic ti^de ^gage.

Mrs. *^Kaskela has been a tide observer for
six years, a job she thought would end ab-
ruptly one day last winter when the ice,
"smacking up under the floor," nearly de-
stroyed the station.

"We're going to take a ride today," she
thought when she called t^he Corps for assis-
tance. Together, they ̂ t^ied a hawser around
the shack, securing it to a cement post.

"The ice took the pulpit which connected
the tide house to the tide sta^ff," she said.
"And the pile foundations were destroyed."

For a comparison, Mrs. *^Kaskela believes
that the storm in 1933-34 was far worse than
the one last winter. "All those who survived
that," she said, "got married the next year."

Mrs. *Kaskela is a *"canaler." Her husband
has spent 25 years on the canal, and her
father, one of the original pilots on the Cape
Co^d Canal, formed the first pilot association.
Besides her job as a tide observer, she runs a
rooming house, and opens sea scallops which
she s^ays are a "tremendous bona^nza off the
back side of Buzzards Bay here."

Mrs. *Kaskela also delivers telephone
books, and is a newspaper reporter. "I got an
oar into everything that goes by," she said.
Between all of these activities, she finds time
to visit Florida every year—ferrying someone
else's automobile. Du^r^ing this brief absence
from her beloved canal, ^she has trained a
young Navy veteran "to do the stuff' at the
tide station.

In spite of its appearance of solidity, Mr^s.
*Kaskela^'s tide station must be completely
rebuilt. It has also been recommended that
the station be relocated elsewhere on the
canal.

Bill Donovan was pointing to where the
Cape Cod tide station had been located when
Frank Morris entered the control Center.
*Dixon, who had met both Donovan and Mor-
ris during a previous visit to the U.S. Army
Co^r^p^s of Engineer^'s facility, introduced Mor-
ris to his reconnaissance team.

"The ice formed in Buzzards Bay. at the
west end of the canal," said Morris, who is

a control center engineer. "The current,
which is about four knots, moved the ice in
sheets 300- to *^400-feet long through the ^canal.
It completely destroyed the pier on which the
tide sta^t îon had been built."

Morris went over to the Bristol transmitting
gage system which is the canal's link to the
Bedford Hurricane Barrier tide gage. Pointing
to the heavy line indicating *NOAA's pr^e-
dicted tide levels for New Bedford, he said
that the computer printouts ^supplied by
*NOAA to the Corps and the comparison of
these lines "allows us to predict the tide
surge, which yesterday—because of the rain
and snow—was 4 feet 6 inches. With this
information, and the fact that there were
winds up to 68 knots, we closed the barrier
gates and cut the top of the tide off to
maintain the water level inside the harbor.
This action saved at least $75.000 in possible
flood damage." He said that the data also can
be used to decide whether a large vessel will
get the green light to enter the canal.

Leaving the Center to inspect the tide
house and pier damage. Morris mentioned
that the Sandwich Police Department had just
found "a new type offish in the canal."

"What was its specie?" asked a member of
the NOS team.

"Silver Cordoba." said Morris. "With bar-
nacles."

The ice had completely destroyed the huge
support pilings at the end of the pier, cutting
them off at the mud line, leaving only a few
feet of catwalk dangling above. Before the
destruction of the pier, the Cor^p^s had re-
moved the tide station to shore and safety. In
its recommendation, the team requested that
the building's lo^cation be changed to a site in
Buzzards Bay. The move would provide bet-
ter control for the entire Bay area where tide
measurements and its characteristics would
not be as limited as on the canal.

In the detailed damage and impact assess-
ment prepared by *Dixon's team of the 42
primary and eight subordinate stations
checked in the northeastern coastal states, 14
stations were completely destroyed and re-
quire immediate reconstruction. Nineteen of
the remaining stations were damaged or
weakened and require refurbishment or repair
to station components such as building, foun-
dations, ̂ f^loat wells, and tide staffs.

Emergency repair operations and verifica-
tion leveling by NOS personnel was initiated
im^mediately and is continuing until comple-
tion. The cost for the reconstruction and to
restore the operation of the National Tide
Observation Network is estimated at
$374,000.

In his assessment report, *Dixon said "the
impact of damage to NOS tide stations due to
the severe winter of 1977 has been cata-
strophic." The damage, if not repaired,
would result in a loss of vital data required
for accurate determination of tidal *datums
used by Federal and state agencies and pri-
vate industry.

With emergency f^unding requested, NOS is
working to return the damaged stations to
service and ensure stability of tidal *datums.
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Tips From The Pros
What can indiv̂ idual Americans do to help the
nation save energy?

Plenty. To begin with, their automobiles bum
14 percent of all energy consumed in the *U.S
each year, and the heating and cooling of their
homes accounts for an additional 1^1 percent.
There is room for en^ormous ^savings of fuel—
not to m êntion money—in bot̂ h areas. But there
are al̂ so scores of other ways for consumers to
conserve, some of them s^urprising. Not many
people know, for Instance, that their h^ot-water
heaters gulp more energy than t̂ heir air condi-
tioners, refrigerators, color-television sets and
freezers combined. Or that the pilot light on a
gas range accounts for up to 50 percent of the
gas used by the appliance and should be
replaced with el̂ ectric î gniters.

Exp^ert̂ s also say tha t̂ people who use dish-
washers con^sume less energy th^an those who
wash by han̂ d an^d run hot ^water to rinse the
dishes. But, they point out, those who stoke up
their fireplac^es thinking they are sav îng on gas
or fuel oil are wrong: m^ost firepl̂ ac^es actually
suck more heat out of the house and up the
chimney than they radiate.

The most conspicuous en^ergy consumption
Is done by the family car, and no cons^ervation
policy is likely to prove worthwhile unless it
persuades people to drive less. Car pools
represent a big opportunity. Commuter cars
today carr̂ y an average of only 1.3 persons
apiece, and the Federal Energy Administration
says that if just one more passenger climbed
into each car for each trip, enough gasoline
would be saved daily to power ^67,000 cars
traveling from San ^Francisco to New York and
back again. What's more, if each car owner
could eliminate one sho r̂̂ t trip a week—to the
supermarket, for example—the nation's gaso-
line bill could be cut by 7 percent.

There are as many other energy-saving tips
around for drivers as there are options on a
new sports car. By observing the *55-mile-per-
*hour speed limit rather than driving at 70 *mph,
for instance, motorists will cut their gasoline
use by 21 percent. Drivers should also acceler-
ate slowly, saving not only fuel but engine and

*DON't wash the dishes by hand

tire wear. And they should check their tire
*pressu e often: *underinflated tires lead to the
use of more gas.

Cold Comfort: Cutting the energy load re-
quired to heat t̂ he nation's homes requires two
things: more insulation and a willingness to
give up a little con t̂̂ ort. ̂ More than half of all U.S.

homes are either im^properly insulate^d or not
insulated at all. Adding 6 Inches of insulation
on the a t̂̂ tic f̂̂ loor and buying storm windows
would probably co^st hundreds of dollars, but
the investment returns dividends in lower heat-
ing bills—an^d ends up payin^g for itself in a few
years.

Homeown^ers can reduce their heating costs
15 to 20 percent simply by turning down their
thermostats 6 de^gre^es Fahren^heit—the amount
President Carter suggested last winter. If the
temperature in even^/ home were cut by that
much, enough fuel would be ̂ saved each winter
to heat 9 million homes. For ̂ about $^50, home-
owners can buy cloc k̂ thermostat̂ s that auto-
matically tu^r^n down the heat at night and turn it
back up a^gain in the morning.

DO break out the manual *lawnmower

For those who find chilly houses uncomforta-
ble the *FEA suggests that warm clothing is "the
best insulation of all." *^Madelyn *Lefkowit̂ z of
Cleveland Height^s, Ohio, says her family
reaped a huge fringe benefit by shutting off the
heat to bedrooms and forcing everyone to
congregate in the family room. "Family rela-
tions were never better," she says. "We had
more opportunity to communicate and do
things together." Consumers can also save
themselves money this summer by turning their
air-conditioner thermostats up; keeping the
house at 78 degrees *F. instead of 72 can cut
cooling costs by 47 percent.

Guip^er: The consumer's next biggest energy
guiper is the hot-water heater—it accounts for
15 percent of the fuel used in the home. The
temperature of a heater is usually set at about
150 degrees, but people who drop that to 120
degrees will find their water still hot and their
fuel bills down 9 percent. Most households can
also do with a lot less hot water. Warm or cold
water can do most loads of laundr̂ y nicely, and
showers use only about half as much hot water
as tub baths. Le t̂̂ ting the hot water run while
shaving is an obvious waste, and wet-shaving
itself isn't efficient. Val *Finlayson, engineer with
the Utah Power & Light Co., maintains he can
use an electric shaver for two full years on less
energy than it takes for two or three wet shaves
with the water running.

There are myriad other ways ̂ for individuals
to conserve, and they could add up to a big
savings. Lighting experts point out, for exam-

pie, that even though they are initially more
expensive, fluorescent bulbs are cheaper to
operate than ^normal incandescent bulbs and
they last up to ten ̂ t̂ imes as long. Where lighting
isn't a safety factor, removing one bulb from a
three-socket fixture and substituting lower-wat-
tage bulbs for t̂ he other two can cut electricity
use appreciably. And switching off *unneeded
lights may be the best saver of all.

Each household a^ppliance offers conserva-
tion opportunities of its own. Ovens seldom
need to be preheated, despite what the recipes
say, and they can be turned off about ten
minutes before the f̂ ood is done—the residual
heat will fin îsh the job, and save the household
chef money. Frost-free refrigerators save a lot
of work, but they are also prime energy was-
ters. Dishwashers should be run only when full.
*Г^пеу also should be turned off when the final
wash cycle is completed and the door should
be opened, letting the dishes air-dry. Refrigera-
tors and freezers should be kept as full as
possible—food retains cold better than air, re-
ducing the load on the equipment.

Fre^e Advice: To help drive conservation
home, more and more utilities around the
country are giving their customers free advice
and "energy audits" on how to use their appli-
ances more efficiently. And the *FEA urges
pe^o^ple to begin thinking in terms of life^-cycle
costs rather than price tags when they buy

^DON Т light up the fireplace

appliances. A cheap room air conditioner may
cost less than one with a high "energy-effi-
ciency" rating, but over the life of the unit, fuel
savings from the more efficient machine will
more than offset the price differential. Con-
sumers who want to press conservation still
fu^r^ther can make sure that the blades on their
power lawn mowers are sharp—d^ull edges
me^an that the motors have to run harder.
Better yet, hand mowers consume nothing
more than people power.

President Carter's energy program will be
followed by official exhortations to save fuel in
ways such as this, and the question is whether
or not American consumers will pay any atten-
tion. Thus far, they haven't been listening very
carefully. But the cost of ̂ ener^gy is bound to
rise as a result of *t^h^f Pre^sident's plan—and
perha^ps more than any patriotic calls to con-
serve, hî g^h^er fuel prices may prove to a nation
of ̂ energy squanderers the virtue of frugality, ^a

*NOAA ^Magazine July ̂ 1977
Cô pŷ r̂ ight 1977 by *N »̂w ŝw^M^h. Inc. All right̂ s *r̂ e^e^erv̂ ed. R êp̂ r̂ int̂ ê d ̂ by p^er̂ mî ŝ sion.
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WESTERN-RIGGED New England
trawler steams steadily through the
^dark. July-warm waters of the North

Atlantic 180 miles due south of Rhode Island.
It is 5:30 in the morning and outside the first
hints of the new day loom grey on the hori-
zon. In^side, the monotonous throb of the
engine, a *G^M 8-71, is broken occasionally by
a high-pitched whine from the auto pilot's
electric motor under the instrument panel.
The only light comes from the instrument
panel itself and a t iny bulb i l luminating the
compass.

Alone in the *wheelhouse. the captain of the
vessel is searching for a bright orange plastic
buoy marking a half-mile long trawl line of
lobster pots lying under 150 fathoms of water.
The buoy is large, about three feet in diame-
ter, and it is topped by a tall pole bearing a
radar re^f^lector. But compared to the area of
the Atlantic fishing grounds, it is smaller than
a ping-pong ball in the middle of a 10.000 acre
Kansas wheat ^f^ield.

The ^captain glances back at a small grey
box which is silently displaying electric-green
numbers on a tiny panel. He makes a slight
course correction to the east, flips on his
radar, and in less than seven minutes is
alongside the buoy. He and his four-man
crew are about to begin a long, hard day of
*lobstering.

