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A Message
From the
Administrator

NOAA, the Congress willing, will have a new, consolidated
home in the Nation’s Capital early in 1976, the Bicentennial
Year.

This would be good news under any circumstances. Our
headquarters have been scattered about the metropolitan area
in a wide and inconvenient variety of locations for entirely too
long. This makes for inefficiency and waste — particularly the
waste of time, one of our most important resources.

Not only will the move be salutary for approximately 5000
Washington-area members of the NOAA family; its effects will
be nationally felt. The steady stream of NOAAites and others
visiting headquarters will find the ready availability of people
and places a refreshing change. Physical unification in itself
leads to a heightened sense of our commonality of mission.

All of this represents progress, but what makes the move
even more exciting is the fact that we shall be going to work in a
brand-new, $77 million complex of approximately one million
square feet in the heart of New Town in Fort Lincoln, at the
Maryland-District line in Northeast Washington.

New Town will be easy to reach, from the Capital or from
the suburbs. It will have all the vigor of every new and interesting
venture. It will be a new community of approximately 16,000
persons who will live in a place where one-third of the land is
set aside for recreation, where theatres, shops, cultural and
educational facilities, and such amenities as a large green and
a lake beckon. It will be socially, economically, and functionally
balanced. It should be a vital and dynamic place for NOAA.

When we are relocated, let us not have an eight-thirty-to-
five sort of relationship with those about us. We will represent a
substantial percentage of the people spending their days in New
Town. Let us become a genuine part of the new community.

We shall all be richer for it.

KudaX 24 Wisle






Georges Bank

under

scrutiny.. ...

Stretching far to the east and north of
Nantucket Island is an area of the rolling
restless north Atlantic known to codfisher-
men for 225 years. With depths of less
than 50 fathoms, shoaling in places to less
than 10 fathoms, it supports a wide variety
and great number of fish. Its shallows pose
a danger to deep draft vessels. It is now
also considered to bz a potentially produc-
tive region for oil reserves.

Georges Bank, as the area is known, was
a major fishing area for European fishermen
as far back as the time of Columbus, The
first recorded catch of cod by New England
vesse!s from the bank came in 1748. Though
catches varied through the years as the
supply of cod fluctuated, by the close of
the 19th century 174 dory schooners were
fishing on Georges Bank and nearby Browns
Bank southeast of Nova Scotia.

Haddock, too, was at one time plentiful
in the Bank, yielding about 50,000 metric
tons annually during the three decades end-
ing in 1964. Bank fishermen also bring in
flounder and sea scallops, among other
species.

The schools of fish in these gray waters
now attract Soviet, Polish, German, Span-
ish, Rumanian, French, Japanese, Cuban,
and other fishing fleets, in addition to the
American and Canadian vessels that have
long fished the area.

Under these waters is a predominantly
sandy bottom, strewn in places with shell
and pebbles. Under the sand, geologists
believe, lie significant deposits of petroleum.
During the past few years, the Bank has
been the subject of considerable seismic
activity, and has been included in plans for
a U.S. Geological Survey coring program.

Meanwhile, New England’s economy—
now in the process of changing from pri-
marily manufacturing to service-based—has

* Hedy Mattson is Sea Grant Program Editor
at Massachusetts Institute of Technology.
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How would an oil find
on a world-famous
fishing grounds affect
the economy and the
environment?

M.LT. Sea Grant
tackled the problem.

sagged. Unemployment rates are up from
four percent to eight percent. New Eng-
land’s fuel costs are the highest in the
nation, in a region noted for its long and
cold winters. So the questions naturally
arose—would an oil find on Georges Bank
bring down the prices of petroleum prod-
ucts? Could oil production bolster New
England’s economy? There were some who
thought this probable; others were not so
sure,

And in any case, concern was voiced that
even if oil production on the Bank could
substantially increase regional income, the
region’s environmental quality might suffer.
If oil were produced, it was feared, this
could harm the prolific biological life on
the Bank, which is the spawning and feed-
ing ground of many commercially valuable
fishes. How, environmentalists wanted to
know, could changes in the ecosystem re-
sulting from oil development be measured
against possible changes in the local eco-
nomic conditions?

Moreover, fishermen are already beset
by high operating costs (53% of every
dollar brought in goes right back out. to
pay crew’s wages). They fear further deple-
tion of stock because of pollution, as well
as impediments by oil industry facilities to
their fishing methods.

Because the region has had no experience
with offshore petroleum production and
processing, the New England Regional
Commission and New England Rivers
Basins Commission solicited the help of the
Massachusetts Institute of Technology to
study the implications of Georges Bank oil
on regional income and environmental qual-
ity. NOAA’s Office of Sea Grant, recogniz-
ing the implications of such a study for
other national areas. immediately supplied
matching funds. as did the National Science
Foundation.

The purpose of the study, says Professor
Alfred H. Keil, Director of the M.I.T. Sea
Grant Program, was not to advise New
England on its oil policy, but rather to
develop “a reliable information base for
rational discussion among persons and
groups having normally divergent opinions
and adversary positions” and to provide the
“information and analytic tools by which
regional authorities . . . can approach rele-
vant policy decisions.” It is particularly
significant, he says, because it attacks a
major regional problem “from both the
economic and environmental viewpoints
simultaneously, using consistent hypotheses
and assumptions.”

Headed by Professor John W. Devanney
ITII, of MIT’s Department of Ocean Engi-
neering, the interdisciplinary Sea Grant
team spent a full year on research and
analysis, One member of the team signed
on as crew member on the trawler TREMONT
for a trip to the Bank. Qil companies
cooperated, as did nature conservancy and
biological research groups, government
agencies, and academic institutions. Richard
Hennemuth of the National Marine Fish-
eries Service broke out data from his
Georges Bank fishery tapes. The three-
volume report, entitled “The Georges Bank
Petroleum Study”, was issued in February
of this year.

How did they go about their study? To
begin with, the team hypothesized a num-
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ber of locations on the Bank for petroleum
discoveries, and assumed that each was
capable of a wide range of production rates.
A computer model capable of simulating
physical variables such as refinery locations,
and policy variables such as import restric-
tions, was generated. The researchers then
explored possible oil finds in combination
with hypothetical refienery locations, for-
eign crude prices, import quotas and natural
gas pricing policies to determine implica-
tions of various combinations. Meanwhile,
they began their studies of the possible
biological impact of oil exploration and
development on the Bank.

And the results that flowed from all this
effort? One of the most startling discoveries
—an economic factor from which came a
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From America's earliest days, fishermen have
harvested the rich waters of Georges Bank off
Cape Cod (upper left). Handlines were used
for about 200 years aboard the European
vessels that fished the banks. At first, the

great many other findings of the study—
was this: the single most important factor
that affects New England’s regional income
—that is, its ability to purchase goods and
services—is the cost of foreign oil.

This means, for one thing, that any oil
find from Georges Bank would have no
appreciable effect on the cost of fuel to
the consumer in the area.

Owing to the large rate of fuel consump-
tion in New England. virtually all of the
oil produced on Georges Bank could fore-
seeably be consumed by the region and
imported oil would still be required to meet
the demand. Thus, since the prices of prod-
ucts are determined by the most expensive
alternative source necessary to meet market
demands—in this case, foreign oil—a

Georges Bank discovery would not of itself
result in a decrease in regional products
prices. (It is assumed that the bulk of oil
imported into the region will continue to
come from the Middle East and the Gulf
Coast.)

Of prime importance to the New England
economy, however, is whether lease and
royalty payments from oil discoveries are
alloted to the region or are turned over to
the Federal government. Louisiana experi-
ence tells us that a large fraction of the
income generated by an offshore find is
turned over to the public body controlling
the find through competitive bidding.

The value of a gas find is also dependent
upon future decisions of the federal govern-
ment to maintain or abolish regulation of

lines were fished from the deck of the ships,
(upper right), but later on they were fished
by one- and two-man crews in dories carried
to the fishing ground by fishing schooners or
other larger vessels.




natural gas prices. The price of natural gas
will be determined by the price of low
sulphur heating fuels in the absence of
federal price regulation. Some of the gas
will go to higher valued uses. The marginal
cost in most cases of landing gas is less
than the current federally regulated well-
head prices. However, if the federal govern-
ment completely deregulated natural gas
prices, the gas would be conservatively
priced at the value of the residual it replaces
on an energy equivalent basis which ranges
from 60¢ to $1.00 per thousand cubic feet
depending on whether foreign residual fuel
costs are escalated.

The study considered five refinery loca-
tions to determine which would be least
costly to New England: 1. middle Atlantic
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employing current terminals; 2. middle
Atlantic with terminals capable of handling
65 draft tankers; 3. Canadian Maritime
Provinces; 4. deepwater Maine; 5. south-
eastern New England.

The team noted that even if Georges
Bank is developed. a substantial portion of
the nation’s oil consumption will still have
to be imported. New England is the most
distant market for domestic oil and there-
fore will pay the highest prices. Further,
it is unlikely that all New England oil con-
sumption would be refined at only one of
the five probable locations. The oil indus-
try wou'd want to avoid producing an over-
capacity of refineries at any one point and
various companies supplying the refining
capacity would not use the same location.
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In the Gulf of Mexico, oil rigs and platforms
(left) co-exist with both commercial and sports
fishing boats, while oil company work boats
shuttle the roughnecks (drilling crew) back and
forth and provide supply and equipment sup-
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However. from a regional point of view,
a deepwater refinery complex in a New
England location, serviced by supertankers,
distributing its products by coastal barges
and utilizing a full extra-regional labor
force, would be only slightly superior to
that same complex placed elsewhere on the
East Coast. A refinery complex in south-
eastern New England that uses pipelines
to distribute its products to Boston, Provi-
dence, Portland and other cities, was the
lowest cost refining option investigated by
the team.

The researchers found that a Georges
Bank oil discovery in itself would have
little effect on employment in the region.
If regional refining is brought into the
picture, refinery-related employment could

port. Oil spills are always a threat; among
efforts to reduce the threat are Coast Guard oil
containment operations (upper right) and such
alternative as this “Skimmer” in operation
(lower right).



After the cod or other fish are brought aboard,
checkers cull the caich and gut the fish, pre-
paring them for the return to port and trans-
shipment to market.




be quite significant in situations of moderate
underemployment or sharp unemployment.
On the other hand. if refineries increase the
mCi'dence of nearshore spillage, the loss in
Tegional income associated with the spillage
could be greater than the increase in re-
gional income due to regional refining.

The loss in regional income due to inter-
ference with the Georges Bank fishery
ppears to be small compared to the in-
Crease in regional income associated with
an oil find. However, the M.LT. report
Cautions, the loss in fisheries income will
¢ concentrated in a segment of the popula-
tion which under current roles of the game
Would not otherwise be compensated.

The potential biological impact of oil
ACtivities on Georges Bank received special
altention. The M.LT. group found that the
Most important factor was whether a spill
Occurred offshore or nearshore. A very
arge offshore discovery, they concluded,
Zf"“!d roughly double the potential amount

Oil spilled in the region. Of this spillage,
a;g% would reagh shore in the summer
¢ almost none in the winter, because of

€ prevailing winds in the area. The sum-
:;ir spills would require 30 days to come
o ore ar,l,d by .then would bg “well-
tid:thered by action of waves, winds and
ot S. The oil would not come to shore as
B edlcoherent mass but rather in the form

ISpersed tar balls.
ey earsl?ore spillage is a substantially more
eaEFe biological problem, the Sea Grant
distrir}l concluded. If the region refines its
o ate products. nearshore spillage could
_Increased by 30% to 100%. The prob-

3bility of spillage is also greatly increased,
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Ubiquitous companions of fisherman, gulls
hover around this Boston trawler—typical
Georges Bank fishing vessel—on a calm day.

they found, when barge transport of prod-
ucts is employed rather than pipeline.

The immediate toxic responses to oil
occur in the first 24 to 48 hours following
a spill. If the toxic components were to
penetrate nearshore sediments, they would
be less subject to biodegradation and more
capable of affecting the environment for
longer periods. When crude oil and oil
products are spilled, they are altered by
evaporation, dissolution, bacterial, and
chemical action. Weathering due to environ-
mental exposure affects both the contamina-
tion level and the relative composition of
the pollutant.

The particular type of oil spilled is
another important factor which determines
the biological impact, they found. The key
variable appears to be the concentration of
the aromatic compounds dissolved in the
water column. Despite their overall simi-
larities. different oils and oil products ex-
hibit a great variety of composition.

The researchers have emphasized that the
results of their investigations made no sug-
gestions for the future of oil development
in New England. Their method of study
was to employ hypotheses by which a model
could be constructed as a means to pursue
objectively based research.

In summation, the results of the research
indicate:

1 New England’s employment would not be
appreciab'y affected by petroleum develop-
ment, except at times of high unemploy-
ment and underemployment;

2 Fuel prices would not appreciably de-
crease because New England would still

\=

depend on imported fue! anc the foreign
nations will still require high prices;

3 If oil were marketed in New England.
prices would be comparable to those of
imported oil.

The economic pressure to dev_iop Georges
Bank, the team concluded, :: independent
of an import quota. If foreign crude prices
do not continue to escalate, the only notice-
able result of abolition of the quota would
be a reduction in lease bids. The important
factor, however, is whether the region
would receive the lease and royalty pay-
ments or whether these payments would go
to the federal government. Should New
England control these payments, the in-
crease in regional income could be quite
large.

Oil exploration and discovery would not
materially upset the Geoges Bank eco-
system, the researchers say. Any oil spill
originating from the Bank could possibly
reach shore (a 1-5 percent probability in
the summer and practically nil in winter).
Such a spill would not come ashore as one
unit but in the form of dispersed tar balls.
However, nearshore spillage resulting from
coastal tanker traffic could cause biological
and recreational disruption which could
exceed the economic benefits of regional oil
refining.

Should New England explore the Georges
Bank and exploit any possible oil reserves?
The M.ILT. researchers opened the doors
to rational discussion and made critically
apparent the necessity for continued study
to understand the ramifications of any
future developments. O
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Donald F. Moore, retiring Assistant
Administrator for Environmental
Modification, gives a wide-ranging

interview on

THE
WEATHER

Donald F. Moore retired on June 30, 1973
with 33 years of Government service.

He was appointed Assistant Administra-
tor for Environmental Modification when
that post was created in a NOAA reorgani-
zation in June 1972. In that capacity he
served as NOAA’s policy officer for activi-
ties related to environmental modification—
both intentional and inadvertent. He also
administered Department of Commerce
responsibilities under the 1971 legislation
requiring that all non-Federal weather
modification activities in the United States
and its territories be reported to the Secre-
tary of Commerce.

Previously Mr. Moore served as NOAA
Assistant Administrator for Policy and
Plans since the agency's establishment in
October 1970, and as Assistant Adminis-
trator for Plans and Programs in the
Environmental Science Services Adminis-
tration from 1968 to 1970.

He was born in Clinton, Wisconsin, and
attended Delavan High School, Delavan,
Wisconsin. He enlisted in the Air Force
in 1940 and was trained as a weather
observer and forecaster. He was commis-
sioned a second lieutenant in 1942, after
attending Officer Candidate School.

His Air Force assignments included duty
as inspector of weather facilities through-
out the United States, as operations officer
for weather squadrons in Brazil, Japan and
Germany, and as assistant weather officer
of the Eighth Air Force, Strategic Air
Command.

From 1950 to 1952, he worked in the
Plans Office at Air Weather Service head-
quarters. He was then transferred to the

Joint Chiefs of Staff in the Pentagon, where
he was assigned as Secretary of the Joint
Meteorological Committee. He also was
designated Secretary for the Standing Group
Meteorological Committee of the North
Atlantic Treaty Organization, the Canada-
U.S. Regional Planning Group Meteorologi-
cal Committee, and the Subcommittee on
Aviation Meteorology of the Air Coordinat-
ing Committee. From 1959 until 1961 he
served with the Air Force Systems Com-
mand as deputy director of a research and
development project to improve the weather
service.

He joined the Weather Bureau—now
NOAA’s National Weather Service—in
1963 as military advisor to the Chief of
Bureau and also held the post of acting
chief of the Office of Planning.

Retiring from the Air Force in 1964
with the rank of Colonel, he served as
Deputy Federal Coordinator for Meteoro-
logical Services and Supporting Research,
until his 1968 appointment as ESSA Assist-
ant Administrator for Plans and Programs.

He won the Commerce Department’s
Gold Medal in 1971 for his outstanding
leadership as NOAA Assistant Administra-
tor for Policy and Plans.

Mr. Moore has studied at the University
of Maryland, George Washington Univer-
sity, American International College, Mont-
gomery College, the Institute of Tropical
Meteorology at San Juan, and various mili-
tary institutes including the Air Command
and Staff College and the Air War College
at Maxwell Air Force Base. He is a pro-
fessional member of the American Meteoro-
logical Society.

Herbert S. Lieb interviewed Mr. Moore for NOAA Magazine

10
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Q. A great many of the NOAA family
know little or nothing about weather modi-
fication; we'd like you to give them an
introduction to the subject.

A. Fine.

Q. Weather modification is often confused
with weather control. Could you explain
the difference?

A. Weather modification is intended to
produce a transient effect on the weather
for immediate local benefit; climate control
would have a long-term lasting effect.
Weather control is a confusing term, since
it can mean either weather modification or
climate control.

Q. We usually think of weather modifica-
tion in terms of cloud seeding. What other
kinds of weather modification are en-
visioned and how far along are they?

A. There are experiments which seek to
alter the electrical properties of clouds to
enhance precipitation. Dr. Heinz Kasemir
of our Atmospheric Physics and Chemistry
Laboratory has produced some interesting
results through the use of metal chaff to
reduce the electrical potential of severe
thunderstorms and hence the lightning.
Thin films have been laid down on water

12

Hurricane Debbie, large eye clearly visible, is
seen from ESSA 9 satellite at 2 p.m. on August
19, 1969. Hurricane Debbie gave NOAA’s
Project Stormfury the most positive results in
history of this long-term hurricane modification
effort.

surfaces to inhibit the transfer of vapor
from the water surface to the atmosphere.
Possible applications include reducing the

water loss from reservoirs resulting from
evaporation, cutting off the source of mois-
ture which leads to fog formation and
depriving the hurricane of the energy it
draws from the ocean’s surface. Other
approaches to fog involve the use of the
downwash of a helicopter to blow a hole
in the fog and the use of heat sources along
runways to dissipate the fog. One of the
oldest forms of weather modification is
the smudge pots burned in orchards to
protect fruit crops from freezes. There have
been many other approaches to weather
modification beyond the conventional seed-
ing techniques.

Q. What are some of the new technol-
ogies—seeding techniques, sensors, air-
craft, hardware—being applied to weather
modifications?

A. The basic technology in weather modi-
fication really hasn’t changed appreciably
in the past ten years. Silver iodide, dry ice
and salt combine to be the primary seeding
agents and delivery is by ground and air-
borne dispensors. Work continues on de-
veloping more efficient seeding agents with

emphasis on those which will have no
adverse ecological impact. The National
Hail Research Experiment of the National
Science Foundation plans to employ air-
craft launched rockets this summer to
achieve better targeting of the seeding agent
within the storm. Work continues on
improving cloud physics instrumentation
which are vital to increased knowledge of
the micro-physical change that actually re-
sult from cloud seeding. Computer model-
ing has made substantial progress and its
role in successful weather modification is
assuming ever-increasing importance. There
are some developments taking place in
other fields that have tremendous potential
for weather modification. I think probably
the best examples would be NOAA’s up-
coming synchronous satellite, which has the
potential of contributing to our knowledge
of the effects of weather modification out-
side of the target area, and the remote
sensing work of Dr. Gordon Little’s Wave
Propagation Laboratory which should en-
able us to sense many of the physical
changes taking place in clouds as a result
of weather modification without having to
actually penetrate the storm itself. At the
present time armored aircraft is used to
penetrate severe thunderstorms.



Q. What kinds of weather modification
Programs is NOAA conducting or planning?

A. NOAA'’s weather modification program
for the approximate future will be focused
in  three specific areas—the continuation
of Project Stormfury, under the direc-
tion of Dr. Cecil Gentry, and hopefullly a
move of that project to the Pacific in the
Summer of 1976; Dr. Joanne Simpson’s
fTOpical cumulus work in Florida, which
IS progressing very well, and involves a
Major experiment this summer; and a re-
Orientation of Dr. Helmut Weickmann’s
Atmospheric Physics and Chemistry Labor-
atory in Boulder, where we’re going to turn
our attention to moderation of severe
Storms other than hurricanes. We're going
to start looking into the possibility of doing
Something with larger scale weather sys-
tems which have the potential for major
disasters, such as East Coast winter storms,
blizzards in the Great Plains, flooding and
the like.

Q. How many other government agencies
are involved in weather modification? And
What are they doing?

A. There are nine federal agencies engag-
ing in some form of weather modification,

Noaa JuLy 1973

Bird’s-eye view of weather modification: thin
streams of silver iodide trailing from wings
of aircraft, in a wide variety of locations.

including the three DOD departments. I
have mentioned to you the three programs
of the Department of Commerce. The De-
partment of Agriculture’s interest is primar-
ily in lightning suppression. The Department
of Interior’s concern is in augmenting the
water resources of the country. DOD is en-
gaged in fog suppression—both cold and
warm fog, and in some precipitation en-
hancement activities and has been a joint
sponsor with NOAA in Project Stormfury
for the past ten years. The National Science
Foundation in addition to conducting the
National Hail Research Experiment, con-
tributes to the fundamental knowledge in all
areas of weather modification and carries
on economic, social, legal and ecological
studies associated with weather modification.
NASA has a small program in fog and cloud
modification. Lastly, the Department of
Transportation is primarily concerned with
the dissipation of fog over airports.

Q. What kind of inter-agency groups
or federal offices are now coordinating
the program and problems in weather
modifications?

A. The Federal weather modification pro-
grams are coordinated within the Inter-
departmental Committee for Atmospheric

Sciences of the Federal Council for Science
and Technology through its panel on
Weather Modification. ICAS has issued a
report, ICAS 15A, which sets up national
weather modification projects and recom-
mends accelerated progress in these areas.