Navigation has come a long way since the
time when sailors had to rely on sextant and
compass, chr^onometer and astronomical ta-
bles, all of which were subject to built-in
inaccuracies or human error or both. And in
bad weather, with a cloud cover that might
prevent a ship's getting a fix for a week or

more, all a master could do was depend on
careful guesswork and a lot of luck.

The notion of anchoring a three-foot ^f^loat-
ing sphere to the bottom of the ocean, a^lmost
200 miles from shore, and then returning five
or ten days later to pick it up would have
struck even the most competent and far-
sighted navigator of 100 years ago as utter
nonsense.

Since World War II, however, remarkable
progress has been made in the ̂ f^ield of naviga-
tion, particularly through the use of radio
transmissions from shore. One of the most
important advancements, both to commercial
and military craft, has been through a system
called *Loran-A (for *LOng *RAnge Naviga-
tion).

Called a hyper^bolic system, because the
transmitted radio signals define hyperbolic
lines of position on a chart. *Loran-A works
this way: a land-based *Loran station (called a
master) t ransmi t s a series of continuous
pulses of known frequency, in the 18^50 to
1^950 *kiloHertz (kHz) range. A second trans-
mitter (called a slave or secondary station)
some 200 to ̂ 300 miles away beams an identi-
cal signa^l—same pulse rate and same fre-
quency. Because the two transmitting sta-
tions are separated geographically, unless a
vessel is exactly equidistant from the two
stations, the signal from the closer station will
be received a few microseconds—millionth of
a second—before that from the more distant
station. Onboard a vessel—our New England
lobster boat, for example—a *Loran receiver
picks up these signals, calculates the delay in
microsecond^s, and displays a number show-
ing the delay. There is one further refine-

Sea Grant
helps in the quest

for pinpoint
navigation

By BRIAN *E. GOR^MAN
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The Coa^st G^uard'^s seco^n^dary *Loran-C
trans^mission station for the ̂ west coast,
located in *^Middletown, California ^(a^bove^).
At left, Oregon State University's Dr.
^Daniel *^Pans^hin conducts a class for com-
^mercial fishermen on the forthcoming
s^witchover from *Loran-A to *Lora^n-^C*.
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ment. You may recal̂ l from Mrs. O'Connor '̂s
al̂ gebra class that a hyperbola has bot̂ h posi-
tive and negative values. In order to insure
that only positive values are received, the
secon^dary station delays its transmission by a
predetermined time factor, generally 1000 mi-
croseconds.

It is only neces^s^ary for the v^alue of the
delay to be compared with a series of num-
bered *Loran curves printed on a nautical
chart for a skipper to know that his vessel lies
somewhere along a particular hyperbolic
cur^ve. A second reading from another pair of
*Loran stations, gives a second, intersecting
curve and therefore a ^f^i^x.

*Loran has a number of advanta^ges, not the
least of which is the fact that it isn't neces-
sary to understand any of the foregoing expla-
nation to determine where you are. It has a
considerable range, from 500 to 700 miles
during the day. And it's rem^arkably accurate,
with an absolute accuracy of one-half to two
nautical miles and a *repeatable accuracy—
that is. the ability to consistently return to the
s^ame spot time and time again—of 500 to
1^500 feet. Furthermore, unlike the system of
celestial navigation that had been used for
centuries. *Loran-A is not seriously affected
by bad weather and can be used day or nig^ht.

In spite of what would seem to be an
almost ideal system for o^ffshore navigation,
the Department of Transportation through the
U.S. Coast Guard, which maintains all ̂ U.S.
*Loran transmitting stations, decided in the
early 1970 '̂s to take a hard look at the naviga-
tional requirements of vessels in the coastal
con^f l̂uence region, that is. the area from the
coast out to the 100 fathom curve or 50
nautical miles, whichever is greater.

And it discovered some serious problems.
*Loran-A transmitting stations, many of which
had been in operation since the 1940's*,*
needed upgradin^g at considerable capital ex-
pense. ^Moreover, some sections of the coast
had ^"dead spots" close to shore where, be-
cause of the location of transmitting stations,
there was poor *Loran coverage. Finally,
there was the question of accuracy. With
increasing merchant traffic, much of it involv-
ing oil tankers, an absolute accuracy of even
one or two miles might not be enough. For
commercial ^fishermen, who frequently need
to know exactly where they are, either to
pick up crab or lobster pots or to avoid
tearing up their nets on known underwater
obstructions, a *^r^epeatable accuracy of 100 to
1500 feet could prove insufficient.

As a result, on May 16. 1974. the Depart-
ment of Transportation published its plans in
the Federal Register to implement a new,
more e^fficient, and more accurate system of
long range navî gation: *Loran-C.

*Loran*-C, which has been in operation on
the U.S. east coast since 1958 and the Medi-
terranean Sea since 1959. works in much the
sa^me way as *Lor^an-A. although the transmis-
sions are at a much lower frequency, 100
kHz. It has a number of clear-cut advantages,
however. Its range is far greater, up to 1500
miles during the day. It requires fewer trans-
mitting st^ations and fewer operators at each
station, lowering both capital and labor costs.
And its ability to tell someone where he is is

^almost uncanny, with an a^bsol̂ ute accuracy of
one-tenth to one-half a n^autical mile and a
*^r^epeatable accuracy of 50 to 500 feet!

The Coast Guard soon discovered, how-
ever, that implementing a new system of
navigation would present more than mere
technological hurdles. True, a network of
*Loran-C t^r^ansmitting stations had to be built
and engineers had to be put to work to insure
that the electronics involved would be relia-
ble, economical to run. and protected against
obsolescence over the next decade or two.
But the Coast Guard's greater challenge
turned out to involve not its own transmitting
hardware but the users themselves.

The present users of *Loran-A. those who
would be most affected by the *Loran switch,
as might be expected, number in the tens of
thousands, on both coasts, in the Gulf of
Mexico, and in Hawaii and Alaska. They
include commercial ̂ f̂ ishermen, pleasure and
sport bo^at operators, charter and party ̂ boat
skippers, the merchant marine, tug and tow
boat companies, and a growing number of
vessels that service the offshore petroleum
industry.

^"It became apparent," said one Coast
Guard official "that to do this job right we
were going to need the help of an organiza-
tion that al^r^eady had close contact with all of
these users."

Enter the Sea Grant Marine Advisory Serv-
ices.

In the spring of 1976. Dr. Daniel *P^anshin,
associate professor of oceano^g^r^aphy at Ore-
gon State University, received a call from the
Coast Guard, asking for assistance. As it
turned out. *OSU's advisory program had
already been involved in *Loran-C since the
summer of 1974, answering questions from
local fishermen and others a^bout when the
new system would be installed, what new
receiving equipment would be needed, and
what the costs to private users affected by the
*Loran-A^/Loran-C switchover would be.

"With the support of the Coast Guard and
Sea Gr^ant's network of advisory agents, we
could begin a full-scale effort to determine
what problems users might have." *Panshin
recalls. By July, he and Dr. Charles *Vars. Jr..
a^ssociate professor of economics ̂ at Oregon
State, had submitted a proposal to the Na-
tional Sea Grant office in Washington to
"determine the impact upon United States
civilian marine *Loran-A users of the pres-
ently planned schedule for expansion of
*Loran-C service and termination of *Loran-A
service."

The project, administered through the Na-
tional Sea Grant Program and funded with
$91.800 in Coast Guard money, promised to
be far more definitive than that rather formal
phrase in the proposal suggested. Among the
problems that *Panshin and *Vars. with the
Coast Guard's help, hoped to resolve were
possible loss of investment in *Loran-A re-
ceivers due to forced early retirement to
otherwise usable equipment; the present high
cost of fully-automatic *Loran-C receivers
(about $3000 to $6000) as compared to sim-
pler, manual *Loran-A receivers (about $750
to $1000). and concern as to the adequacy of
supply and service; need for sufficient time
for fishermen to convert "hang data"—infor-

mation on underwater obstructions that might
foul nets—on desired fishing areas from
*Loran-A to *Loran-C coordinates; need for
timely publication by *NOAA's National
Ocean Survey of *Loran-C charts; and the
general lack of information on *Loran-C capa-
bilities and characteri^stics and on the reasons
for the transiti^on from *Loran-A to *Loran-C.

^"Nobody said it was going to be easy."
said *Panshin in a recent interview, "but I
don't think anyone, not the Coast Guard, not
the Marine Advisory Service, thought that so
many people, so many government agencies,
so many meetings, and so much *legwork
would be involved."

One example of the complexity of the
conversion from *Loran-A to *Loran-C has lo
do with what would seem to be the relatively
straightforward task of setting up a schedule
for implementing the new service. The De-
partment of Transpo^r^tation published its orig-
inal schedule for *Loran-C implementation in
the Annex to the National Plan for Naviga-
tion in July 1974. At that time, the Coast
Guard planned to start up its Gulf of Alaska
service on December ^31. 1976. and. in the
process, to change the configuration of the
existing North Pacific *Loran-C chain.

"From a technical standpoin^t, that was
fine." said *Panshin. "The transmitters and
personnel to run them would all be ready. It
looked as if it was just a matter of throwing a
switch and sending out the new radio signals.
Trouble was. the planned switchover was
going to come smack in the middle of the
Alaska king crab season. And no overlap
period, when you'd have both the existing
and modified *Loran-C systems operating, was
planned."

As a result of marine advisory service work
with Alaska's fishermen and with the full
cooperation of the Coast Guard, a more
agreeable date was scheduled. June 1977.
"It's to the credit of the Coast Guard."
*Panshin asserts, "that it was willing to change
its plans."

In fact, changes of plans have almost be-
come more the rule than the exception, ac-
cording to *Panshin. The National Ocean Sur-
vey, for example, charged with the sizeable
task of reprinting its charts—some 85 in all—
to incorporate the new *Loran-C lines, had
originally planned to produce charts with
*Loran-A markings on one side and the new
*Loran-C lines on the other. Unfortunately,
for many commercial fishermen operating out
of relatively small vessels without large chart
tables, flipping over charts to transfer their
*Loran-A "hang data" and other information
could have been a major inconvenience and
might have increased the possibilities of er-
ror.

As a result of a *Loran-C conference in
Portland. Oregon, sponsored by the Coast
Guard and Oregon State University's marine
advisory service. NOS a^greed that whenever
practical it would print its charts with *Loran-
*A and *Loran-C lines on the same side.

"It may seem like a small point." says
*Panshin, "but it has helped convince the
fishermen of two things: the usefulness of the
marine advisory service as a neutral 'third
party.' and. perhaps more impo^r^tantly, the
willingness of a seemingly faceless Federal
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*Loran-C coverage

bureaucracy to really li^sten to their argument^s^
and to make approp^riate changes."

In fact. *Panshin's colleague, Charles *Vars,
has been helping fishermen and other *Loran
users deal with one of the biggest factors of
all—the Internal Revenue Service. While
*Panshin has been out in the field, intervie^w-
ing ̂ f^ishermen, talking to other marine advi-
sory agents across the country, and generally
trying to ̂ f^ind who the users of *Loran-C are.
Charlie *Vars has been back at his office in
*Corvallis. Oregon, trying to determine the
cost versus the benefits of the *Loran chan-
geover.

One of the costs would be the neces^sary
scrapping of otherwise usable *Loran-A re-
ceiving equipment once *Loran-A transmis-
sions were terminated. With more than 50 ,̂000
^users, that could represent several million
dollars. A simple continuation of all *Loran-A
service to U.S. coastal waters beyond sched-
uled termination dates would not be the an-
swer. Such a continuation would cost the
taxpayers several million dollars per year.
One possible solution is the use of special
1RS depreciation schedules which would al-
low a fisherman to depreciate the cost of his
receiving equipment more rapidly than nor-
^mal or in some cases to declare an abandon-
ment loss. Such tax savings would help make
up for substantial losses and still allow the
Coast Guard to stay on schedule.

Other costs and benefits may not be so
^easy to come by, according to *Vars. What,
for example, will be the cost of a new *Loran-
*C receiver once manufacturers go into assem-
^bly line production? Right now, some *Loran-
*C receivers are running as much as $6000.
^For those who can afford it and who want
*Loran-C's accuracy right away, that price
^may not be too high, but for the average
f^isherman, a wait of a year, according to
*^Vars, may allow him to pick up a new *Loran-
*C receiver for a much lower price.

"Another thing fishermen voiced concern
^about," reports *Panshin, ^"was whether or
^not manufacturer^s would be able to gear up

for the new production of *Loran-C receivers.
There was even some talk of a black market
developing in the event of a shortage of
sets." After contacting every U.S. manufac-
turer of *Loran equipment, *Panshin has been
able to tell fishermen not to worry on that
score at least. There will be enough sets to go
around. And. according to manufacturers, the
costs should continue to come down over the
next year or so.

And so the research project continues.
Since the beginning of the year, *Panshin and
his colleagues have begun a survey of recrea-
tional boaters to determine their potential use
of *Loran-C; mailed questionnai^res to mem-
bers of the offshore petroleum service indus-
try; completed surveys of both the merchant
marine and tugboat industries; continued field
interviews with commercial fishermen; and
made enough visits across the United States
to support a small travel agency.

"The number of different agencies, manu-
facturers, headquarters, and field stations we
have visited," contends *Panshin, "is an indi-
cation of the enormous scope of the project."
The list includes Coast Guard District Head-
qua^r^ters in Boston, New York, New Orleans,
San Francisco, Seattle, and *Juneau; the Coast
Guard Electronics Engineering Center in
Wildwood. New Jersey; *Loran manufacturers
and distributors in California, Oregon. Sout^h^
Carolina, Florida. Massachusetts, and ^Mary-
land; Defense Mapping Agency Hydrographie
Center in Suitland, Maryland; *NOAA compo-
nents representing National Marine Fisheries
Service. National Ocean Survey, and Na-
tional Sea Grant Program; local marine advi-
sory offices in every coastal state in the
Union except Hawaii; and field interviews in
a myriad of po^r^ts from Newport, Oregon, to
Newport, Rhode Island.

There have already been two important
results of this almost frenetic activity. First
has been the realization by a number of
disparate groups—fishermen, the Coast
Guard, *Loran equipment manufacturers, tow
boat operators—that any changes in *Loran
that affect one group will, at least peripher^-^
ally, af^fect them all. The second result, more
tenuous but just as important, has been what
*Panshin calls the exemplary cooperation be-
tween the Coast Guard and the marine advi-
sory service and among members of local
advisory staffs themselves.

"Without the Coast Guard," ̂ says *Panshin,
"we clearly couldn't have any *Loran system,
new or old. Their technical expertise is essen-
tial. But without Sea Grant, with its nation-
wide network of agents, its contacts with
industry, universities, and users, the Coast
Guard's job would have been monumental.
What's been most satisfying about our rela-
tionship with the Coast Guard is the nat^ure of
the cooperation. It grew out of a common
perception of a national need, without any
formal, bureaucr^atic ^'Directives' or 'Memo-
randa of Understanding.' The Coast Guard
knew they needed us, and the advisory serv-
ice knew we needed them. And here we are.
tackling this matter. Together."

There also has been "tremendous coopera-
tion" with other Sea Grant marine advisory
programs, according to *Panshin. "I've been
able to travel to coastal communities all
across the country," he reports, "talking to
fishermen and other users, helping present
meetings, asking questions (and occasionally
answering them), because we have a strong
network of advisory agents out in the field
pulling things together. I think it shows a
maturing of the Sea Grant program. There
really is a Sea Grant network out there."

The job is far from over, however. There is
much that still has to be done in creating user
awareness, although the Coast Guard is now
embarking on a program to inform users more
thoroughly about *Loran-C. In fact, *Loran-A
transmissions aren't scheduled for termina-
tion on the east coast and in the Gulf of
Mexico until the middle of 1980. and work
will continue at least until that time.

But for Dan *Panshin and Charlie *Vars and
for their counterparts in the Coast Guard, the
real test—the ability to meet the challenge of
instituting a new system of navigation and
turning off an old one—is in the process of
being met.

"In the marine advisory service we so
frequently get involved after the cri^sis ap-
pears." *Panshin said after a recent transconti-
nental journey to Delaware. "But with this
*Loran work, we've been able to get involved
before the last chapter is written. We have a
chance to help determine what the policies
will be."

Off the United States west coast, on April
2^5. 1977. at 4 p.m. Pacific Daylight time, the
first official tr^ansmission of the Coast Guard's
west coast *Loran-C system took place from a
chain of transmitters in Nevada. California,
and Washington. Pacific sailors may not
know it, but that special tr^ansmission went a
lot more smoothly because of the work done
by the U.S. Coast Guard and the Sea Grant
Advisory Service. ^D
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Sea Fare

o^v^er ̂ th^e

The N^at^ion^al Fi^sher^y E^ducation Center ha^s^
publi^she^d a ne^w cookbook Fî s^h ^a^n^d^
*S^h^el^t^fis^h O^v^er t^h^e Co^al̂ s. It can be obtained
from the Sup^erintendent of Document^s,
^U.S. Government Printi^n^g Of^fice^,^
^Washin^gton ,̂ *D.C. 20^402. The cost is 8^5^
cents *(GPO Stock Number 00^3-020-00052-5).

Easy^-Do Fis^h C^ho^w^d^er
I package (1 pound) cod or other thick fish fillet^s,

fresh or frozen
1 cup chopped onion
2 tablespoons ma^r^garine or cooking oil
2 cans (10^% ounce each) condensed cream of potato

or celery soup
2 cup^s diluted evaporated or whole milk
1 can (1 pound) tomato wed^g^es
1 can (I pound) mixed vegetables, drained^*^
1 can (8 ounces) whole kernel corn, drained
1 teaspoon salt
^1^4 teaspoon pepp^er
1 small bay leaf

Thaw frozen fish; cut into chunks. Cook onion in
margarine or cooking oil until tender^, but not
brown. Add soup, tomato wedge^s, mixed vegetables,
corn, ^salt, pepper, and bay leaf^; heat, stirring occa-
sionally, until simmering. Add fish; simmer until fish
flakes easily when tested with a fork, about 10 mi-
nutes. Serve with crisp green salad and crusty bread
or rolls. Makes ̂ 9 cups chowder.

^•1 package (10 ounce) frozen mixed vegetables,
thawed, may be substituted for canned, if desired.

Shrimp ^Kabobs
l '/^5 pounds peeled, *deveined, uncooked shrimp
I can *(13^'^/^$ ounce) pineapple chunks, drained
1 can (4 ounce) button mushrooms, drained
1 g^reen pepper, cut into 1-inch squares
^W cup chopped parsley
^V^A cup soy ^sauce
*!^4 teaspoon salt
12 slices bacon

Thaw frozen shrimp. Place shrimp, pineapple, mush-
rooms, and green pepper in a bowl. Combine oil,
lemon juice, par^sley, soy sauce, salt, and pepper;
mix. Pour sauce over shrimp mixture and let stand
for ̂ 30 minutes, stirring occasionally. Fry bacon until
cooked but not crisp. Cut each slice in half. Using
long skewer^s, alternate shrimp, pineapple, mush-
rooms, green pepper, and bacon until skewers are
filled. Place *kabobs in well-greased wire grills. Cook
about 4 inches from moderately hot coals for 5 mi-
nutes. Baste with sauce. Turn and cook for 5 to 7 mi-
nutes longer or until bacon is crisp. Make^s 6 ser-
vings.

Oc^ean Perch Kabobs
2 pounds ocean perch or other small ̂ f^i^sh fillets, fresh

or frozen
2/3 cup Italian dressing
3 small, ̂ f^irm tomatoes
1 packa^ge (10 ounce) frozen Brüs^sel sprouts, de-

frosted
or

1 can (1 pound) whole potatoes, drained
'/̂ 4 teaspoon salt
Dash pepper

Thaw frozen fillets. Skin fillets and cut into strips ap-
proximately 1-inch wide and 4 inches long. Place fish
in shallow baking dish. Pour 1/3 cup of dre^s^sing
over ̂ f^ish ̂ and refrigerate 30 minutes. Wash tomatoes;
remove stems and cut into sixths. Remove fish strips
from dressing; reserve dressing for basting. Roll fil-
lets up and place on skewers alternately with toma-
toes and Brüssel sprouts or potatoes, until skewers
are filled. Place *kabobs in well-greased, hinged wire
grills. Add salt and pepper to remaining dressing.
Cook about 4 inches from moderately hot coals for 4
to 6 minutes. Baste with sauce. Turn hinged ̂ grill and
cook about 4 minutes longer or until fish flakes easi-
ly when tested with a fork. Makes ^6 servings.

*^/. Easy-Do Fish Cho^wder
2. Fisherman's Deligh^t
^3. Ocean Perch *^Kabobs
4. ̂ Shrimp *^Kabo^bs

Fisherman '̂s Deli^gh^t
2 pounds pan-dressed yellow perch or other small

fish, fr^esh or frozen.
2 tablespoons lemon juice
2 teas^poons salt
*^V^t teaspoon ^pepper
1 pound sliced bacon

Thaw frozen fish. Clean, wash, and dr^y ̂ f^i^s^h^- Brush
inside of fish with lemon juic^e and sprinkle with salt
and pepper. Wrap each fish with a slice of bacon.
Place fish in well-greased, hinged wire grills. Cook
about ̂ 5 inches from moderately hot coals for 10 mi^-^
nutes. Turn and cook for 10 to 1^5 minutes longer or
until bacon is crisp and fish flakes easily when tested
with a fork. Makes ^6 servings.

Charcoal Gr î̂ lled Seafood
2 pounds red snapp^er fillets or other fish fillets,

fresh frozen
*^'/^> cup melt^ed fat or oil
'/4 cup lemon juice
2 teaspoons salt
'/2 teas^poon Worcestershire sauce
^V^« teaspoon white p^epp^er
Dash liquid hot pepper sauce
^Paprika

Thaw frozen stea^ks. Cut into serving-^size portions
and place in well-greased, hinged wire grills. Com-
bine remaining ing^redients e^xcept paprika. Baste
^f^ish with ^sauce and sprinkle with paprika. Cook
about 4 inches from moderately hot coals for 8
minutes. Baste with sauce and sprinkl^e with pa-
prika. Turn and cook for 7 to 10 minutes longer or
until ̂ f^ish flakes easily when tested with a fork.
Makes 6 servings.

P îckl̂ e^d Fish
l pound thick ̂ f^ish fillets, fresh or frozen
I cup cooked sliced carrots
1 cup thinly sliced red onions
2 cups whit^e vinegar
*'/^> cup sugar
1 teaspoon ^salt
I teaspoon mixed pickling spices
Lettuce
Party rye bread, sliced

Thaw and skin frozen fillets. Cut fillets crosswise
into *^'/ 4^-inch slices. Arrange alternate layers offish
and vegetables in a I ' / ^ 2 quart casserole. Combine
vinegar, sugar, salt, and sp^ices in a *l-quart sauce
pan. Heat to the boiling point. Stir until sugar is
dissolved. Pour hot pickling liquid over fish.
Cover and chill at least 24 hours to pickle the fish.
Stir once or^-twice during pickling. Serve on let-
tuce with a slice of rye bread. Makes 6 servings.
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*/. C^har^coal Grill^e^d Seafood
^2. Pi^c^kled Fis^h
3. *Ne^\^v Orlea^n^s ̂ Cra^b ̂ S^pread
4. Sal^m^on ^Fli^p^s
5. T^una To^mat^o Teasers

*Sa/mon^bu^r^g^er^s^
T^u^na Bar^be^c^ue



*^/. Lo^uisiana Shrimp Boil
2. S^callop *Kabobs
3. ^Italia^n *St^vle Sal^m^on Stea^k^s
4. ̂ Fis^h Fry
5. Chesapeake Bay Clam^ba^ke

Aloha Seafoo^d Planer



*^/. Par^me^san Portio^ns O^n A Roll
2. Sauc^y Seafoo^d Bar^bec^ue
3. Crab S^t^u^f^fe^d A^voca^do
4. F^ish-in- ^Wrap^s

^Flou^nder with Crab St^uffin^g



^N^e^w Orl̂ eans Crab S^prea^d
1 can (1^2 ounces) blu^e *crabmeat or other crab-

meat, fre^sh or frozen or
2 cans *(6^Vi or *7'/i ounces ̂ each) *crabmeat
*'^Л cup tarragon vinegar
^Vi cup mayonnaise or salad dressing
3 tablespoons chopped pi mien to
2 tablespoons chopped green onion
I teaspoon salt
^Vi teaspoon freshly ground pepp^er
I tablespoon dr^ained capers
Assorted chips, cr^ackers, or raw vegetables

T^haw frozen *crabmeat. Drain *crabmeat. Remove
any remaining shell or cartilage. Flake the crab-
^meat. P^our vinegar over *crabmeat. Chill for 30
^minutes. Drain. Add mayonnaise, *pimiento. on-
ion, salt, and pepper. Mi^x thoroughly. Garnish
^with capers. Serve with chips, crackers, or vege^-^
tables. Makes appro^ximately 2 cups.