Q. What kind of weather modification has
been most successful so far?

A. There are two areas in which most
people active in this field will generally
agree that weather modification shows some
success. One is what is called orographic
winter cloud seeding, and this is done pri-
marily in the western part of the United
States. It involves seeding of clouds on the
upslope side of mountains for the purpose
of increasing snowpack to increase run off
of water into the reservoirs. Some of these
programs have been going on successfully
for as much as 20 years. The other area
is the elimination of cold fog. This program
is carried out commercially by some of the
airlines and by the U.S. Air Force, and very
successfully so. Now there are some pro-
grams nearing an operational stage. Dr.
Simpson’s program has promise in this di-
rection and some of the work of the Bureau
of Reclamation in the western part of the
United States is in a similar category.
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Q. If you were to rate the various pro-
posals for weather modification, which types
would you say show the earliest promise
for economic benefit?

A. Well as I mentioned earlier, orographic
cloud seeding and cold fog dispersal are
already operational and producing eco-
nomic benefit. If one were to assume that
the necessary funding was available to move
other programs ahead as rapidly as the
available technology would allow, I would
say that precipitation enhancement from
summer cumulus clouds offers the earliest
economic benefit. The benefits include addi-
tional water for crop production, power
consumption, and so on. Also, the modera-
tion of hurricanes may yield early economic
benefit, because the funding for this effort
is proposed to be a level necessary to
achieve an early capability to moderate
hurricanes.

Q. If you were to hazard a guess, when
do you think weather modification will be
operational on a large-scale basis all around?

A. It’s not possible to give a single date,
because weather modification is operational
today with respect to the orographic
clouds and cold fog I mentioned earlier.
Conventional weather modification efforts
embrace a wide range of activities including
hail suppression, and precipitation augmen-
tation. The real question is the degree of
success achieved. I would defer to the goals
of the National Academy of Sciences Report
on Weather Modification as the best source
for any conjecture in this area. The Acad-
emy is looking toward 1980 as the year
in which it should be possible to identify
the conditions under which precipitation
can be modified on a predictable basis.
I would hasten to add that the projection
is based on a rather large budget that was
foreseen as needed by the National Acad-
emy—a budget which far exceeds the
present expenditures in the Federal gov-
ernment.

Q. Do you feel that NOAA and other
scientists concerned with weather modifica-
tion have developed experiments to the point
where a broader fundamental understanding
is a condition to further development?

A. Yes. I feel that a lack of fundamental
understanding of the physics, the dynamics,
and electrical properties of both modified
and unmodified clouds is definitely limiting
progress in this field. What is needed, and
this has been brought out by a number of
groups, the National Academy of Sciences
in their forthcoming report on weather
modification, by the National Advisory
Committee on Oceans and Atmosphere, by
NOAA, and by the Bureau of Reclamation,
is a first-class, well-controlled and well-
instrumented field experiment carried out
somewhere in the High Plains area of the
United States. Knowledge gained from such
an experiment would have direct applica-
tion to weather modification for precipita-
tion augmentation, lightning and hail sup-
pression and the moderation of storms.
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Q. Because of the complex, and often
very controversial questions and problems
involved, do you see weather modification
moved indoors, that is, in the laboratory,
using high-speed electronic computers and
mathematical modeling?

A. No, I don’t think the situation will
reach that point, nor would 1 wish to see
this occur because 1 don’t think you'll get
the answers that you need in the labora-
tory alone. Some states today do not allow
operational weather modification but are
perfectly happy to see a well-conceived,
well-conducted experiment carried out.
Success in weather modification depends
on a combination of mathematical model-
ing, laboratory studies and field experiments,

Q. Over the horizon, do you see any hope
at all for taming fornadoes with weather
modification?

A. If I gave you the impression that we
expect to be taming tornadoes any time
soon, I didn’t intend to. I would not say
that it’s impossible, but 1 would put it
very far in the future, simply because we
don’t understand the nature of tornadoes
today, and until we really understand the
mechanism which creates and drives torna-
does we don’t really have the basis for their
modification. So it's a two-step proposition
and 1 don’t think we can seriously talk
about modification until we are able to
make some progress with the first step.

Q. The Stanford Research Institute has
reported that man’s ability to lessen the
intensity of burricanes has been demon-
strated with enough certainty that the tech-
nique should be used operationally now to
save lives and reduce damage in coastal
areas? What is NOAA’s position in this?

A. NOAA disagrees with the findings of
SRI in this regard. We have had, since the
beginning of Project Stormfury, two good
storms for our experiments, These were on
the same storm, Hurricane Debbie, in 1969.
While the results of these two experiments
were extremely encouraging and tended to
support the hypothesis underlying the ex-
periment, many more experiments will be
necessary before one can say with any
certainty that we do know that a given
treatment of a storm will produce a specific
result. In addition, a storm does many
things. What Debbie has shown is that
we’ve apparently been able to diminish the
peak wind in a hurricane by 15 to 30 per-
cent in these two cases. There are, however,
a lot of unanswered questions. Will we get
the same results in future hurricanes? What
happens to the storm surge as a result of
reducing the winds and spreading the storm?
Could we in fact increase the amount of
damage along the shore as a result of in-
creased storm surge? We don’t think so, but
we don't know for certain. What happens
to the precipitation pattern? Precipitation
is an extremely important aspect of hurri-
canes and typhoons and one would not want
to appreciably decrease the precipitation
along the east coast of the United States,

if this were, in fact a byproduct of hurri-
cane moderation. There are a great deal
of things we don’t know about the modera-
tion of hurricanes and additional experi-
ments are clearly in order before NOAA
could assume responsibility for recommend-
ing an operational program.

Q. Since hurricane modification experi-
ments have demonstrated promising resulfs
and potentially significant benefits, why was
Project Stormfury discontinued?

A. Well that does sound a little incon-
sistent, but there’s an exceptionally good
reason for it. As I pointed out earlier we've
really only had two good storms in a ten-
year period, consequently progress has been
painfully slow in Project Stormfury. In
addition, DOD elected no longer to fund its
own participation in Stormfury and NOAA
was faced with paying the full bill with
the DOD participation being on a reim-
bursable basis. Finally the NOAA Research
Flight Facility aircraft and instrumentation
were getting very old and expensive to
maintain and the RFF was in need of a
major modernization. The combination of
those three things caused us to reach the
decision that continuation of the field seed-
ing phase of Project Stormfury as in the
past was neither feasible nor desirable and
a new approach was clearly required.

Q. Will Project Stormfury be reinstated,
and if so when? and where? I believe you
mentioned the Pacific as a possibility.

A. Very definitely, all phases of Project
Stormfury except the actual seeding of
hurricanes continue without change, We
have always intended to resume the seed-
ing experiment, It is my personal view that
Project Stormfury is the most important
weather modification project in the nation.
In fact, the course we are taking should
result in our obtaining additional experi-
ments at a far more rapid rate than we
have been achieving in the Atlantic. Our
plan calls for a modernization of the Re-
search Flight Facility while at the same
time reducing it from four to two aircraft,
i.e.,, two four-engine turbo-prop aircraft.
Using these two aircraft in conjunction with
three similar Air Force four-engine turbo-
prop aircraft based on Guam {(which NOAA
will instrument and fund for) we should
have the capability to carry out the project in
the summer of 1976 in the Pacific. We fully
expect that in the first summer of opera-
tion in the Pacific, NHRL will be able to
seed at least three good typhoons and if
our expectations are realized we will have
had more successful experiments in a single
year than we have had in the past ten.

Q. The Research Flight Facility has been
heavily involved in weather modification
other than with hurricanes. Will the reduc-
tion in the RFF have a serious impact on
NOAA'’s weather modification program?

A. No, we do not believe so. The B-57,
one of the aircraft that we have declared
surplus, had ceased to be used. It was a
highly specialized aircraft and the require-
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A silver iodide generator, a prime tool of the Ground-based silver iodide in acetone solution
weather modifier’s trade, is raised vertically burner, top. Below, a pyrotechnic hygroscopic

by EG&G Company employee at Fort Lewis generator burns brightly from ground at night.
College.
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ments for it were very limited. The two
DC-6’s are to be replaced with a single
new four engine turbo-prop aircraft and
this aircraft will have considerably more
capability than the two 6s in terms of pay-
load, range, etc.—so I would say that no,
the RFF’s ability to support our weather
modification program is not significantly
affected.

Q. Is there a weather modification scheme
that could be applied to mitigating such
disasters as the recent Mississippi Valley
floods?

A. Certainly not at the present time. As
I mentioned earlier, Dr. Weickmann's lab
is being reoriented toward looking at what
might be done with the larger storms, but
I would think that it would be many years
before we could hope to be able to have
any effect on storms as widespread as the
ones that led to the serious flooding of the
Mississippi River.

Q. Whenever there is a major disaster
such as Hurricane Camille, or the wide-
spread flooding from Agnes, or the Rapid
City flood, there is always speculation that
cloud seeding was a contributing factor, or
even caused these catastrophes.

A. Oh yes, the speculation is always there.
We answer a great deal of correspondence
along these lines. The fact of the matter
is that weather modification played abso-
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lutely no part in Agnes, which was of course
the major natural disaster in recent years.
A number of people have suggested that
Agnes was seeded. This was not the fact
at all. In the Rapid City situation, seeding,
not by NOAA, was actually going on just
prior to the disaster itself. However, the
facts surrounding that particular case have
been gone into extensively by people knowl-
edgeable in weather modification and there’s
general agreement that the seeding activities
could not have contributed to the disaster,
which was certainly natural in its origin.

Q. People tend to seek help from weather
modification agencies whenever a prolonged
drought is upon us. Doesn’t drought by its
definition preclude beneficial results?

A. It certainly doesn’t enhance the possi-
bilities of success in a weather modification
activity, because by definition you're short
on clouds to begin with. It is my view that
weather modification can do little to ease
a major drought once it is well underway.
If the weather modification funds which
seem to become available after disaster has
struck could be made available when the
situation begins to arise, the possibility of
getting some positive results would be
greatly enhanced. From past experience,
attempts at mitigating drought with weather
modification on an emergency basis have
produced questionable results in terms of
increased water and produced practically
nothing in the way of scientific information.

Q. Would you say that there is a dif-
ference in conducting, say, a cloud seeding
experiment to relieve drought in Florida
from say, conducting a similar experiment
in Oklahoma?

A. Most certainly. The characteristics of
cumulus clouds differ widely between geo-
graphical areas and the dynamic seeding
techniques which work in Florida, may or
may not be the correct treatment for Okla-
homa or nearby states where perhaps passive
silver iodine or salt seeding may be more
effective.

Q. How much would you estimate the
Federal Government is now spending on
weather modification?

A. The combined federal funding on
weather modification has been about $20
million a year for the past two years—that
is FY 1972 and 1973. The President’s FY
74 budget request has reduced this to
something on the order of $16 million in
line with his efforts to hold down federal
spending.

Q. How much do you think we will be
spending ten years hence?

A. Well, in view of the numbers I just
gave you, if I were to extrapolate the pres-
ent situation we could be out of business
in ten years. I really don’t believe this. The
National Academy report suggests that a
spending level of $50 million a year is
justified on the basis of the potential bene-
fits of weather modification. I don’t expect
Federal spending to reach $50 million in
the next several years, but I do expect we
will see a moderate upturn shortly.

Q. Does NOAA’s new role in reporting of
nonfederal weather modification activities
carry with it any regulatory responsibilities?