*Sa^bnonbw^r^ger^s

Sa l̂mon Flip^s
I can *( I pound) ^salmon
4 slices bacon
^'/^4 cup condensed Cheddar cheese ^soup
I teaspoon horseradish
I teaspoon in^stant minced onion
Dash pepper
Cheese Canape Pastry

D^r^ain and fl^ake salmon. Fry bacon until crisp.
Drain on absorbent paper. Crumble. Combine all
ingredients except pastry. Roll pastr^y very thin
^and cut in *2^'/i inch squares. Place a heaping
*^teaspoonful of salmon mixture on one half of each
^squ^are. Fold over and press edges together with a
fork. Place turnovers on a baking pan. I^S by 10 by
1 inch. Prick top to allow steam to escape. Bake in
a very hot oven. 4^50 °̂ F., for 10 to 1^2 minutes or
until lightly browned. Makes approximately 80
hors d'oeuvres.

T^una Ba r̂b^ec^u^e
2 сап^а (6^1^4 or 7 ounce^s each) tuna
*Ì^4 cup chopped onion
2 t^able^spoons tun^a oil
'/^4 cup chopp^ed celery
*^У^4 cup chopp^ed gre^en ^pepper
I cup *c^atiup
1 cup water
2 table^spoon^s brown ^sugar
2 tablespoons vinegar
2 table^spoo^ns Worcester^shire sauce
I te^a^spoon prep^ared mu^stard
*^'/^i te^aspoon ^salt
Da^sh pepper
^6 hamburger rolls

Dr^ain tun^a, reser^ving oil. Break tuna into large
pieces. Cook onion in oil until tender in a large ket^-^
^tle over hot coals. Add remaining ingredients except
^tuna and rolls. Simmer uncovered for ^20 minutes^,^
^stirring frequently. Add tuna and simmer 10 minutes
longer, stirring frequently. Split rolls and toast.
^Place approximately *^'/^$ cup tuna mixture on bottom
half of roll. Cover with top half of roll. Serve^s 6.

^Lou^isiana Shrimp Boil
*^5 pounds shrimp, fresh or frozen
^I gallon water
I lemon, sliced
I ^small onion, slic^ed
*'<^4 cup salt
^'•^4 cup seafoo^d seasoning
I clove garlic, sliced
^Seafood cocktail sauce

^Thaw frozen shrimp. Pour water into a lar^ge kettle.
Add seasonings. Cover and bring to the boiling point
^over hot coal^s. Add shrimp. Cov^er and simmer for 5
^minu^tes. Drain. Serve with seafood cocktail sauce.
^Serves ̂ 6.

1 can (1 pound) ^salmon
^1^4 cup chopped onion
*^y^t cup ̂ melted fat or oil
1/3 cup salmon liquid
1/3 cup dry bread crumbs
2 eggs, beaten
^V^, cup chopped parsley
1 teaspoon powdered mustard
*!^4 teaspoon salt
^И cup dry bread crum^bs
1/3 cup mayonnaise or salad dressing
1 tablespoon chopped sweet pickle
6 buttered ̂ -hamburger rolls

Drain salmon, reserving liquid. Flake salmon. Cook
onion in fat until tender. Add salmon liquid, crumbs,
egg, *pa^nley, mustard, salt, and s^almon; mix w^ell.
Shape into 6 burgers. Ro^ll in crumbs. Fr^y in hot fat
in a heavy fry pan about 4 inches from hot coals for 3
minutes. Turn carefully and fry for 3 to 4 minutes
longer or until brown. Drain on absorbent paper.
Combine mayonnaise and pickle. Place burgers on
bottom half of each roll. Top with approximately I
tablespoon mayonnaise mixtu^r^e and top half of roll.
Serves 6.

Tuna Tomato T^easers
I can (6 ̂ V^i or 7 ounce^s) tuna
I pack^age (3 ounce^s) cream cheese, softened
I ripe ^avocado, mashed
I tablespoon lemon juice
1 teaspoon chili powder
^V^» teaspoon salt
*'/^> teaspoon liquid hot pepper sauce
*^Ч^г teaspoon Worce^ster^shire ^s^auce
2 pints cher^ry tomatoes

Drain and fla^ke tuna. Cream the cheese ^an^d^
avocado. Add ̂ sea^sonin^gs and tuna. Mix thor-
oughly. Chil l . Wash to^matoes and hollow out
center^s. Turn upside down to drain. Fill e^ach
tomato with a heaping *teaspoonful of tuna mix-
ture. Make^s approximately 40 hors d^'oeuvres.

Fish Fry
2 pounds ocean perch fillets or other fish fillet^s, fresh

or frozen
^'^A cup evaporated milk
^V^A teaspoons ^salt
Dash pepper
*^>/^i cup flour
*!^4 cup yellow *cornmeal
1 teaspoon paprika

Thaw frozen fillet^s. Cut into serving-size portion^s.
Combine milk, salt, and pepper. Combine flour,
*cornmeal, and paprika. Dip fish in milk mixture and
roll in flour mixture. Fr^y in hot fat in a heavy fry pan
about 4 inches from hot cals for 4 minutes. Turn
c^a^refully and fry for 4 to 6 minutes longer or until
fish is brown and ̂ f^lakes easily when te^sted with a
fork. Drain on absorbent paper. Serves 6.

Italian Sty l̂e Salmon Steaks
^2 pounds salmon steaks or other fi^sh st^ea^ks, fresh or

frozen
2 cups Italian dressing
2 tablespoons lemon juice
2 teaspoons ̂ salt
^'/4 teaspoon pepper
Paprika

Thaw frozen steaks. Cut into serving-size portions
and place in a single layer in a shallow baking dish.
Combine ^r^emaining ingredients except paprika.
Pour sauce over fish and let stand for 30 minutes,
turning once. Remove fish, reserving sauce for bast-
ing. Place fish in well-greased, hinged wire grills.
Sprinkle with paprika. Cook about 4 inches from
moderately hot coals for ̂ 8 minutes. Baste with sauce
and sprinkle with paprika. Turn and cook for 7 to 10
minutes longer or until fi^sh flakes ̂ easily when tested
with a fork. Serves 6.

C^hesapea^ke Bay Clamba^ke
6 dozen soft-^shell clams
12 small onions
6 medium baking potatoes
^6 ears of corn in the husks
12 live, hard-shell blue crabs
Lemon wedges
Melted butter or margarine

Wash clam shells thoroughly. Peel onions and wash
potatoes. Parboil onions and potatoes for I^S mi-
nutes; drain. Remove corn silk from corn and re-
place husks. Cut 12 pieces of chee^secloth and 12
pieces of heavy-duty aluminum foil, 18 *x 36 inches
each. Place 2 pieces of cheesecloth on top of 2 pieces
of foil. Place 2 onions, a potato, ear of corn, I dozen
clams, and 2 crabs on cheesecloth. Tie opposite cor-
ners of the cheesecloth together. Pour I cup of water
over the package. Bring foil up over the food and
close all e^dges with tight double folds. Make 6 pack-
ages. Place packages on a grill about 4 inches from
hot coals. Cover with hood or aluminum foil. Cook
for 4^5 to 60 minutes or until onions and potatoes are
cooked. Serve with lemon wedges and butter.
Serves 6.

Scal̂ lop *Kabobs
*\ pound scallops, fre^sh or frozen
1 can *(l3^'^/^4 ounces) pineappl^e chunks, drained
1 can (4 ounces) button mushroom^s, drained
I green pepper, cut into I-inch ^squar^e^s
*!/^4 cup melted fat or oil
*Vt cup l^emon juice
*!^/^4 cup *chpp^ed par^sle^y
^'/^4 cup soy sauce
^'/^5 teaspoon salt
Dash pepper
12 slices bacon

T^haw ^frozen scallops. Rinse with cold water to re-
move any shell particles. Place pineapple, mush-
rooms, ^green pepper, and scallops in a bowl. Com-
bine fat, lemon juice, parsley, soy sauce, salt, and
*perper. Pour sauce over scallop mixture and let
stand for 30 minutes, stirrin^g occasionally. Fry ba^-^
con until cooked but not crisp. Cut each slice in half.
Using long skewers, alternate scallop^s, pineapple,
mushrooms, green pepper, and bacon until skewers
are filled. Cook about 4 inches from moderately hot
coals for ̂ 5 minutes. Ba^ste with sauce. Turn and cook
for 5 to 7 minutes longer or until bacon is crisp.
Serves 6.

Alo^ha Sea f̂oo^d Platter
1 *7'^Л ounce can ^salmon
1 ̂ T^A ounce can tuna
1 small pineapple or a No. 2 or *2-'/^i siz^e can of pin^e^-^

appl^e^
1 avocado
Juice of 1 lemon
1 papaya
2 small cans mandarin oranges
1 cup commercial sour cream
Grated peel and juice of 1 lime
^V^i cup finely chopped chutney
I cup *macadamia nuts (chopped)

Drain salmon and tuna. Break into large chunks and
arrange in center of ^a large platter, about 12 b^y 18
inches. Peel pineapple^, remove eyes, and slice into
rounds, halve the slices removing the core, or substi-
tute ̂ well-drained canned pineapple. Arrange a row
of pineapple on one side of platter. Halve, peel, and
slice the avocado, dip each slice in lemon juice. Pe^el,
halve, remove seeds, and slice papaya. Drain ^-man-
darin oranges. Arrange papaya in a row beside the
pineapple. On the opposite side of p^utter arrange
slices of avocado and the mandarin oranges. Garni^sh
with *marachino cherries and lime slices, if desired.
Cover the platter with plastic film and chill. Mix the
sour cream with the grated peel and juice of the lime,
add chopped chutney. Chill. Serve dre^ssing and nuts
in separate small bo^wl^s at ^serving time. Makes 6 ser-
vings.
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Parm^esan Portions On A Roll *Fìsh^-In-Wra^ps

6 fro^zen raw breaded fish po^r^tions *(^2^'/^i ounces each)
'̂ /^5 cup grated Parmes^an chees^e
I t^ablespoon *chorped parsley
I teaspoon *ore^gano
I teaspoon garlic powder
1 teas^poon paprika
*'^Л cup melted fat or oil
6 sesame rolls
Tartar Sauce

Combine cheese^, parsley^, *oregano, garlic powder,
and papri^ka. Mi^x thoroughly. Dip frozen portions in
fat and roll in cheese mixture. Place portions on a
well^-grea^sed gri^ll about 4 inche^s from moderately
hot coals. Cook for 5 to 7 minutes. Turn.Cook for ^5^
to 7 minutes lon^ger or until ̂ fi^sh flake easily when
tested with a fork. Toa^st roll^s. Place I portion on
bottom half of roll. Top with approximately I table^-^
spoon of Tartar Sauce and top half of roll. Makes 6
servin^gs.

Tartar Sauce

*^V^t cup mayonnaise or salad dressing
2 tablespoons drained ^sweet pickle relish
I t^easpoon instant minced onion
I teaspoon lemon juice

Combine ^all ingr^edients. Mix thoroughly. Chill.
Makes approximately *'^/^i cup of sauce.

^Saucy S^ea f̂oo^d Bar^becue
2 pounds fish fillet^s, fresh or fro^zen
1 cup chili ^sau^ce
^'/^4 cup lim^e juice
2 tablespoons French dressing
1 tablespoon brown sugar
2 teaspoons cider vinegar
2 teaspoons prepared mustard
*l^'^/^S teaspoons ^salt
*^'/^$ t^easpoon Worcestershire sauce
Lime wedges

Thaw frozen fillets. Cut ̂ f^ill^ets into 6 portions. Place
^fish in well-greased, hinged, wire grills. Combine all
ingredients e^xcept lime wedges. Mix thoroughly.
Bast^e ^fish with sauce. Cook about 4 inches from
^moderately hot coals for 5 to 7 minutes. Baste with
sauce. Turn. Cook for 5 to 7 minute^s longer or until
^f^ish flake easily when tested with a fork. Garnish
with lime ^wedges. Makes 6 servings.

Crab S^tuffed A *vocado

1 pound crab meat, fresh or frozen
or

3 cans *^(6'/^j ounces each) crab meat
^'/^г cup chopped cel^ery
1/3 cup mayonnaise or salad dressing
2 hard-cooked eggs, chopp^ed
2 tablespoons chopped red or green p^epper
2 tablespoons drained sweet pickle r^elish
I table^spoon lemon juice
'/̂ 4 teaspoon salt
^Da^sh pepper
3 avocados
Salad greens
Tomato wedges

Thaw frozen crab meat. Drain crab meat. Remove
any remaining shell or cartilage. Combine celery,
mayonnaise, egg, red pepper, pickle relish, lemon
juice, salt, pepper, and crab meat. Mix thoroughly.
Chill. Cut avocados in half lengthwise. Remove seed
and pe^el. Fill avocado halve^s with crab mixture.
Serve on salad greens. Garni^sh with tomato wedges.
Makes 6 servings.

3 pounds pan-dre^s^s^ed fi^sh, fre^sh or frozen
^У^» cup melted fat or oil
1 package (1^% or I^H ounc^es) onion soup mix
'/ Î teaspoon pepper
*^Ì^4 pound sliced b^acon

Thaw frozen fish. Cle^an, wa^sh, and dry fish. Com-
bine remaining in^gredients exc^ept b^acon. Mix thor-
oughly. Bru^sh inside and outside of fish with sauce.
Wrap each fish with a slic^e of bacon. Place fish in
well-grea^sed^, hinged wire grills. Cook about ̂ i inches
from moderately hot coals for 10 to I^S minutes.
Baste with sauce. Turn. Cook for 10 to 15 minutes
longer or until fish flake easily when tested with a
fork. Makes 6 servings.

Floun^d^er ̂ wit^h Crab Stu^ff^i^ng

6 pan-dressed ̂ f^lounder *^(^У^* pound each), fresh or fro-
zen

Crab stuf^fing
*^У^, cup butter or margarine, melted
1 */ ̂ 3 cup lemon juice
2 teaspoons salt
Paprika

Thaw frozen fish. Clean, wash, and dry fish. To
make a pocket for the stuf^f^ing lay the fish flat on a
cutting board, light side down. With a sharp knife
cut down the center of the fish along the backbone
from the tail to about I inch from the head end. Turn
the knife ̂ f^lat and cut the ̂ f^lesh along both sides of the

backbone to the tail allowing the knife to run over
the rib bones.

Stuff ̂ f^ish loo^sely. Combine butter, lemon ^juice,
and salt. Cut 6 pieces of hea^vy-duty aluminum foil,
18 *x 18 inches each. Grease lightly. Place 2 table-
spoons sauce on foil. Place fish in sauce. Top each
^f^ish with I tablespoon sauce and sprinkle with papri-
ka. Bring the foil up over the ̂ f^ish and close all edge^s^
with tight double folds. Make 6 packages. Place
package^s on a grill about 6 inches from moderately
hot coals. Cook for 2^5 to 30 minutes or until fish
^f^lakes ea^sily when tested with a fork. Serves 6.

Crab Stuff^i^ng

1 pound crab meat, fre^sh or fro^zen
or

3 cans *(6'/^S ̂ о^т 1 ounces each) crab meat
^'/^4 cup chopped onion
1/3 cup chopped celery
1/3 cup chopped green pepper
2 cloves garlic, finely chop^ped
1/3 cup melted fat or oil
2 cups soft bread cubes
3 eggs, beaten
1 tablespoon chopped parsley
2 teaspoons salt
'/^5 teaspoon pepper

Thaw frozen crab meat. Drain crab meat. Remove
any remaining shell or cartilage from crab meat.
Cook onion, celery, green pepper, and garlic in fat
until tender. Combine bread cubes, eggs, parsley,
salt, pep^per, cooked vegetables and crab meat; mix
thoroughly.

Smoked Fish Timet^able

Market form of fish
Cooking Approximate

temperature cooking time

Butter^f^ly fillets
(includin^g bone ,̂̂
1 pound each)

Fillets or ste^ak^s^
*(!^4 inch thick)

Fillets or stea^ks
*(^У^, inch thick)

Fillets or steaks
(1 inch thick)

Fillets or steak^s^
*(^P/^4 inches thick)

Pan dre^ssed

6 pounds 30 minutes *150^°^-17S°F.
200 °̂ *F.
250° *^F.

2 pounds 30 minute^s *150°-!75°F.
200 °̂ *̂ F.
250° *F.

2 pounds 45 minutes *150°-175°F.
200° *F.
250° *F.

2 pounds 45 minutes *I50°^-175°F.
200° *F.
250° *F.

2 pounds 1 hour *150^°^-175^CF.
200 °̂ *F.
250° *F.

3 pounds 30 minutes *150°-175°F.
200° *F.
250° *F.

1 *hr. *^+ 30 min.
45 ^min.
30 min.

1 *hr.
30 min.
20 min.

1 *hr. *^+ 30 min.
30-45 min.
30 min.

1 *hr. *^+ 45 min.
30-45 min.
30 min.

2 hours
1 *hr. *^+ 15 min.
4^5-50 min.

2 hours
1 *hr. *^+ 15 min.
45-50 min.

Note: Use oven thermometer to check temperature in charcoal grill. The same results can be accomplished
using an electric or ga^s grill.
To make brine combine 1 gallon water and 1 cup salt. Stir until dissolved.
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Thre^e big ones:

*Sportfishing,
^W^etl^ands^, ̂ and the

200-Mile Zo^ne
*^Г^и ̂ i HE e^f^fect of the Fishery Conservation

and Management Act of 1976 on *rec-
*^•^*^• *reational fishing was the major topic

^of discussion during the Marine Recreational
^Fi^sheries Symposium held in San Francisco
in Apri l .

The meeting was attended by more than
100 people from all over the world who are
^vitally interested in recreational fishing. They
came from the ^Western Pacific—Pago Pago.
Guam—from Me^xico. France, and Cana^da as
^well as from most of the coastal states.

The Act opens new areas of consideration
in the development of management schemes
^for all marine fisherie^s and dictates that the
^role of the recreational ̂ f^isherman be consid-
ered by those who develop the pl^ans which

By GERALD *D. HILL, JR.

will regulate the stocks of fish within 200
miles of our shores.

The Symposium was established in 1976 in
recognition of the need for a national forum
to discuss environmental and conservation
concerns a^ffecting U.S. fisheries. It was orga-
nized by the International Game Fish Associ-
ation, the Sport Fishing Institute, and the
National Coalition for ^Marine Conservation
to demon^strate a single basis for marine fish-
eries programs—that of economics.

"The International Game Fish Association,
with over 20.000 members throughout the
United States and in foreign countries, is
involved with record keeping, historical and
ethical angling techniques, and rules of the
recreational fishing community," says Dr.

Frank *Carlton, President of the National *Co^a^
*lition for Marine Conservation, who *chairei
the two-day session. "The Sport Fishing In
*stitute also has over 20,000 members and ha
served over the years to stimulate *scientifi^t^
and educational programs of interest to *recre
*ational fishing. Our Coalition is much *smalle
and has only been organized for about foui
years. It does, however, have a central *cadr^t^
of representatives on almost every *significan
national and international council, commis^-^
sion, and other groups which administer, ad-
vise, or indirectly affect ocean and ^f^isherie^s^
matters," said *Carlton.

Why does the Act have su^ch an impact ^or
re^creati^onal fishermen'.'

"The Fishery Conservation and Manage-



ment Act i^s a means of improving manage-
ment of marine fisheries which rely on man-
agement plans developed by the eight
Regional Fishery ^Management Councils."
said Dr. Brian Rothschild. Director. Office of
Policy Development and Long Range Plan-
ning for the National Marine Fisheries Serv-
ice.

The Regional Fishery Management Coun-
cils were established under the Act. They
consist of members appointed by the Secre-
tary of Commerce from nominations made by
the governors of the coastal states that are
members of the councils as well as members
of the Federal and state governments which
are involved with fisheries.

The central theme of the management plans
is the determination of the optimum yield of
each of the fisheries. This is a new concept
that requires that a yield b^e determined that
provides the greatest overall benefit to the
Nation with particular reference to food pro-
duction and recreational opportunities. In or-
der to provide thi^s, social, economic, and
ecological factors must be considered in the
development of all plans.

"All aspects of a ̂ f^ishery must be consid-
ered in determining opt imum sustainable
yield." said Rothschild. "Each of the differ-
ent aspects will carry different weights and
values and it will be very difficult to deter-
mine which factor carries the most weight."

To demonstrate the complexity of the proc-
ess. Dr. Rothschild gave as an example a
fishery that might be fished by recreational
fishermen, domestic commercial ^f^ishermen,
and fishermen from other countries. ^"All of
these people have valid concerns." said
Rothsch i ld . "The commercial f i sherman
wants to improve his way of life. The proces-
sor wants to have the most favorable rate of
return in his business. And the consumer
wants to have the right kind of products at
the right price and quality in the market.

"It should be clear that it is difficult to
satisfy simultaneously all of these groups in-
volved with a particular stock. Any manage-
ment decision related to any one group will
probably affect all of the other groups. If we
do not consider all groups, then there may be
some individuals who are affected positively
or negatively. If we do not appreciate the
gains and losses of each group then it will be
dif^f^icult to know whether our fishing manage-
ment decision is indeed the best," Rothschild
said.

"This is much easier to say than do, never-
theless we have made a start. If we are to
make better decisions, we will have to en-
hance our research in the social, economic,
and biological areas and collect new kinds of
data in a more systematic way." he said.

Robert *W. *Schoning, Director, *NMFS,
echoed Rothschild's statement on the need
for additional data when he addressed the
group. "I have been deeply concerned for a
long time about the great .lack of suf^f^iciently
detailed information on recreational fishery
catches in our marine waters. We must have
more data on the recreational fishing indus-
try, its components, the relationships, the
importance, and the extent. We have been
making far less progress on this than we have
desired, however, we are at least getting

started on some of this and I am convinced
work will accelerate." *Schoning said.

Philip A. Meyer. Chief Special Service
Advisor Habitat Protection Directorate for
Fisheries and Marine Services in Canada,
presented his ideas on the social aspects of
the 200-mile zone, information needed, and
means of collecting the in^formation that the
Fishery Management Councils require in con-
sidering recreational fishing in their manage-
ment plans.

"In the past the nature and magnitude of
benefits provided by recreational fishing have
only been considered superficially," says
Meyer. "Fish for recreation have been allot-
ted out of commercial catches and the search
for biological information to be used in fishing
models has ^been treated as a sufficient base
for decision makers," he said. "No one
wants to allot part of a commercial recrea-
tional catch to marine recreational fishing.
The councils must now weigh the benefits, to
themselves and to the Nation, of shifting
small increments of ̂ f^ish between commercial
fishing and recreational fishing or between
one type of recreational fisherman and an-
other."

According to Meyer the question for the
councils to decide is how much to shift and

for what purposes. He says the councils have
the information to decide in which direction
to shift but don't know how far or ho^w much
they should shift from one recreational fish-
ery to another.

"The surveys and information available are
not adequate for the decision that is re-
quired," Meyer said. "We should ask our-
selves some questions. Do people decide
what state, town, or neighborhood they will
live in because of the recreational fishing
oppo^r^tunities in the area? What are the physi-
cal and emotional health benefits derived
from marine recreational fishing? What are
the attitudes developed in children because of
recreational fishing? How are people's values
and views of recreational fishing changing?
How and why are we losing sportsmen; do
they get fed up and quit or do we lose the
children before they start? Most important,
how can we win them back?"

Meyers said the collection of this type of
information must be weighed against the ef-
fort required and the results obtained. "The
creation of the regional councils represents a
great opportunity for marine recreational fish-
ing," Meyers said. "The Act requires that
recreational fishing receive full and equitable
treatment. It demands that bene^f^its to the

Three ̂ sp^eakers at the ̂ Marine Recreational Fisherie^s Sympo^sium ̂ were (top photos, left to right^) Dr.
Brian ̂ Rothschil^d, *N^MFS, ̂ di^sc^u^ssing the ̂ e^f^fect^s of optimum ̂ sustainable yield on ^recreational
fi^shermen; Richard Stone, *^N^MFS, talking on the uses and effects of arti^ficial reefs; and Dr. Fran^k^
Car^/ton, Pre^sident of the ^National Coalition for ^Marine Cons^er^vation, talking to the op^ening
session and the audience al̂ so partici^pat^ed; here a questioner ̂ quizzes one of the panels during
the t^wo-da^y session.
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people be the focal point of the pla^ns pro-
duced by the councils."