A. No regulation of weather modification
activities is involved.

Q. What recommendations would you
make for the study in effective handling of
the socio-economic, legal and associated
ecological problems?

A. Well that’'s a rather broad question,
but an important one. At the present time
most of the studies that are carried out in
this area are funded through the Research
Applied to National Needs program of the
National Science Foundation, and I think
that is a proper place for them. It is essen-
tial that these types of studies be carried
out in each area of weather modification,
e.g., fog modification, hurricane modifica-
tion, hail suppression, and so on. Unless
careful attention is given to possible socio-
economic, legal and ecological problems as

the technology moves forward, it is possi-
ble that some of these factors will inhibit
effective operational application once the
technical capability has been achieved.

Q. How many states now have some kind
of regulation for weather modification
activities?

A. Nineteen states are known to have
statutes on their books dealing with weather
modification. The legislation ranges all the
way from prohibition of weather modifica-
tion to very sophisticated laws providing
for issuing of permits and licenses.

Q. Are there a lot of non-government
weather modifiers?

A. Yes. I can’t give you the precise num-
ber at the moment because we only began
our reporting requirements in October and
people are only required to report if they’re
Currently active. Since most of the weather
modification activity is carried on during
the summertime, we don’t have a complete
report at the moment. However, of those
Currently active there are 15 different non-
Federal operators.

Q. Do you think you have a pretty good
knowledge of the numbers and types of non-
Federal weather modification efforts?

A. T think we have knowledge of all that
are currently in progress. The industry has
been very good about reporting. We have
a program with the National Weather Serv-
Ice for reporting to us any weather modifica-
tion activities that their weather stations
become aware of. We also maintain a
clipping service which covers all weather
modification activities reported in major
newspapers.

Q. What good is
regulation?

A. It is extremely valuable from the stand-
boint of being able to provide information
to the general public and to other Federal
agencies of the activities of non-Federal
Weather modification organizations. In the
Past there have been cases where Federal

reporting  without

experiments have produced confusing re-
sults because the experimenting agency was
unaware that a private operator was operat-
ing upwind and was contaminating the
experiment—so it's important to know who’s
operating where. In addition we receive
many letters from people who feel certain
that weather modification is responsible for
the unusual weather that they are having
and we are able to satisfy them that weather
modification is not the cause. The reports
are also a prime ingredient in an annual
report that we issue on the state of weather
modification in the country as a whole.

Q. What is NOAA’s position on whether
weather modification should be done by pri-

vate enterprise or by government? or by
both?

A. We feel strongly that all operational
weather modification, with only one excep-
tion that I can think of at the moment, is
the proper domain of the private sector.
The one exception would be modification
of hurricanes where the size and number of
planes involved suggest that it would have
to be a Federal activity. NOAA has taken
the position that it does not intend to en-
gage in operational weather modification
activities—we stand ready to assist state and
local municipalities in programs that they
would like to institute with private opera-
tors but we do not intend to be the operator.

Q. The President’s 1973 envircnmental
message gives the DOC new responsibilities
with regard to non-Federal weather modifi-
cation activities. What are these responsi-
bilities and how are they to be implemented?

A. The President directed the Secretary
of Commerce to expand NOAA’s present
reporting procedures to provide for Federal
notification to operators and state officials
in cases where a report discloses that a
proposed project may endanger persons,
property or the environment or the success
of Federal research projects. This is a very
difficult charge because it puts the onus
on NOAA to define what constitutes en-

dangering persons, property nr the environ-
ment and what constitutes endangering the
success of a Federal projeci. We have been
consulting closely with Federal agencies,
the private weather modification community
and the university community to come up
with sensible safeguards in this area. We're
moving slowly because it is an extremely
important task and any over-zealousness on
our part could effectively harm the private
sector of weather modification. Our inten-
tion is to draw up the proposed rules after
further consultation and then ask a com-
mittee of the National Academy of Sciences
to look them over and give us its advice.
We will then publish the proposed rules in
the Federal Register and invite comments.
Once having received the comments, we
will revise the regulations appropriately and
place them in effect.

Q. There’s beer a great deal of concern
about whether in modifying the weather
we may have opened Pandora’s box; for
example, many have said that man has
already modified the global weather in-
advertently to a significant degree. Do you
feel this is true?

A. Well, perhaps we're mixing up long-
term climatic changes with weather modifi-
cation. As I mentioned in response to your
opening question, weather modification as
we now understand it is not likely to have
any long-term clirnatic effect. On the other
hand, the insults that the earth’s atmosphere
is receiving from both man-made and
natural causes are very likely to have long-
term effects. We don’t know what these
are at the present time as we're just begin-
ning to appreciate the potentizl seriousness
of the problem. We must first set up a
world-wide monitoring network to find out
just what changes are taking place in the
atmospheric constituents. That will be fol-
lowed by an analysis of these trends and
then ultimately a determination of the
implications these hold for the climate and
for man.
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Silver iodide generator, from which winter
storm clouds are seeded on random time sched-
ule, sits 7000 feet up west slope of Bridgier
Ridge, Montana. It is operated by Montana
State University under a contract with the Bu-
reau of Reclamation.

—Bureau of Reclamation Photo



Q. Please elaborate a bit on what NOAA
and others are doing in monitoring global
changes.

A, The Stockholm Conference provided
strong support for global monitoring of the
atmosphere. The U.S. has been a leader
in this field. The NOAA Observatory at
Mauna Loa represents the longest continu-
ous record of changes in the atmosphere.
We have also cooperated with the National
Science Foundation in a similar location in
Antarctica, and this year we are opening
our third station at Barrow, Alaska. Our
plans call for another station in Samoa and
stations on the East and West Coasts of the
United States. This will represent the U.S.
contribution to a world-wide monitoring
network and it is a substantial one.

Q, Is there a relationship between a single
cloud seeding experiment and possible
changes in rainfall over thousands of square
miles?

A. There is certainly no present evidence
to suggest this.

Q. Has a downwind effect of cloud seed-
ing been demonstrated?

A. Yes, in a number of specific experi-
ments there have been indications of a
downwind effect. At this time we do not
know enough to accurately describe the
nature of the downwind effect, but there
certainly is enough evidence to indicate
the possibility of not only downwind but
upwind and lateral effects as well. This
subject is in need of additional study.

Q. Could cloud seeding over Florida affect
some of the Caribbean Islands, for instance?

A. Certainly not the experimental pro-
gram being carried out in Florida at the
Present time., The answer is less clear if
one were to go operational in Florida on a
large scale. I think it would be necessary
to conduct studies to answer the question
You have posed before large-scale opera-
tional seeding is conducted.

Q. 1If you do seed clouds in order to aug-
ent rain in one area, doesn’t this decrease
the water supply elsewhere? Or do we
know?

A, In fact it may increase it, but I wish
we knew. This is an extremely important
Question from two standpoints. First, from
the standpoint of conducting a successful
€xperiment, simply because if you don't
know whether you're having an effect out-
side your target area you may, in fact, be
Compromising your control area and there-
fore compromising your experiment. More
Importantly, if there are extra area effects,
and incidentally these effects may be felt
Upwind and laterally as well as downwind,
then the operational implementation of
Wweather modification will become an in-
Creasingly complex problem. You're going
to have to consult people outside of a
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target area as well as people inside, since
those outside may or may not wish to have
their weather modified.

Q. There has been speculation that the
wide-spread use of silver iodide in weather
modification experiments has a potentially
damaging ecological or biological effect.
What is your opinion and what is being done
to examine this contention?

A. On the basis of available evidence,
none of the activity at the present time
poses any ecological harm. In terms of
potential, one would have to project where
the operational program might lead. For
example, how much silver iodide is going
to be discharged into a given area of the
atmosphere and over what period of time?
It's a topic for study that’s been going on
for some time. In addition, other seeding
agents are being studied in an attempt to
improve the efficiency of the precipitation
process and to minimize or eliminate any
possible ecological impact.

Q. There have been charges that scientists
have arrogated weather modification to
themselves and have excluded the public.
Is this true?

A. No. This is not generally the case.
There may have been isolated cases of this
in the past but the weather modification
community, both Federal and non-Federal,
has come to realize that you cannot suc-
cesfully carry on weather modification ex-
periments unless you have the support and
the assistance of the people in communities
being affected. If you try to operate without
grassroots support, you're going to fail.

Q. 1Its obvious that no matter how you
modify the weather some people will like
what is done and others won’t. How do
you think one should deal with this?

A. Perhaps the best way to get over this
problem is to improve our state of knowl-
edge in weather modification so there aren’t
so many uncertainties. The problem arises
at the present time, primarily because there
are so many conflicting views as to just
what is accomplished by a given weather
modification activity. So I would say the
answer rests in (1) learning more about
what the effects are of a given treatment,
and (2) educating the public once this
knowledge is obtained.

Q. If 1, as a private citizen, thought I had
a really great original idea on how to pre-
vent tornadoes or make rain, who would
listen to me?

A. NOAA for one, and just about any
Federal agency with an interest in the type
of weather modification you have in mind.
We receive a large number of letters on
this subject. We carefully review each pro-
posal received and supply the correspondent
with our views as to his approach. We
encourage all suggestions on any aspect of
weather modification.

Inadvertently man has interfered
with nature throughout history.

Through rain dances and other
ceremonies, he has sought weather
modification for an equally long time.

But the modern scientific era of
weather modification began in 1946
when two scientists, Vincent J. Schaefer
and Dr. Irving Langmuir, experimented
with cloud seeding by dropping dry
ice intp supercooled clouds over
Massachusetts’ Berkshire Mountains.
The seeding experiment was repeated in
Oregon shortly afterward by the Weather
Bureau and the Portland Oregonian.
Later, Bernard Vonnegut discovered
that the smoke of silver-iodide crystals
worked as well as dry ice.

These early experiments produced
scientific interest and captured the
public imagination. Here might be a
cost-effective way to produce
preclpitation.

Scientific tests in the 1950’s, however,
suggested that before precipitation
could be increased significantly, much
more had to be learned about natural
precipitation processes.

Weather modification research
recelved new recognition in the early
1960’s as a result of cumulative
advances In science and technology
during the previous decade.

With the aid of high speed computers,
specialized radar, weather satellites
and much improved aircraft instrumenta-
tion, scientists felt they were now in a
position to make a rational and
formidable attack on the weather
modification problem.

Scientists from NOAA took a signifi-
cant role in these new and exciting
ventures.
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Patient men with hemp
rope and piano wire have
given way to electronic

echo sounders

Plumbing
The Trackless

Depths

BY RAYMOND WILCOVE

“Ahoy the BLAKE,” hailed a passing sea
captain, to a Coast and Geodetic Survey
ship lying motionless in mid-Atlantic. “Can
I help you?”

“No, thanks,” replied her skipper. “We'’re
anchored and require no help.”

Anchored? In the middle of the Atlantic
ocean? Expletives crackled through the still
air, as the good sea captain—thinking he
was the butt of sarcasm—exploded in anger,
and sailed off to report that he had passed a
crazy ship with a crazy skipper.

It was late in the 1890’s, and the BLAKE’s
captain was Cdr. Charles D. Sigsbee, who
later went down with the MAINE when it
sank in Havana Harbor in 1898.

But Sigsbee wasn’t disoriented, merely
engaged in deep sea sounding. By an elabor-
ate use of shock absorbers and wire rope,
he had managed to anchor in a depth of
2000 fathoms, about 12,000 feet.

Sigsbee wasn'’t the first to make soundings
in the deep sez, but the practice was still
relatively unknowi to merchant marine
skippers, who hadn't heard of Sir James
Clark Ross anu his famous oceanographic
research vessei, HMS EREBUS. Ross is gen-
erally credited with proving that the sea
is not bottomless, as had been generally
believed until then.

The British captain recorded a depth in
the South Atlantic of 2425 fathoms, about
2% miles, on January 3, 1840. Ross’s sound-
ing took one hour. Almost exactly 128
years later, it took the NOAA Ship
DiSCOVERER, with its sophisticated electronic
sounding equipment, only a few seconds
when it re-enacted the historic event on
January 22, 1968. The Discoverer found
that the depth was 678 feet less than re-
corded by Ross.

But considering the equipment Ross was
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Lt. R. R. Lukens, USC&GS, was not believed by ships that passed in the night.

forced to use, the discrepancy was not con-
sidered out of bounds.

Ross was on a four-year voyage when
he made his sounding. In his book, “A
Voyage of Discovery and Research in the
Southern and Antarctic Regions During the
Years 1839-43,” Ross described how he
had plumbed the depth of the “bottomlesss”
ocean.

“We had made several fruitless attempts
to obtain soundings as we passed through
the tropics. These repeated failures were
principally occasioned by the want of a
proper kind of line, but they served to
point out to us that which was most suitable.

“I accordingly directed one to be made
on board, 3600 fathoms, or rather more
than four miles in length, fitted with swivels
to prevent it unlaying in its descent, and
strong enough to support a weight of
seventy-six pounds.

“On the 3rd of January, in latitute
27° 26’ S., longitude 17° 29’ W., the weather
and all other circumstances being propitious,
we succeeded in obtaining soundings with
2425 fathoms of line, a depression of the
bed of the ocean beneath its surface
very little short of the elevation of Mount
Blanc above it.”

So Ross proved that the sea had a
bottom and it was not too many years
later that Sigsbee anchored in the mid-
Atlantic to do his “thing.” While we do
not have a detailed explanation of the
methods Sigsbee used, a 49-year-old account
has come to light of soundings taken in
Alaskan waters during the first quarter of
the 20th century. Except for improved
equipment, the methods utilized in the
frigid waters of Alaska were probably not
much different from those employed by
Sigsbee.

The detailed explanation of the methods
used for sounding in the deep sea were set
out by Lt. R. R. Lukens, the Commanding
Officer of the C&GS Steamer PIONEER.
Written in 1924, the account makes inter-
esting reading when compared with the
much more sophisticated methods used
today. NOAA ships are now equipped with
data acquisition systems capable of auto-
matically recording and plotting simultane-
ously hydrographic and ship positioning
information. The vessels use an electronic
echo sounder to measure and record water
depths and locate submerged features, and
satellite or long-range electronic positioning
systems to position properly the feature on
published charts. The instrument records
depths by measuring the velocity of sound
waves. Returning echoes are converted to
depth and form a continuous graphic pro-
file of the sea floor. As this is done, fast
automated equipment codes and plots the
information.

But the development of the echo sounder
as a vehicle for determining deep sea depths
did not come until well after World War I
and the methods used in the 1920s were a
far cry from those used now. Lukens, who
died in 1964, revealed, in describing the
work of the PIONEER, that he ran into the
same problems Sigsbee did in the previous
century.

“Occasionally, while sounding at night,”
he wrote, “a passing steamer is attracted by
our strange behavior and comes close to
inquire the trouble and to ask if help is
needed. When the well-meaning captain is
told that we are only sounding, he lets loose
a few nautical oaths and slams his telegraph
full speed ahead, wondering why anyone
would be so crazy as to sound in the
middle of the ocean.



USC&GS Ship Pioneer sounded the ocean bottom in the 20’s with five nautical miles of piano wire—a far cry from today’s electronic echo sounders..

“The deep sea sounding apparatus is
simple,” wrote Lukens, “but its successful
operation requires skill and experience. It
is based on an actual wire measure while
the ship remains stationary.”

A fine grade of piano wire with a tensile
strength of about 200 pounds was used,
wound on a reel containing five nautical
miles of wire, undoubtedly a considerable
improvement over the hemp rope used by
Sir James Clark Ross of HMS EREBUS.
The reel was geared to an electric motor
for winding in and was governed by a hand
brake when paying out.

The wire passed off the reel over a
pulley which registered the length of wire
payed out and then out to another pulley
at the end of a 20-foot beam extending
from the side of the ship, and from there
into the water.

To prevent the wire from kinking upon
reaching bottom, a three-fathom (18-foot)
line of hemp rope was used for attaching
the sounding weight to the wire. The weight
was a 65-pound cast iron shot which was
fastened to a detaching rod in such a
fashion that upon striking bottom the weight
was detached. The weight had to be de-
tached; otherwise the wire was difficult to
haul back.

While the sounding was being made, the
ship had to be kept headed into the sea,
with the wind a little on the port bow, and
very careful maneuvering was required to
k.Eep the sounding wire in a vertical posi-
tion. This was especially difficult when the
Subsurface currents were different from
those on the surface.

Deep sea sounding today is markedly
different from the methods and equipment
used by Ross, Sigsbee and Lukens. The wire
Sounding machine has given way to echo
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sounding, an outgrowth of the experimental
work begun in 1912 for detecting icebergs
and of the submarine detecting devices
used during World War 1. The Coast and
Geodetic Survey, predecessor of NOAA’s
National Ocean Survey, was instrumental
in the development of the echo sounder
for deep sea sounding and hydrographic
surveying.

Echo sounding is essentially a method for
determining the depth of water under a
survey vessel by measuring the time re-
quired for a sound wave emitted from the
vessel’s hull to reach the bottom and return
as an echo. We are all familiar with echoes
in air and realize that they are caused by
reflections of sound from some distant
object. If the time is measured between the
production of a sound and the reception
of its echo, the distance may be determined
by multiplying one-half the time interval
by the velocity of sound in air. The velocity
of sound in the air is 185,795 miles per
second.

The same principles are applied in meas-
uring water depths by echo sounding. A
sound is produced at the survey vessel. It
travels to the bottom, from which it is
reflected back to the vessel as an echo.
From the elapsed time and a knowledge of
the velocity of sound in sea water, the
depth can be computed. The velocity of
sound in sea water is approximately 4800
feet per second. Corrections for variances
in temperature and salinity are applied to
the measured depth to obtain true depth.

Echo sounding equipment is designed to
produce the sound, receive the echo, meas-
ure the intervening time interval, convert
the time interval into depth and register
these depths on continuously fed paper and
into a computer, producing a continuous

profile of the bottom under the ship and-
a paper or magnetic tape for automated
processing by shore facilities.

Our knowledge of the ocean floor has
been greatly augmented by the advent of
echo sounding. The measurement of great
depths, which formerly required an hour
or more, can now be obtained in seconds,
thus making it possible to take thousands
of soundings in areas where formerly only
a few scattered ones were economically
feasible. (The echo sounder has also revolu-
tionized hydrographic surveying along the
coast. The continuous profile eliminates the
possibility of missing a pinnacle rock be-
tween individual soundings. When survey
parties used a leadline before the develop-
ment of the echo sounder, a party could
average some 600 individual soundings a
day. With the echo sounder, a continuous
profile over a vessel’s route equal to the
vessel’s speed multiplied by the hours of
survey is obtained. This could amount to
hundreds of thousands of readings in a
day.)

Thanks to the echo sounder, the mysteries
of the sea bottom are becoming better
known. Just as we know now that the sea
is not bottomless, so do we also know that
the bottom is not all flat, as had been
previously believed. It has turned out to be
a fascinating realm filled with giant moun-
tains, ranges and plateaus, with great
canyons which exceed in magnitude those
on dry land, and with giant fractures in the
floor.

Some day, as a result of the development
of the echo sounder, the bottom of the sea
will be entirely mapped, but the ocean is
so vast that it will be a long time before the
task is completed. In the doing, many new
mysteries of the sea will come to light. [0
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When Mother Nature runs wild, and you're isolated in your home, be ready with a

DISASTER DIET KIT

BY JOAN VANDIVER FRISCH

Every year, natural disasters of one kind or
another visit the United States in spectacu-
lar fashion. They come from many sources—
from winter storms, hurricanes, earthquakes,
floods.

When they are over, we count our losses in
terms of the dead, the injured, of property
demolished, and opportunity lost. Diverse as
these disasters are, all share one bond: iso-
lation. When Nature runs wild on the grand
scale, the odds are heavy that thousands of
persons will find themselves temporary
prisoners in their homes—without heat, with-
out refrigeration, without communication,
without transportation, often for days on end.

After the storm has passed—and when the
lights and heat have gone—how will you eat?

One way to be prepared is to have a dis-
aster diet kit in your larder, using quick-to-
prepare foods requiring neither refrigeration
nor cooking. This isn't to say your Disaster
Diet will rank as a memorable gastronomic
experience, But the Disaster Diet Kit will see
you through for several days, and you will be
well nourished.

As the name implies, kits should be as-
sembled from a variety of foods which are
non-perishable—canned, dehydrated or freeze-
dried. Most of the following lists of suggested
food items are readily available in your super-
market; sporting goods stores carry an even
~ more complete line of freeze-dried and de-
hydrated foods. In assembling the kit, bear in
mind that all canned foods can be stored for
up to one year without danger of contamina-
tion a {mm-&hdmd dehydrated ttems, if

kept dry, indefinitely—and, above all, re-
member that since you won't have power, you
must have a manually operated can-opener.

And before we delve further into the spe-
cifics, remember you'll be needing such things
as paper plates, cups, napkins and towels, a
one-quart container, large mixing spoon, sharp
knife, plastic or wooden eating utensils, soap,
dishcloths, flashlight, matches in watertight
metal container, all stored in a plastic dish-
pan—and candles.

Most of the canned food items listed are
available in the common one-pound-size can.
Although many can labels consider one-half
cup portion as one serving, homemakers can
better judge the number of servings per can
by their family’s appetities. A few of the items
are available in individual, serving-size, snap-
top cans, such as canned pudding desserts,
bean dip, and beverages, making them more
convenient but less economical. A few com-
panies package these dessert items in family-
size cans as well.

To plan nutritionally balanced meals from
non-perishable food items, keep in mind the
Basic Four Food Groups—suggested by the
Council on Foods and Nutrition of the Ameri-
can Medical Association—which include
daily:

MILK GROUP—2 or more glasses—Adults

3 or more glasses—Children
4 or more glasses—Teenagers

MEAT GROUP—2 or more servings for all
ages—should give at least as
much protein as 4 ounces
cooked lean meat. About
equal amounts of protein

come from:

1 ounce cooked lean meat,
poultry, or fish or 2 table-
spoons peanut butter (1
ounce) or ¥ cup cooked dried
beans or peas.

VEGETABLES AND FRUITS GROUP—4 or
more servings for all ages—
should include dark green or
yellow vegetables; deep yel-
low fruits, citrus fruits or
tomatoes to equal ¥2 cup per
serving.

BREAD AND CEREALS GROUP—4 or more
servings for all ages—should
include enriched or whole
grain breads, cereals, or
pasta to equal 1 slice bread
or Y2 to 34 cup cereal or pasta
per serving.