He feel^s the councils are in a position to
gain from traditional information and exper-
tise but need to build u^pon this information
by having a more contemporary thrust.

^"One must go beyond biolo^gical resear^ch
and develop a more balanced program of
information and research and have a more
serious concern for the benefits derived^, es-
^pecially the recreational benefits. Don't do
away with traditional ̂ f^ishery knowledge and
science but integrate it with new knowledge
and new science and new needs," he told the
group.

T^he environment and its effect on recrea-
tional fishing was of particular interest to
those who attended. Economic losses caused
by habitual destruction from *estuarine pollu-
tion, dredging, landfill, and ocean dumping,
as well as methods of enhancing and develop-
ing marine habit^ats, were among the prob-
lems discussed.

Dr. Allen Hirsch. Chief of Biological Serv-
ice of the Fish and Wildlife Service, told the
group that habitat destruction has had a pro-
found impact on recreational fishing. A 1967
study has shown that over a 20-year period,
seven percent of the *estuarine areas had been
destroyed by filling and other commercial
development. A 1970 study showed that 23
percent of all *estuarine areas had been se-
verely modi^f^ied by m^an and another 50 per-
cent moderately modified. He estimated that
^40 percent of the coast^al wetlands had been
lost.

"Loss of these wetlands can have three
impacts on recreational fishing." says Dr.
Hirsch. "First, there is a reduction in fish
populations. ^Second, the fish populations re-
main the same but become contaminated and
un^palatable or unsafe for human consump-
tion. Third, the areas become unattractive to
fishermen and they won't ̂ f^ish there. In some
areas, access is so reduced that they just
can't ̂ f^ish in the area."

He feels, however, that continuing progress
is being made in treating industrial waste and
that ocean dumping will be more strictly
controlled. Severe rest^r^ictions on the use of
^wetlands and water diversions will also assist
^us in reducing man's destruction of the envi-
ronment required for healthy fish stock.

"Environmental considerations are as im-
portant to the management question of recre-
ational fishermen as the basic question of
^management of stocks." said Dr. Hirsch.

Richard *R. Gardner. Deputy Director. Of-
fice of Coastal Zone Management in *NOAA.
^told the group that almost everyone agrees
that there should be some level of protection
^of wetlands. "Differences occur on the extent
^of the protection and whether the ^states or
^the Federal Government should protect
them," he said.

Wetlands are important because they serve
^as a sour^ce of food, shelter, and breeding for
^f^ish and shellfish. They also purify water,
provide storm and flood protection, and pro-
vide areas of unsurpassed natural beauty.
Gardner told the attendees.

The Office of Coastal Zone Management is
^assisting states in the development of plans
that will give high priority to wetland *protec-

*tion. California. Oregon, and Massachusetts
were named by Gardner as examples of states
where lo^cal communities have pulle^d together
to arrive at goals and established coordinated
state-local effort to control wetland use.

Coastal Zone Management is directing
other programs which will have an i^mpact on
recreational fishing. The *Estuarine Sanctuary
Program serves as a research and data re-
source in the development and implementa-
tion of state coastal zone programs. Both
Georgia and Oregon have these programs
underway and both speci^f^ically permit recrea-
tional fishing. Some time in the future, as
many as 20 such programs may be developed
on all coasts and on the Great Lakes.

Two marine sanctuaries have been est^ab-
lished. The first is off North Carolina at the
site of the *U.S.S. Monitor and the other in a
coral area off Key Largo in Florida. "These
are significant to the recreational fishermen in
that they provide a means of control of the
activity permitted in the area," said Gardner.
"They protect a specific resource but also
permit the recreational fishermen to use the
sanctuaries."

Recent amendments to the *CZM Act au-
thorize the Office to provide matching funds
on a 50/50 ba^sis to states to permit them to
acquire land for access to boat ramps and
fishing areas that can be used by the recrea-
tional ̂ f^ishermen, according to Gardner.

Even though a lot of the coastal lands have
been destroyed or harmed by man, all is not
lost, according to Richard Stone.

Stone, Acting Director for Recreational
Fisheries in the National Marine Fisheries
Service, is one of the country's leading au-
thorities on the development of artificial
reefs.

"Construction and wise use of artificial
reefs can help to achieve the goal of develop-
ing and implementing management tools and
practices to conserve and enhance fishery
resources," he told the group.

"Reefs have potential to become practical
management tools by developing quality fish-
ing grounds close to access areas, increase
stock size of reef fishes, and bene^f^it anglers
and economies of local communities." Artifi^-^
cial reefs must be managed by qualified indi-
viduals with adequate ̂ f^inancial support, ac-
cording to Stone. ^"They must be situated
prope^r^ty so they don't con^f^lict with naviga-
tion or commercial fishing, and non-toxic
materials that won^'t shift must be used," said
Stone.

"Most reefs have been placed on relatively
barren stretches of ocean bottom, close to
inlets. Their use should ^be expanded in this
manner and they should also be used in areas
where rough bottom exists.

"Studies have shown that artificial reefs
^have doubled the carrying capacity in the
*ireas of natural reefs and just don't serve to
*^:oncentrate the fish," he said.

The United States is not the only country
showing an interest in recreational fishermen.
D. *J. Stem of Canada says that his country is
becoming more awa^re of recreational fishing,
not only economically, but also because of
the impact on the resources. "A national
survey has shown that over 3.5 million an-
glers spend over one billion dollars, and in

many areas catch more fish than are being
caught by commercial fisherman," said
Stern.

Canada has taken ̂ several steps to assist the
marine recreational fishermen. It placed limi-
t^ations on the types of gear that can be used
to catch *blue^f^in tuna and closed many com-
mercial fisheries for Atlantic salmon.

"Canada's commitment to promote recrea-
tional fishing is evident in many projects it
has undertaken and in the proposed Pacific
salmon enhancement program, primarily de-
signed to increase angling," Stern said. "Ad-
ditional evidence of Canada's interest was
shown with the establishment of a separate
recreational fishing branch in 1973. This
branch is responsible for developing new na-
tional recreational fishery policy," he said.

Mexico has increased its efforts to expand
it^s fishing activities. Mr Fernando *Ra^fful,
Director of the Department of Fisheries, says
that his department, equivalent to Cabinet
rank in this country, is entrusted with the
management and development of the coun-
try's resources to meet the basic food, em-
ployment, and monetary demands.

"We cannot allow ourselves to disregard
any one aspect of the fishing activities,"
*Rafful said. "We feel it is our moral duty to
consider them all. This is why we suggest the
development of recreational fishing in order
to bring about its present and future use
within a humanistic concept."

"We are drafting new fishing regulations to
explicitly and precisely embody all mea^sures
tending to foster recreational fishing," he told
the group. "We are easing the paperwork for
licenses required by our foreign visitors so
that they may more easily enjoy our many
varieties of recreational fishing. We attach
special importance to the cooperation among
the United States. Canada, and Mexico for
developing a system to gather information on
recreational fishing whose joint use will bring
about a better management of this activity in
order to optimize the use of our recreational
fishery without *overexploiting it." said *Raf-
*ful.

"We feel that these programs will result in
better conditions and *• facilities for fishermen
interested in recreational fishing in our coun-
try," he concluded.

Many topics of interest to all recreational
fishermen were discus^sed during the meeting.
Although much progress has ̂ been made since
the Act was passed, many who attended feel
that much remains to be done. Robert *Schon-
*ing perhaps summed up the feeling of the
group when he said, "Enactment of the 200-
mile zone. Fish^ery Conservation and Man-
agement Act. stand^s with the establishment
of our national forests as landmark legislation
in further conservation of our nation's natural
resources.

"Although we have come a long way.
during the past year, much remains to be
done. There's no question in my mind we'll
have difficulties and break down^s. Seldom, if
ever, do new programs of such magnitude
and complexity get started without a hitch.
What is important is that the pur^pose, struc-
ture, and implementation of our ext^ended
jurisdiction law provide a pattern for the
world to follow." *;^.
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N FEBRUARY 24 the sulfur tanker Marine *Floridian, its
rudder stuck to port, struck the 4.463-foot Benjamin Harrison

Memorial Bridge near *Hopewell, and the James River, one of
Virginia's most vital water^ways, was abruptly closed.

The collision knocked 110 feet of the brid^ge, ̂ and 240 feet of the truss
into the river's main channel, suspendin^g vital shipping between the
Richmond area and the port of Norfolk. The closing of the river
particularly affected those businesses in Central and Western parts of
Virginia dependent on the upper James for fuel shipments and other
supplies from Norfolk.

At the request of the U.S. Coast Guard's Marine Safety Office,
*NOAA's Atlantic Marine Center, the home of the nation's only wire
drag ships constructed especially to locate under^water navigation
hazards, dispatched the Rude and Heck to sweep the area adjacent to
the partially collapsed bridge.

After three days of operations, the Rude and Heck cleared the
southern auxiliary channel to 18 feet, and limited barge traf^f^ic on the
James was resumed. Two days later, however, the north tower of the
bridge's lift span, tilted since the collision, fell into the river. Again,
the Rude and Heck were called in to clear the channel of all debris—
but this time to the least depth of 24 feet, based on predicted tides.
This required the acquisition of a new drag device designed for use in
small areas by Great Britain's Royal Navy Hydrographie Division.

The system consists of a constant *tensioning machine containing a spool of *^Чз^г"
piano wire. The wire is stretched between two launches and lowered to the desired drag
depth by use of a weighted '/4" wire fed through a gallows. Ideal conditions occur when
the launches are able to drift, under minimum power, so that the weighted wire hangs
vertically in the water. The constant *tensioning machine holds wire sags to a minimum
between the supporting uprights.

To assist the Rude and Heck in the proper use of the British system, *Lt. *Cdr.
William *Frisken of the Royal Navy's Hydrographie Office Survey Division came aboard
as an adviser. *Lt. *Cdr. *Frisken is presently stationed at the U.S. *NAVOCEANO Base
at Bay St. Louis, Miss., as the hydrographie liaison officer between the U.S. and Great Britain.

According to Ens. Samuel P. *DeBow, Jr., of the Rude and Heck,
during the first few days a number of hangs were encountered with the
new machinery. "It ^was evident," he said, "that something was
protruding from the bottom which could possibly hinder safe naviga-
tion through the main channel."

This information was relayed to a salvage company at the scene
which later found a boiler of riveted construction protruding six feet
from the bottom. "After its removal," said *DeBow, "the company
then swept a 150-foot steel beam through the channel in order to
knock down any small protrusions."

On March 24, exactly one month following the date of the accident,
the Coast Guard opened the James River to unlimited traffic. A week
later, *R. *Adm. Rob^e^r^t *C. *Munson, Director of *NOAA's Atlantic
Marine Center, received a letter from *Capt. *C. *R. Thompson, of the
U.S. Coast Guard and Captain of the Port of Hampton Roads, Va.

"While I realize that operations of this nature depend on the
successful cooperation of many individuals," wrote the Captain, "I
make speci^al note of Commander (Robert A.) Ganse and the crews of

the Rude and Heck. The spirit of cooperation and
devotion to duty exhibited by these men was

very commendable *. *. *. please extend my
appreciation for a job well done

to each person assigned to
the mission."

An appropriate ceremony

was held aboard the vessels.

Richmond

ridge

*Hopewell



i WAS *THF^P^P
WHE^N T^HE

^THE

Le^f^t: *Cdr. Robert A. Ganse and Chief Boats^wain ̂ Wi^l^liam Brook^s, of
the Nat^ional Ocean Sur^vey's Rude/Heck, dismant^le the 500 pound
^wire drag ̂ sy^stem. Top: W. *E. Winfrey, *^Asst. District En^gineer for the
R^ichmond Area (left^), *Lt. Dean Harder ̂ (center^) and *Cdr. Ru^ssell
^Sawyer (right), of the U.S. Coast Guard, disc^u^ss plans for removin^g^
bridge wreckage. Above left: the wire drag ̂ system is designed to work
in tight places. A^bove right: T^-shirts 'commemorating' the event are
on ̂ sale at the local marina. Below: ̂ Kenneth S^aper^, engi^neer and
photo^gra^pher for the Va. State High^way Department, records al^l^
^salva^ge activities.



*noaa/update
Л ̂ p^erf^e^c^t l a u n e h

GOE^S ^SATELLITE I^N ORBIT
A new en^vironmental monitoring sat-
ellite, to be pos^itioned to keep watch
over the eastern half o^f the Unite^d^
States an^d the Atlantic Ocean, was
launched June 16 just in time for this
years hurricane season

The satellite. *GOES-B, is the lat-
est in a series of Geostationary Op-
erational Environmental Satellites to
be operated by *^NOAA

The spacecraft was launched
about 6 51 am E^OT by NASA from
Kennedy Space Center in Flo^rida It
was placed into an earth synchron-
ous orbit at an altitude of about
22.300 miles (35.800 kilometers)
with a velocity which will keep it in
position over the equator above
South America Now in orbit, t^he
satellite is known as *GOES-2

From the position, instr^uments
aboard the satellite let it "s^e^e the
d^evelopmen^t of hurricanes in the
tropical Atlant^ic or Caribbean, and
follow any storm s movement. The
satellite rout^inely transmits imagery
^back to earth every half hour, day
and night, more frequently when
necessary

*GOES-2 replaces an earlier
spacecraft of the same series in
maintaining the East Coast and Gulf
watch. Another satellite of the series
^is positioned above the equator over
the Pacific Ocean, watching the
weste^rn half of the United States and
the Pacific as far west as Hawaii.

While hurricane watch is an impor-
tant miss^ion of the satellite, it is far
from the only responsibility, accord-
ing to David S Johnson. Director of
*NOAA s National Environmental Sat-
ellite Service Originally conceived as
weather satellites, the geostationary
spacecra^f^t do provide a host of data
of importance to weather forecasters
They use both visual and infrared
imagery for severe storm evaluation
and to analyze cloud cover, w^inds,
ocean currents, fog distribution,
storm circulation, snow melt, and
other environmental phenomena

*"Seagranti-." A New
Word in Taxonomy
The O^t^tice of Sea Grant may not go
on forever, but unless disaster over-
comes marine life off G^ua^m, its
name appears destined for immortal-
ity.

The reason is that Sea Grant sci-
entists at the University of Guam
have discovered two new species of
stone crabs. Because their work had
been earned out under the auspices
of the *NOAA agency, they showed
their appreciation by naming one of
the species P. *Seagranti.

*^NMF^S In^s^p^ects
Fi^sh Products
The inspection of certain fish prod-
ucts for the Armed Forces has been
transferred from the Department of
Defense to the Department of Com-
merce. Commerce Secretary *Juanita
*M. *Kreps has announced.

Inspectors from National Marine
Fisheries Service will assume the
responsibility from the Defense Lo-
gistics Agency The Fisheries Serv-
^ice currently inspects over 800 mil-
lion pounds of fisheries products
annually under its voluntary, *fee-^for-
*service program

^'Under our contract inspection
serv^ice, special attent^ion is given to
plant sanitation, product safety and
*wholesomenes *;, quality, species
identification, and proper labeling for
either fresh or processed fish prod-
ucts. Thomas *J. Billy, Chief of
*NMFS s Seafood Quality and Inspec-
tion Division, sa^id.

Al^askan Gas
Poin^t To Ric^h
Nature is giving scientists with *NOAA
and the *U.S Geological Survey an
advance look at the possible envi-
ronmental e^f^fects of tapping Alaska
of^fsho^re oil deposits through what is
believed to be a gas seep on the
floor of Norton Sound—in effect a
natural source of petroleum hydro-
carbons.

Dr Joel Cline of *^NOAA s Pacific
Marine Environmental Laboratory
has ̂ fo^und an area in the Sound with
unusually high concentrations of nat-
ural gas components. He and Dr
^Mark *L. Holmes of the Geological
Survey, who contributed the back-
ground information on the geology of
the area necessary to interpret
Ci^me s results, bel^ieve the gas seeps
upward from a deposit of petroleum
beneath the floor of the Sound

Such a *se^op wo^uld be more than a
confirmation of the richness of the
area s resources, according to Cline
it would allow scientists to measure
the effects of petroleum introduced

^Work^shop Held
For TV Me^dia

*Weathercasters and fil^m crews
from mor^e than 20 TV stations as
widely separated as Hartford, Conn.^,^
a^nd the Rio Grande Valley of Texas
conver^ged on Miami. Fla., to learn
more about h^urricanes. During the
nat ional ^workshop, the TV fore-
casters shot a lot of f i lm and con-
ducted interviews with *NOAA *offi-
*cial^s-below, Neil Frank, Director
National Hurricane Center.

Seep ^Ma^y^
Oil Deposi^t
into Alaskan waters before offshore
oil drilling and transpor^tation actually
begin there.

The possible seep was found
about 24 miles (40 kilometers) south
of ^Nome, in an area where Cline had
been making a survey of the abun-
dance of hydrocarbons—chemical
components of oil and natural gas.
His study is part of a ma^jor *proiect
*NOAA is conducting for the Interior
Departments Bureau of Land Man-
agement. The purpose of the project,
managed by *NOAA s Outer Conti-
nental Shelf Environmental Assess-
ment program o^t^tice (part of Environ-
mental Research Laboratories), is to
provide environmental data that
managers can use to predict the im-
pact of oil leasing on the Alaskan
Continental shelf^.

Cime came upon the possible
seep while collecting water samples
last September from the *NOAA ship
Discoverer^. The samples, taken from
different depths in the water column,
were routinely analy^z^ed with a gas
Chromatograph for various hydrocar-
bons

With these measurements, he and
Holmes mapped out the concentra-
tions of hydrocarbons as they vary
thro^ughout the waters of the Sound,
and discovered an area unusually
rich in these chemicals. The concen-
tration of ethane, for example, is 20
times higher there than in waters ^to
the south and east.

The hy^drocarbons seem to ema-
nate from a point on the sea floor
and drift northward toward the coast,
say the scientists.

*•^'



*noaa/update
Coa^stal
Fund^s
Allotted
^The first allotments of funds to
^coastal States under the Coastal En-
^ergy Impact Program, totaling ̂ $125
^million, has been announced by Sec-
^reta^ry o^f Commerce *Juanita M
*^Kreps. ̂ Funds allotte^d will go to 30
^states and three territories.

State governors were notified of
t^he fiscal 1977 allotments by the Of-
^f^ice of Coastal Zone Management
^Two sources of financial assistance
^c^reated by the 1976 amendments to
^the Coastal Zone Management Act
were used in the allotments, a
^Coastal Energy Impact Fund, and
^formula grants.

Purpose of the allotments is to
^he^lp communities plan for and deal
^With the effects in the coastal ̂ zone of
^coasta^l energy development.

Three types of allotments were
^made from the Fund—credit assist-
^ance, which takes the form of loans
and guarantees. *S110 million: plan-
^ning grants to enable states better to
plan for mitigating the effects of
^coastal energy development. S3.5
^million: and environmental grants, to
^help the states reduce or repair
*^'osses of environmental or recrea-
^t^ional resources caused by energy
^activity. $1.5 million.

Money from the Fund may also be
^used for activities such as improving
^or constructing new public facilities
and providing ne^w public services
^'^hat coastal energy development
*^r^nay necessitate. Examples of these
are new schools and hospitals, im-
proved roads, and the like.

Formula grant allotments were
^made on the basis of past, rather
than future, coastal energy develop-
^ment. Totaling $10 million, these
^grants are based on four measures
*^°^l outer continental shelf activity dur-
^i^ng fiscal 1976:

—the amount of oil and gas pro-
^d^uced adjacent to the State;

—the amount of oil and gas first
*^'anded in the State:

—the number of acres leased in
^waters adjacent to the State:

—the number of people newly em-
P^loyed in *OCS activity in the State.

Formula grants are the primary
^source of assistance to help coastal
^States and local governments *miti-
*9ate the unavoidable loss of recrea-
^t^ional and environmental resources
^stemming from coastal energy activ-
^ity.

*ERL ̂ Sat^ellit^e^
Sensors ^Warn
S^pace A^gencies
*NOAA scientists are using satellite
sensors to warn space agencies and
managers of telecommunications
and power transmission systems
when disruptive storms and regional
disturbances are expected in the
earth's magnetic f^ield.

The new system, put into opera-
tion recently at *ERL in Boulder,
Colo., is the only one of its kind in
the world, and already has given
timely notice o^f a developing mag-
netic storm.

Set up by *Drs. Joseph N. *Barfield
and Robert *L. *McPherron of *ERL s
Space Environment Laborato^ry, the
system provides a constant, and im-
mediate, visual display of magnetic
measurements made by instruments
on t^wo satellites.

Magnetometers aboard the space-
craft measure the strength of the
earth's magnetic field. Certain
changes in the magnetic readings
signify magnetic sub-storms—small-
scale disturbances that affect a part
of the field. The satellite magnetome-
ters also can detect precursors of a
sub-storm, such as compression of
the earth's magnetic field by an in-
crease in the solar wind—the stream
of energetic particles flowing from
the sun.

Within a day after the system be-
came operational, it began to indi-
cate a magnetic storm, which mag-
netometers on earth confirmed two
hours later.

Williams, Smart Named
New Ship Commanders

*Cdr. B^ruce I. Willia^ms

Two new commanding officers have
been named by the National Ocean
Survey: *Cdr. Bruce I. Williams to the
*Fairweather, and *Lt. *Cdr. Robert V
Smart to the sister ships *Rude'Heck.

*Cdr. Williams, a native of Seattle.
Wash., graduated from the University
of Washington, Seattle, Wash., in
1959 with a civil engineering degree.
He has had seven years of sea duty
aboard five ships: the *Fairweather is
his third command.

The 231-foot hydrographie survey
vessel *Fairweather will be working
Cook Inlet, Alaska on new. large-
scale cha^r^ting surveys to be used to
update existing nautical charts and to
provide a new data base for use in
ecological, pollution, engineering,
fisheries, and other scientific studies^.

*Lt. *Cdr. Smart, a native of *Colum-

^LI. Ca^r. ^Ro^be^rt ^V. Sma^rt

bus, *Ga., is a graduate of the U.S.
Naval Academy where he received
his *B.S. degree in electrical engi-
neering in 1966 After a four-year
tour with the Navy, he served aboard
the NOS ship Researcher. He was
then assigned to *NOAA^'s Office of
Environmental Monitoring and Pre-
diction in *Rockville, Md., where he
participated as one of the controllers
during the GATE project.

Before becoming the Rude/Heck
commander, he was Fleet Inspection
Officer at NOS Headquarters.

The Rude/Heck are the only ones
of their kind. The 90-foot 190-ton
vessels are designed to obtain infor-
mation by wire dragging for under-
water navigat^ion hazards—sunken
wrecks, rocks and other submerged
obstacles.

^Run, run, run. *NOAA personnel are distinguishing themsel^ves and dazzling the competition with theî r fancy
footwor^k. (Left) National ̂ Weather Service Deputy Dir^ector Dr. ̂ Richard *E. *Hallgren ̂ vies with ^NWS Headqu^arters
Branch Chief Bernard *Edelman in a sprint down the C & O Canal on *NOAA Joggers Day, *h^eid June 1^1 in the
*D.C. area. (Right̂ ) Three members of the *ERL Great La^kes Environmental ̂ Research Laboratory entere^d and
completed the annual ̂ 15-mile run from De^xter, Mich, to Ann Arbor, Mich., on May 28. *Oceanographer Bob
*Pic^kett (left) finished the run in 111 minutes; Physical Scientist Janice *Boyd (center), 113 minutes: and *Lt.
Don *Dosse t̂̂ t (right), 115 minutes.
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A prototyp^e oil spill r^eco^v^ery ̂ boat, for which research was suppor̂ te^d^
by the National Sea Grant Progra^m, un^dergoes sea-goin^g t^ests in
^Tampa, Fla. Th^e proj^ect, under the direc t̂ion o f̂ Unî versity o f̂ South
Florida physicist Joe *Turbeville, involves the use of f̂̂ erro^magne t̂ic
f̂oam, w^h îch is released by the boat over an oil spill. The par̂ ticles of

^foam are then recovered on a magnetic drum, put through a wringer
to squee^ze out the oil, and returned to the hopper for reuse. Sea tests
we^re called successful.

New Instrument Pack
Flown In Airlines Test

*NOAA and *USDA Team
To Improve Crop Foreca^st^s
A pilot pro^ject to impro^ve the accu-
racy of agricultural crop forecasting
throughout the Great Plai^ns area of
the United States is being conducted
this summer by scientists from
*NOAA and the U.S. Department of
Agriculture *(USDA).