While choices of food items to satisfy
these nutritional requirements will be limited
to those that require no cooking or heating,
supermarkets carry an infinite variety of ready-
to-serve foods and foods requiring only the
addition of water or milk.

In addition, stock at least five gallons of
drinking water for your family—enough for
reconstituting at least 4 quarts of dry milk per
day as well as for other purposes—for at least
a week.

Economy is the other major consideration
in choosing foods for Disaster Diet Kits. The
following food lists will include most available
non-perishable food items with suggested
menus for under $5 a day for a family of four
persons.




Sample Menus

Each Disaster Diet Menu should
include the following to be nu-
tritionally well balanced:

BREAKFAST

Citrus or vitamin C-enriched fruit
or juice

Dry cereal with milk

Canned sliced meat (optional)
Milk

LUNCH AND DINNER

Main protein dish

Green or yellow vegetable or fruit
Enriched toast, crackers, or cook-
ies

Fruit and/or fruit desserts

Milk

* BREAKFAST—$1.53

Vitamin C-enriched pineapple
juice—29¢/46-ounce can
Toasted oat cereal—33¢/7-ounce
box (1 cup each)

Sliced corned beef—73¢/12-
ounce tin

Milk—18¢/quart

LUNCH—$1.33

Sardines in tomato sauce—40¢/
1-pound can

Enriched saltine crackers—19¢/
1 pound box
Zucchini—32¢/1-pound can
Lemon instant pudding made with
2 cups milk—24¢
Milk—18¢/quart

DINNER—$1.77

Beef stew—96¢/1 pound 13
ounce can

Green string beans—16¢/1 pound
can

Sliced peaches—34¢/1 pound 13
ounce can

Enriched banana cream cookies—
13¢/8 cookies

Milk—18¢/quart

DAY'S TOTAL COST—$4.63
Basic Four Food Requirement
Totals

Milk—3Y2 servings

Meat—3 servings

Breads and Cereals—4 servings
Fruits and Vegetables—4 servings

BREAKFAST—$1.50

Tomato juice—35¢/46-ounce can
Shredded wheat with milk—32¢/
12 biscuits

Sliced pork loaf—65¢/12-ounce
tin

Milk—18¢/1-quart envelope
(whole dry milk)

LUNCH—$1.54

Macaroni and cheese—42¢/two
l-pound cans with tuna—33¢/
6%-ounce can

Mixed vegetables—24¢/1-pound
can

Strawberry instant pudding—12¢/
Package plus 2 cups milk—12¢/
6-ounce evaporated can diluted

* Prices as of early April 1973.

Enriched vanilla cream cookies—
13¢/9 cookies
Milk—18¢/quart

DINNER—$1.89

Chicken and dumplings—99¢/3-
pound can

Poke salad greens—22¢/1-pound
can

With vinegar—5¢

Raisin pie filling—45¢/1-pound
can

Milk—18¢/quart

DAY’'S TOTAL COST—$4.93
Basic Four Food Requirement
Totals

Milk—3Y2 servings

Meat—3 servings

Breads and Cereals—4 servings
Fruits and Vegetables—4 servings

BREAKFAST—$1.27
Grapefruit sections—31¢/
1-pound can

=3

Natural disaster need not bring a
culinary catastrophe along with
it. Careful advance shopping, as

above, can insure your family
abundance of

~ia, '-\‘C""" t!} P,
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interesting meals.

Corn flakes—20¢/8-ounce box
Sliced meat loaf—58¢/12-ounce
tin

Milk—18¢/quart

LUNCH—$1.57

Refried beans—42¢/1-pound can
12 table-ready taco shells—49¢/
4-ounce box

Turnip greens—16¢/1-pound can
Pineapple-cream pudding includ-
ing 2 cups milk—24¢

8 graham crackers—8¢
Milk—18¢/quart

DINNER—$2.14

Shrimp chow mein—%$1.07/one
12-ounce can
Chow mein
ounce can
Green peas—17¢/1-pound can
Mandarin oranges—37¢/1-pound
can

Milk—18¢/quart

noodles—35¢/5Y2-

—

The well-kept disaster diet larder
uses foods not requiring cooking
or refrigeration. Remember paper,
plastic dishes and u‘ensils, and such
items as manual can opener.

DAY'S TOTAL COST—$4.98
Basic Four Food Requirement
Totals

Milk—3Y2 servings

Meat or dried beans—3 servings
Breads and Cereals—4 servings
Fruits and Vegetables—4 servings

Shopping List For 3 Days’

Menus

[ Package of 12-1 quart whole
dry milk envelopes—$2.17 (or
2 packages of 10-1 quart non-
fat dry milk envelopes—$1.64
per package)

]2 pound package of assorted
cream-filled cookies—49¢

[0 1 pound package of enriched
saltine crackers—43¢

01 pound package of graham
(whole wheat) crackers—45¢

Making the best of a bad situation
is easier when there is variety on
the dinner table where food cannot
be cooked or chilled. This repast
lacks style, but is good nutrition.
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ENRICHED CEREALS—any three

of the following:

O 1 package of shredded wheat
biscuits—32¢/12 biscuits

37 ounce box of toasted oat
cereal—33¢

{0 8 ounce box of corn flakes—
20¢

O 6 ounce bag of puffed wheat—
20¢

08 ounce box of crisp rice
cereal—32¢

VEGETABLES—any six of the fol-

lowing:

[J Green string beans—16¢/
1 pound can

O Turnip greens—16¢/1 pound
can

O Mixed vegetables—24¢/
1 pound can

1 Okra with tomatoes—33¢/
1 pound can

0O Zucchini—32¢/1 pound can

O Sliced carrots—32¢/1 pound
can

O Black-eyed peas—17¢/1 pound
can

[] Tomatoes-—23¢

[ Green peas—17¢

O Poke salad greens—22¢

FRUITS—any three of the follow-
ing:
O Grapefruit sections—31¢/
1 pound can
[ Mandarin oranges—37¢/
1 pound can
O Peaches—34¢/1 pound 13
ounce can
O Apricots—34¢/1 pound can

FRUIT JUICES—any three of the

following:

O Vitamin C enriched frut juices
—29¢/46 ounce can

{J Tomato juice—35¢/46 ounce
can

MAIN DISH ITEMS—any nine of

the following:

[ Beef stew—96¢/2% pound can

[J Macaroni and cheese—42¢/1
pound can

O Chicken and dumplings—99¢/
3 pound can

O Chili with beans—89¢/2%2
pound can

] Spaghetti in tomato sauce with
cheese—36¢/two 1 pound cans

[J Sardines—40¢/1 pound can (in
tomato sauce)

3 Corned beef hash—73¢/
1 pound 9 ounce can

O Shrimp, pork or chicken chow
mein—$1.07/1 pound 12
ounce can with chow mein
noodles-—35¢/ 5% ounce can

J Tuna—33¢/6%2 ounce can

] Salmon-—82¢/1 pound can

O Corn beef—73¢/12 ounce can

O Refried beans—42¢/1 pound
can
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O Pork luncheon meat—65¢/12
ounce can

O Canned meat loaf—58¢/12
ounce can

[J Chunky clam chowder—57¢/19
ounce can

[ Beef ravioli—81¢/2% pound
can

3 Codfish cakes—33¢/10%2
ounce can

PUDDINGS AND FRUIT DES-

SERTS—any six of the following:

[ Instant pudding—12¢/package
in these flavors: lemon, coco-
nut, banana, chocolate, butter-
scotch, strawberry, or pineapple
cream

O Pie filling—45¢/1 pound can
in these flavors: apple, cherry,
raisin, lemon

MISCELLANEOUS ITEMS—

(optional)

[ Catsup—34¢/14 ounce bottle

O Vinegar—17¢/pint bottle

O Salt—11¢/box

[ Peanut butter—88¢/1 pound
12 ounce jar

[J Instant breakfast—-48¢/
6 packages

O Instant chocolate drink powder
—-39¢/1 pound can

Non-Perishable Canned

Foods

MAIN DISH ITEMS

[1 Beef Stroganoff

[ Salisbury Steak in Mushroom
Gravy

O Ham Loaf

[ Stuffed Cabbage Rolls

O Beef Chili With Beans

O Corned Beef Hash

{J Pork Luncheon Meat

[J Beef Chow Mein

[ Chicken Chow Mein

O Shrimp Chow Mein

[0 Chow Mein Noodles

(J Beef Taco Filling

1 Refried Beans

O Oyster Stew

0O Clam Chowder

O Split Pea Soup

J Chopped Beef

[ Sliced Fried Beef

(] Beef Tamales in Sauce

[ Lasagna

O Spaghetti and Meat Balls

[ Beef Ravioli

[] Beef Stew

[ Chicken and Dumplings

[J Danish Ham

O Clams

[J Crab

[0 Codfish Cakes

O Tuna

O Shrimp

[ Sardines

O Salmon

J Lobster

O Oysters

[ Vienna Sausages

[ Deviled Ham

O Corned Beef Spread

[ Liverwurst Spread

[ Boned Chicken

O Boned Turkey

3 Chicken a la King

O Chicken Stew

[J Chopped Ham

{7 Creamed Chipped Beef
[0 Macaroni and Cheese
[ Corned Beef

O Pork and Beans

[ Black-eyed Peas

(] Lobster Bisque with Sherry
[J Crab Soup

O Cream of Shrimp Soup
O Gazpacho Soup

[ Bits of Bacon

[ Soups, all varieties

[ Imitation Sour Cream
O Evaporated Milk

[ Low Fat Evaporated Milk
[0 Spanish Peanuts

VEGETABLES AND FRUITS
O Sweet Cucumber Chips

3 Olives

O Pickled Vegetable Mixture
[] Tossed Vegetable Mixture
[ Tropical Fruit Salad

[0 German Potato Salad

[ Bean Salad

[J Macaroni Salad

1 American Potato Salad

] Tomato Wedges

O Pear-shaped Tomatoes

O Artichoke Hearts

O Antipasto Mixture

O Beans, all types

O Corn

O Carrots

[ Hominy

[ Sweet Potatoes, Yams

[ Turnip Greens

[ Mixed Vegetables

O Okra With Tomatoes

O Zucchini

] Poke Salad Greens

[ Fruit Juices

O Peaches

[ Apricots

[J Mandarin Oranges

[ Pears

[ Applesauce

[ Gooseberries

[JFigs

[J Raspberries

[ Blueberries

[ Spiced Pears

g Plums

[] Prunes

] Grapefruit Sections

[ Applesauce With Blueberries
[J Applesauce With Raspberries
[J Applesauce With Pineapple
[ Blackberries

DESSERTS

O Fruit Cocktail

[J Cherry Pie Filling

O Lemon Pie Filling

[J French Apple Pie Filling
[J Strawberry Pie Filling

[ Peach Pie Filling

O Blueberry Pie Filling
1 Blackberry Pie Filling.
O Mandarin Orange Dessert
O Vanilla Pudding

[0 Banana Pudding

O Chocolate Pudding
O Rice Pudding

[ Tapioca Pudding

O Peach Pudding

[ Pineapple Pudding

O Apricot Pudding

{J Lemon Pudding

] Butterscotch Pudding
[ Orange Nut Bread

[ Chocolate Bread

[J Spice Bread

[ Fruit and Nut Bread
[ Date and Nut Bread
[0 Boston Brown Bread

Dehydrated Foods
Requiring Only the
Addition of Water or
Some Form of
Reconstituted Milk But
No Heating

[ Whole Dry Milk Powder

O Nonfat Dry Milk Powder

O Instant Lemon Pudding

] Instant Coconut Pudding

[ Instant Strawberry Pudding

O Instant Butterscotch Pudding

O Instant Vanilla Pudding

O Instant Pineapple Cream
Pudding

O Instant Chocolate Drink Powder

(] Strawberry Instant Breakfast

O Vanilia Instant Breakfast

[J Chocolate Instant Breakfast

O Eggnog Instant Breakfast

Ready-To-Eat Foods

O Dry Cereals

O Enriched saltine crackers

3 Graham (enriched whole wheat)
Crackers

[0 Packaged Taco Shells

{dJ Meiba Toast

O Zwiebach toast

[ Graham cracker pie crusts

3 Corn chips

O Whole wheat or enriched snack
crackers

] Cookies made from enriched
flours

[] Bottled hot sauce

[ Worcestershire Sauce

O Catsup

O Mustard

[ Sugar, honey

O Salt, pepper

[ Preserves

[J Bottled, sealed salad dressings

[ Peanut Butter

{3 Oyster Crackers

[ Bread Sticks

[ Sealed tartar sauce

3 Vinegar

O Raisins

(] Dried prunes, apricots, peaches



Scientists and fishermen,working together,

Build A Better

Fish Trap

Build a better mouse trap?