Personnel ^from *NOAAs National
En^vironmental Satellite Service and
the *USDA are seeking an improved
method of determining how much
solar energy is available to crops at
any given time of a gro^wing season.

Energy from the sun is vital to the
gro^wth of crops as a factor in photo-
synthesis and in *evapotranspira-
*tion—the sum of water lost directly
from the soil by evaporat^ion and from
plants by transpiration.

To forecast the crop yields accu-
rately, agricultural specialists need to
know a number of factors, including
the amount of solar radiation; avail-
able moisture, including rainfall; and
air temperatures for a given area.

While a sca^t^tered netwo^rk of solar-
radiation measuring devices, known
as *pyranometers, does exist
throughout the Great Plains, it is
considered too sparse to provide
precise information in all areas of
interest, according to the Great
Plains Agricultural Council. Satellite
imagery, it is hoped, would provide
desired coverage.

Satellites operated by *NOAA carry

instruments capable of measuring
the amount of cloud co^ver. The clou-
^diness indicated by t̂ he satellites will
^be relate^d to the a^mount o^f sunlight
measured at ground level by the *pyr-
*anometers. To determine whether
the readings are precise enough to
meet the nee^ds of the Great Plains
Agricultural Council, the investigators
will compare hourly readings from
*^NOAA's *GOES-1 geostationary sat-
ellite with measurements taken from
a networ^k of *pyranometers.

A Pan American World Airways
Boeing 747, in regular passenger
service for the international airline, is
doing double duty as a flying labora-
tory, demonstrating the concept that
aircra^ft can collect important weather
information in flight and relay it via
satellite to weather forecasters on
the ground.

An electronics package which col-
lects data from the aircraft's instru-
ments is the hea^r^t of the joint pro-
gram cond^ucted by *NOAA and the
National Aeronautics and Space
Administration (NASA).

^U.S. Coas^tal
Zone ^Maps
Publis^he^d
A series of 11 coastal zone maps of
U.S. areas, showing both the topog-
raphy of the land and the bathymetry
of the ocean and other water a^reas
will be published jointly in the next 18
months by *NOAA and the US. Geo-
logical Survey.

The series includes maps of the
Ho^uston and Bay City (Tex.) quad-
rangles; the Savannah and Bruns-
wick *(Ga *) quadrangles; and the Los
Angel^es. ^Monterey. Santa Ana, San
Diego, Long Beach, E^ureka and
Smith ̂ River (Calif *) *quandrangles

The multi-color maps, commonly
called *"topo-bathy maps, are de-
signed for use mainly by coastal
zone planners and administrators as
well as conservationists, environ-
mentalists and others interested in
programs, projects, and activities in
coastal wetlands, on the Outer Conti-
nental Shelf *(OCS) and in other
coastal areas.

*N^MFS Observers Place^d^
On Foreign Fis^hing Vessels
The first of an est^imated 160 United
States observers have been placed
on foreign fishing vessels that are
permitted to fish within the 200-mile
f^ishery conservation zone.

Four observers from the National
^Marine Fisheries Service boarded
two Japanese crab factory ships
when the ships sailed from Hok-
kaido, Japan, bound for the Eastern
Bering Sea. They will remain on the
ships until the Japanese reach their
quota of ̂ 12,500 metric tons of tanner
crabs.

Under the terms of permits issued
under the Fisher^y Conservation and
Management Act of 1976, observers
are placed on foreign fishing vessels

information on the types of gear used
as well as the fishing effort of the
vessels. In addition, they will monitor
compliance with the regulations and
terms of the fishing permit.

Observers are scheduled to be
placed on the fishing and processing
vessels of Spain, Japan, Italy, East
and West Germany, Taiwan, Poland,
USSR, France, ^Romania, South Ko-
rea, and Bulgaria during those pe-
riods of the year and in the areas in
which they have permission to fish.

U.S. observers will board the ships,
either before they leave their home
po^r^ts, from Coast Guard vessels at
sea, or when the foreign ships enter
U.S. ports to pick up the observers

The project is under the direction
of *NOAA's World Weather Program
Office. James *Giraytys of Environ-
mental Monitoring and Predictions
(EM) is the project manager, with Dr.
James *K. *Sparkman, *NOAA physical
scientist, and Dr. Rex Fleming, direc-
tor of the *FGGE project office, work-
ing together with NASA to develop
and implement the instrument pack-
age.

The package was developed for
*NOAA by NASA's Lewis Research
Center, Cleveland, under the techni-
cal management of the *Goddard
Space Flight Center, *Greenbelt, *Md.
It is designed to tap into the *inertial
navigation systems of wide-bodied
747 and *DC-10 series jets, collecting
data on the air temperature, wind
direction and speed, aircraft location
and altitude.

This material is automatically con-
ve^r^ted into a message format which
is transmitted to a *NOAA geostation-
ary satellite for instantaneous re-
transmission to the ground.

Throughout this year, five more of
the electronic packages are ex-
pected to be installed on aircraft op-
erated by other international carriers.
The packages are called Aircraft to
Satellite Data Relay *(ASDAR) plat-
forms.

The prototype *ASDAR model
weighs about 40 pounds (18 kilo-
grams) and is about the size of an
electric typewriter. It requires about
200 watts of power, and transmits on
a frequency of 401.7 megahertz.

The satellite which relays the mes-
sage to the Weather Service through
*NOAAs Command and Data Acqui-
sition Station at Wallops, ̂ Va., is one
of two geostationary spacecraft
*NOAA operates. While their main
use has been to provide images of
the earth and its atmosphere—seen
nightly on most TV weather broad-
casts—they also each have the ca-
pability of handling messages from
more than 10,000 data collection
platforms; land-based, on ocean
buoys, or, as in the case of *ASDAR,
aircraft alof^t.

*NOAA and NASA scientists see
the major potential for the *ASDAR
system as providing *meteorogical
data from the tropics and southern
hemisphere where weather informa-
tion is particularly difficult to obtain.
But the retrieved information also is
considered valuable to airlines, pro-
viding up to the minute weather con-
ditions for inclusion in last-minute
flight planning, with resulting poten-
tial savings in fuel and flight time, as
well as more accurate forecasts of
importance in aircraft routing.

*^"^•^•
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^Robe^n W. *Schoning ^(center), director o f̂ Na t̂ional Marine Fis^heries
Ser^vice, and Howard Pollock (right), *^NOAA D^eputy Administrator, are
shown accepting a plaque fro^m AI Guimon^d, E^xecutive Secretary,
Atlantic O^ffshore Fish and Lobster Association. The presentation was
ma^de to *NMFS for the efforts of the Secretary of Commerce and
*NMFS on *AOFLA's ̂ behalf ̂ durin^g implementation of the Fishery
Conservation an^d Management Act of ^1976.

^Water^spout^s ̂ Subject to
Aircraft Laser Probe

Fisher^y Conser^vation Act
Report Summari^zes Actions
Actions taken by the eight Regional
^Fishery Management Councils and
the Department of Commerce to im-
plement the Fishery Conser^vation
^and Management Act of 1976 are
summarized in a repo^r^t sent to Con-
gress by the Department of Com-
merce.

The report covers the period dur-
^ing ̂ which preparations were made to
insure that the United States would
be prepared to exercise ̂ its manage-
^ment authority of the 200-mile limit
on March 1, 1977 Members of the
Councils were appointed in mid-Au-
g^ust, began meeting In late Septem-
ber and early October, and by the
^end of the year had elected officers
^and, in many cases, had selected
^executive directors and administra-
tive headquarters.

Scientific and statistical commit-
^tees were established and the Coun-
^c^ils began evaluating the fishery re-
^sources within their areas, and
^reviewed and provided comments on
^matters and documents associated
^with management of foreign fishing.

In addition to processing nomina-
^t^ions for Council membership, con-
ducting an orientation conference,
^and issuing regulations and an oper-
^ations manual on Council activities^,^
*NMFS prepared 16 p^rel^iminary fish-
ery management plans. The plans
i^dentified those portions of the opti-
mum yields of fisher^ies that cou^ld be
allotted to foreign fishermen.

Other major actions were under-
ta^ken with the cooperation of the
Department of State and the U.S.
Coast Guard. Six Governing Interna-
tional Fishery Agreements were
^si^gned and others were be^ing negoti-

ated by the end of the year. In addi-
tion, forms for foreign permits and
permit applications were ̂ developed,
a proposed fee schedule prepared
and published, and enforcement and
surveillance requirements assessed
to insure compliance with the Act

The acti^v^ity report contains de-
tailed informatio^n on actions taken
regarding the formation of the Fish-
ery Management Councils, fishery
management, and inter-agency ac-
tiv^ities. It also discusses the accom-
plishments of the eight Regional
Fishery Management Councils.

Laser probes of waterspouts, the
mild oceanic cousins of tornadoes,
indicate that some spouts may
sometimes be two funnels, one in-
side the other, each rotating at its
own speed.

Shellfish Wastes
To Be Recycled
By *SG Scientists
Shellfish wastes, now a disposal
problem in seafood processors, may
one day be the source of material to
wrap food, heal wounds, strengthen
paper and cloth, and bond paper,
wood and leather.

The shells of shellfish contain *chi-
*tm, a cellulose-like material with
great commercial potential, accord-
ing to Sea Grant researchers at the
Massachusetts Institute of Technol-
ogy. In addition to possible use in the
food, medical and paper products
industries, the material also can be
used to remove radioactive heavy
elements from nuc^lear power plant
wastes and metal contaminants from
drinking water

Interest in *chitin and *chitosan, one
of its derivatives, has taken on new
dimensions recently as shellfish pro-
cessors respond to regulations pro-
hibiting the dumping of untreated
shellfish waste in the sea

*Cd r̂. Robert A. Ganse, Chief Boatswain William Broo^ks, and Ens. *S. P.
*DeBow, Jr. ̂ (left to right), of the National Ocean Survey's ^Rude^/Hec^k,
rig the recently acquired drag machinery for a final sweep of the
James ̂ River near *Hopewell, ̂ Va. The tanker Marine *F/oridian hit the
north truss span of the Benjamin Harrison Bridge, which later
collapsed. After a numb^er of sweeps wî th ̂ the e^quipment ^(from the
Royal ̂ Navy Hydrographie Division, Great Britain), the channel under
the bridge was opened to unlimited river tra^ffic.

Double-walled waterspouts were
among the recently announced pre-
liminar^y findings of a study begun
last summer that probed the seago-
ing funnels o^f^f the Florida Keys with
a laser beam aboard a small aircraft

The laser is part of a novel instru-
ment that *ERLs Dr. Ronald *Schwie-
*sow and Richard *Cupp, and Dr Pe-
ter S^inclair of Colorado State
University, used to measure wind
speeds m waterspouts from Sinclair s
Cessna 207

Double-walled spouts have been
observe^d before, according to
*Schwiesow, but their winds had not
been measured until this study.
"They were so named because of
their appearance, he explained. "It
was supposed that the double-funnel
effect was caused by variations in
moisture in the spout, with a visible
'wall' being formed simply by denser
concentrations of water.

"But. because our laser device lets
us measure wind speeds, we were
able to identify the dynamic differ-
ence^^—a di^fference in velocities
within the spout that indicates two
cylinders rotating about a common
axis."

Preliminary analysis of the data,
he said, suggests that the two vor-
tices of a double spout are in fact two
separate, concentric funnels, which,
while rotating in the same direction,
rotate at different speeds.

Only part of the data has been
analyzed, but the maximum rota-
tional velocity they found so far was
56 miles (90 kilometers) per hour.
*Schwiesow emphasizes that as more
of the data are analyzed, they will be
able to tell whether that figure is
typical. The waterspouts ranged in
size from 13 feet (4 meters) to giants
100 feet (30 meters) across. All of
them occurred at least seven miles
(11 kilometers) from shore.

The researchers were also able to
measure the turbulence on the up-
wind side of the waterspouts. This
turbulence occurs, *Schwiesow ex-
plained, because the waterspouts
often move more slowly than the
prevailing breeze They had found
this to be true of dust devils, as well
Such turbulence was expected from
theory, but the *^NOAA team was able
to document the actual quantity of
the turbulence.

Ad^ditionally, *Schiesow said, the
team observed waterspouts rotating
both clockwise and co^unter-clock-
wise, unlike tornadoes, most of
which are counter-clockwise Dust
devils, he noted, are about evenly
divided.
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