National Marine Fisheries Service scien-
tists have gone the adage one better, and
built a better fish trap—and fishermen have
already started to beat a path to their door.

The trap in question is designed to catch
sablefish, a delicious denizen of Pacific
waters used primarily for smoked fish. The
trap is part of a system that has evolved

* Herbert H. Shippen is a fisheries biologist
at the NMFS Northwest Fisheries Center,
Seattle.

Collapsible steel mesh trap, developed by
NMFS scientists and gear specialists working
closely with commercial fishermen, is used by
sablefishermen in the North Pacific.

over a span of five years through coopera-
tion between commercial fishermen and a
team of scientists and gear specialists at
NMFS’s Northwest Fisheries Center under
the direction of Dr. Dayton L. Alverson.
Both groups have contributed ideas that
have been tested under experimental and
commercial fishing conditions. The system
consists of up to a dozen baited traps set out
like beads on a half mile long string across
the ocean floor; several such strings are
fished by each boat,

After one to several days, the traps are
retrieved, the catch harvested, and the traps
reset or moved to a new location.

BY HERBERT H. SHIPPEN *
AND JOHN A. GUINAN

Dr. Alverson points cut that traps have
several advantages over traditional methods
of catching sablefish, “Trap-caught fish are
alive and usually in excellent condition when
brought aboard ihe fishing vessel,” he says.
“Moreover, traps go right on working while
the fishing vessel is otherwise engaged or is
waiting out stormy weather. The trap itself
protects the captured sablefish from preda-
tors which often attack fish hooked on tradi-
tional gear, and the size of openings in trap
meshes can be used as a conservation device
to allow undersized fish to escape.”

Unlike catches by other gear, where a
variety of species may be captured, sable-



fish dominate trap catches and their separa-
tion requires little effort. No one is sure
why sablefish are less wary of traps than
are other species, but sablefishermen are
happy to know it. Halibut, turbot (arrow-
tooth flounder), rockfish, Pacific cod, and
lingcod have been taken in traps, but never
in sufficient quantity to make a commercial
fishery by trap appear feasible.

Traps do have certain disadvantages—in
particular, they are relatively expensive and
vulnerable to loss and damage. Lost traps
might continue to capture fish for months
or even Yyears before disintegrating, but
conservation-minded NMFS scientists have
reduced this hazard by placing panels of
cotton mesh in the traps. Cotton deteriorates
rapidly in salt water, and fish captured by
a lost trap can soon escape.

The use of portable traps for catching
fish is not new. but on the west coast of
North America they have been used tradi-
tionally only for invertebrates such as crabs
and shrimp—even though crab fishermen
were well aware that fish are frequently
captured. However, a Seattle setline fisher-
man and scallop dragger, Sig Jaeger, was
a strong believer that traps might be an
effective means of fishing, and he urged that
the idea be tested.

The first try was in the summer of 1968,
when the Seattle fisheries center chartered
the University of Washington’s research
vessel ComMMaNDO for a trial capture of
halibut using modified king crab traps.
Disappointinglv few halibut were taken and
their quality was poor because of injuries
suffered in the trap.

In the fall a new try was made by the
Federal fisheries research vessel JoHN N.
CoBB, again using modified king crab pots.
Fishing offshore a'ong the Washington
coast, the cruise had moderate success in
capturing sablefish, proving the effective-
ness of traps in catching this species. Most
important, the condition of the fish was
excellent. Additionally, the traps were selec-
tive against spiny dogfish, a nuisance species
that makes life difficult for fishermen using
traditional gear. Traditionally, sablefish are
taken by use of a large number of baited
hooks fished on the bottom. When dogfish
take the bait, the fisherman loses money.

Having established that sablefish could
be captured by trap, the next step was to
improve the system to make it economically
competitive. To help accomplish this, the
BARON, a 96-foot commercial dragger, was
chartered during the summer of 1969. The
BaroN fished 17 modified king crab pots
using chopped frozen herring for bait. A
number of innovations were tested during
this cruise, inciuding the regulation of fish-
ing time to maximize the catch, an exami-
nation of the effectiveness of triggers (one-
way opening devices) in entrance tunnels,
and lights inside the trap.

To simulate a commercial fishing trip,
Dr. Alverson’s group chartered the MV
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SEATTLE under the command of Captain
Jaeger for a 12-day period during the fall
of 1969. The SEATTLE was fitted with gear
for handling traps and equipped with 23
modified king crab pots with triggers in
the tunnel entrances. The results of the
charter period so impressed Captain Jaeger
that he offered to continue the experimental
fishery to give Federal personnel an oppor-
tunity to test new methods and ideas
continuously.

During the year that Captain Jaeger con-
ducted his fishery, many different trap sizes
and tunnel configurations were tested.
Although the economic success of the ven-
ture was dampened by unusually severe
winter weather and a high rate of trap
loss, two fundamental discoveries were
made. Captain Jaeger was himself largely
responsible for both ideas.

The first idea stemmed from the fact
that each of the bulky modified king crab
pots was fished from a single buoy line and
each unit of gear cost more than $500.
Captain Jaeger proved that such a system
was unsuitable for a successful commercial
venture. Needed was a system of fishing
that would drastically reduce the cost per
trap and reduce trap losses. The second
major idea was the need for a collapsible
trap to replace the rigid traps then in use,
and enable a vessel to carry many more
units of gear to the fishing grounds.

Development of lightweight, inexpensive
traps to be fished in multiples began during
the spring of 1970. The initial traps used
in this phase were cylindrical, noncollapsi-
ble, with a tunnel entrance in either or both
ends. They proved to be unusually suscepti-
ble to damage, however, and it became
increasingly apparent that success of the
system would depend not only on a collapsi-
ble trap but on its ruggedness as well.

The first collapsible sablefish traps, based
on a model suggested by Captain Jaeger,
were developed in a joint effort between che
Northwest Fisheries Center and a local wire
works. The model currently used by NMFS
is eight feet long by 34 inches square. The
steel mesh of the panels is two inches
square, a size that permits small fish to
escape. Each trap will collapse flat for
storage aboard the vessel, but all parts
remain connected so that two fishermen
can put the trap into working shape in less
than a minute. The tunnels are of light
synthetic webbing stretched into shape by
rubber bands.

In California, 14 vessels already are
using the new technology; two vessels in
Oregon, three in British Columbia, and
four in Alaska have been adapted. At least
10 more boats in Oregon, Washington, and
Alaska are preparing to enter this fishery.
Fishery scientists, too, are taking advantage
of this system which provides fish in ex-
cellent condition, uninjured by hook or
net.

Sablefish are streamlined creatures rang-

ing up to about 40 inches long and 40
pounds weight. Their dark color is responsi-
ble for some of their common names such
as blackcod and coalfish. They spawn in
late winter and early spring in deep waters
(200400 fathoms) off the Pacific coast of
North America. A female may spawn up
to a million eggs each year depending on
her size.

The species ranges from southern Cali-
fornia to the Gulf of Alaska, Bering Sea,
and westward to the shores of Siberia.
Sablefish are taken in large numbers by
Japan and the U.S.S.R. in the Bering Sea
and Gulf of Alaska. Larvae have usually
been captured on the surface several score
miles from shore, but juvenile sablefish
frequent shallow bays and inlets close to
shore. As adults they move offshore into
deeper water. Biologists have released
several thousand tagged sablefish to investi-
gate little known aspects of migratory be-
havior of the species.

Sablefish have been only modestly impor-
tant to the U.S. fishing industry except
during certain periods such as World Wars
I and II when demand was strong because
of shortages of other species, and food was
needed for export. Large quantities of
sablefish were salted during these times.
During World War 1I U.S. landings reached
8,000 metric tons annually but in recent
years have declined to between 2,000 and
3,000 metric tons. Catches between 6.000
and 8,000 metric tons by Japan in the North
Pacific and Bering Sea during 1968-70
demonstrate, however, that sablefish is a
species upon which U.S. fishermen might
well expand his efforts. At this time, market-
ing and public acceptance are problems to
be overcome. U.S. imports of sablefish from
Japan came primarily to the west coast in
1972 when about 550 metric tons were
imported. Small quantities are also imported
from British Columbia.

Rather oily, sablefish is especially attrac-
tive for smoking, and much of the present
harvest is dressed, frozen, and held for that
purpose. In the past large quantities of
sablefish were salted and much of it ex-
ported as a substitute for salted salmon,
but demand for the salted product has
declined in recent years, however, Some
years ago sablefish livers were frequently
in demand because of their rich vitamin A
content, but with synthetic production of
Vitamin A, the demand no longer exists.

Complete details on the collapsible fish-
trap system for sablefish are being prepared
for publication. The system, developed co-
operatively by scientists and fishermen, holds
promise of rich rewards for both. For the
scientist there is satisfaction of new dis-
coveries that will aid in the conservation
and rational utilization of the species, and
for the fishermen, the prospective harvest
of a resource that in the past has been
relatively undeveloped by the U.S. fishing
industry. (m]



National Marine Fisheries Service fishery biol-
ogist examines sablefish caught by one of the
collapsible steel mesh traps used in the fishery;
below, the object of this attention.

Nnoaa JuLy 1973

Sig Jaeger, Director of Fisheries Technology
at Kodiak Community College (above right)
and long-time commercial fisherman, worked
with NMES technicians to develop new trap.

Earlier model of sablefish trap, shown with a
nice catch, was cylindrical, proved to be attrac-
tive to fish but too fragile for the prolonged
usage of the Pacific fishery.
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A common view of outer space is the one
popularized by science fiction writers: a
vast, black emptiness only occasionally
punctuated with stars and planets, the stars
at almost inconceivable distances from each
other. In earthly terms, this conception is
not altogether wrong; the emptiness of outer
space seems its outstanding characteristic;
the very best vacuums attainable on earth
with the most sophisticated machines are
still dense gases by contrast with the near
material void of the space between the
stars.

Still, outer space is far from empty, and
scientists are beginning to learn how it is
populated by tenuous but highly dynamic
fluxes of particles—molecular, atomic, and
subatomic. These particles are accompanied
by electromagnetic fields that strongly in-
fluence both the behavior of the particles
with which they are associated and other
particles they may meet on their endless
journeys among the stars and galaxies.

During the past two years, there have
been reports of observations from a satellite
called “Ogo 5” which indicate the presence
of a thin atomic hydrogen gas in inter-
planetary space; the observations tend to
support the view that the tenuous hydrogen

BY RICHARD GILLULY
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Shock zone
In outer
space

comes from an interstellar gas streaming
through the solar system.

Another United States spacecraft, Pioneer
10, headed for Jupiter, has detected some
indications of a higher temperature than
scientists had expected in the “solar wind,”
the stream of electrically charged particles
always pouring in all directions from the
sun. This heating of supersonic solar wind
protons (positively charged particles)
occurs beyond about three Astronomical
Units (One AU is the distance between
sun and earth, about 92.9 million miles)
from the sun.

Dr. Thomas Holzer, a physicist with the
Aeronomy Laboratory of NOAA's Boulder,
Colo.-based Environmental Research Labor-
atories, believes the heating may result
from the interaction of the solar wind with
hydrogen atoms in the interstellar gas.

Holzer has constructed a mathematical
model of the solar wind interaction with
the neutral component of the interstellar
medium which indicates that the solar wind
heating at three AU is a process quite dis-
tinct from a far more violent interaction
around the fringes of the solar system,
which is associated with the ionized compo-
nent of the interstellar medium.

Holzer’s model indicates that a significant
fraction of the interstellar hydrogen fails to
penetrate to the orbit of the earth—pri-
marily because of its interaction with the
solar wind. On the other hand, the ionized
component of the interstellar gas, a mate-
rial called “thermal plasma” (which is

electrically charged like the solar wind),
probably does not even penetrate into the
solar system, but is stopped somewhere
beyond the orbit of Pluto (40AU), accord-
ing to a model developed by E. N. Parker of
the University of Chicago several years ago.

Thus, there are probably two zones in the
solar system where interaction with the
interstellar medium occurs. The supersonic
solar wind is slowed and heated by the
interstellar hydrogen, but it remains super-
sonic. Then it encounters the thermal
plasma and undergoes an interaction that
likely involves a shock. Through this shock,
the speed of the solar wind is drastically
slowed and its temperature is increased,
but at the same time the thermal plasma
is kept from penetrating deeply into the
solar system.

Involved in the interactions, says Holzer,
are several different processes, some of
which depend on the nature of the emission
from the sun of the solar wind. “Most of
these processes,” says Holzer, “are easily
understood, and the complicated mathe-
matics of my model is mainly a kind of
bookkeeping used to keep track of them.”

But some of the analogies involved in
an explanation require a departure from



Artist's conception of recent models of inter-
action between the solar wind and interstellar
medium shows first interaction occurring at
perhaps 100 Astronomic Units (AU) from the
sun. This zone is followed by a region of tran-
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sition in which a slowed (subsonic) solar wind
interacts and blends with the thermal plasma,
the ionized (electrically charged) component of
the interstellar medium. The inner boundary of
the transition zone is marked by a shock wave
created by the first sharp encounter of the
supersonic solar wind and the thermal plasma.
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The uncharged component of the interstellar
medium—atomic hydrogen—penetrates farther
into the solar system, to about 3 AU, where
deep-space probes like Pioneer 10 have reported
heating of solar wind protons.
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NASA’s Pioneer 10, launched in early 1972, is
on its way to Jupiter (artist’s conception). When
Pioneer 10 was about three astronomical units
from the sun last year, higher-than-expected

proton temperatures were detected.
NASA Photo

The Great Galaxy in Andromeda. The inter-
stellar medium originates in deep outer space,
though its source is not precisely defined. Dr.
Thomas Holzer has constructed mathematical
model of likely interaction of solar wind with
the neutral component of the interstellar
medium.



earthbound thinking. The solar “wind,” for
example, is not like the wind in the earth’s
atmosphere. The density of the solar wind
at the earth’s orbit (as measured by satel-
lites) is about five particles per cubic centi-
meter (a centimeter is a little more than
a third of an inch). This, as earlier sug-
gested, is a density lower than the best
vacuum attainable on earth.

More startling is the speed of the wind:
400 kilometers per second, or about 880,000
miles per hour. At this very high speed, the
solar wind is moving supersonically, just
as is a supersonic jet aircraft when moving
at much lower speeds in the earth’s atmos-
phere. The threshold of supersonic speed
in the atmosphere is the speed beyond
which there can be no audio communica-
tion to the rear of the object moving at that
speed. Likewise with the solar plasma; it is
moving so fast that there can be no
“communication” from a particle to another
particle behind it. This explains, in part,
the “shock” process that occurs when the
solar wind strikes the interstellar thermal
plasma.

The solar wind is made up of several
kinds of particles, but the most important
ones are protons and electrons. These are
produced from hydrogen atoms when the
intense thermal energy of the sun’s atmos-
phere sends particles (mainly free electrons)
crashing into the atoms and knocking free
their electrons.

Since each hydrogen atom is made up of
a single electron and a single proton, the
result of the collisions is a mixture of the
electrically charged protons and electrons.
Once again because of the intense heat of
the sun’s outer atmosphere, tremendous
energy of flow is imparted to the particles—
enough so that they are able to flow at
supersonic speed away from the pull of the
sun’s gravity and into space. And because
the particles are electrically charged, a
magnetic field accompanies them, in effect
an extension of the sun’s magnetic field.
Thus the particles flowing radially out from
the sun are termed a “magnetized plasma.”

The interstellar medium is probably made
up of several components, all of which have
a role in the interactions:

—The thin, electrically neutral hydrogen
gas at an estimated density of one particle
to ten cubic centimeters (plus lesser
amounts of other neutral gases such as
helium and oxygen);

—The thermal plasma, which is quite
similar to the solar wind in that it is made
up primarily of electrons and protons, and
which, like the neutral hydrogen, has a
density of about one particle to ten cubic
centimeters;

—~Cosmic rays, which are extremely high
energy, but low density, protons, electrons
and other particles, and which though far
thinner than the other components, con-
tribute about half the total energy content
of the interstellar medium;
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—And a magnetic field associated with
the charged particles.

Holzer’s model, plus earlier work, indi-
cate that the following processes occur as
the solar wind interacts with the interstellar
medium;

—The sun’s gravity attracts the stream-
ing interstellar hydrogen atoms. But at the
same time, the photons (light waves or
light “particles”) which constantly stream
from the sun tend to repel the atoms—
because light, too, is a kind of wind which
can exert a force. The net outcome is not
precisely known yet, but it appears that
the two forces may nearly cancel each
other out.

—Some of the neutral hydrogen becomes
charged through two processes. First, pho-
tons striking the hydrogen atoms knock
electrons away from the atoms in a process
called “photoionization,” and secuud, 42
solar wind protons become hydrogen atoms
and the interstellar hydrogen atoms be-
come protons through a simple exchange of
an electron.

—As the neutral hydrogen becomes
charged and becomes associated with the
solar magnetic field, some of the energy of
flow of the solar wind is converted to
random motion, which is the same as heat.
At the same time, and for the same reason,
the velocity of the solar wind is diminished,
although its speed remains supersonic. The
charging of the neutral hydrogen and con-
comitant association with the sun’s magnetic
field causes it to act, in effect, as a rela-
tively gentle and penetrable tarrier to the
solar wind.

—When the still supersonc solar wind
strikes the less penetrable th:rmal plasma,
the tendency for separate magnetic fields
and associated particles not to intermingle
is so strong that a shock eveat occurs. The
supersonic wind is slowed by a factor of
about four, to subsonic speed, and heat is
once again generated.

“In both processes,” says Holzer, “the
conversion of flow energy to thermal energy
is somewhat similar to the couvemion of
kinetic energy to heat through friction
when you rub two rough objects against
each other.”

There are still a number of unanswered
questions in connection with the inter-
actions, says Holzer. “A prime one is just
where in the solar system the processes
occur, and this, in turn, depends on a pre-
cise estimate of the density of the inter-
stellar materials, which we don’t have yet.”

However, there are some indications.
Thermal plasma density can be averaged
over a long distance by studying the photon
emission (electromagnetic radiation) from
pulsars, cosmic objects which emit photons
(radiation) in discrete pulses over a broad
energy spectrum. An alteration of the pulse
is caused by an interaction of the photons
with the free electrons of the p'asma, and
the density of the plasma can be inferred
from the observed alterations.

Neutral hydrogen can be detected in
somewhat similar fashion. Hydrogen atoms

absorb photons at typical energy levels.
So if a satellite near earth observes a star
(or a pulsar) with a known energy spec-
trum, a characteristic gap occurs in the
spectrum of the cosmic object being ob-
served. The gap represents the photon
energy range where hydrogen absorbs pho-
tons. Once again, the density of the inter-
stellar hydrogen can be inferred from this
change in spectrum.

But the problem with both of these tech-
niques is that only an average density along
the line of sight between the cosmic object
and the observation point can be obtained.
There is some evidence that the plasma and
the hydrogen atoms may, in some cases,
be fairly uniformly distributed in the region
of interstellar space observed along the line
of sight. But it is possible, says Holzer, that
dense clouds of the materials and con-
comitant areas of very low density exist.
If this 1s e cacz, there is no sure way
to know what the density near the solar
system is.

However, the Ogo 5 observations appear
to confirm that the interstellar hydrogen
does exist in interplanetary space perhaps
somewhere near the average density de-
duced from the earlier observations.
Hydrogen atoms will absorb photons from
the sun, then re-emit them—sometimes in
the opposite direction. Ogo 5 instruments
have detected these returning photons in
the form of characteristic “Lyman alpha”
radiation. Another component of the inter-
stellar gas, helium, is theoretically able to
penetrate further into the solar system than
hydrogen. There is some evidence that
helium, possibly from this source, has been
detected near earth, another indication the
interstellar medium may be behaving as
predicted.

But because of the lack of precise in-
formation, Holzer has estimated the loca-
tion of the region of the interaction of the
solar wind with the neutral hydrogen for
several possible interstellar gas densities.
The greater the assumed density, the nearer
the sun the interaction will begin. If the
aemsicy of novtral hydrogen is one particle
per ten cubic centimeters—the average from
the pulsar and star observations and the
amount indicated by the Ogo 5 observations
—then the interaction becomes important
about three AU from the sun. If the density
were three times greater, the interaction
would become important about two AU
from the sun, just beyond the orbit of Mars.

And if the thermal plasma density is as
hypothesized, then the shock zone between
it and the solar wind should occur on the
fringes of the solar system, near the orbit
of Pluto about 40 AU from the sun.

A clearer definition of the interstellar
medium may, Holzer says, provide some
clearer answers for cosmologists, the sci-
entists who study the origins and fate of
the universe. The NOAA scientist is helping
to provide that clearer definition. ]
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One of the special navigation charts prepared
for the International Field Year for the Great
Lakes (at top) by the scissor-wielding staff
cartographers of the Lake Survey Center.
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QUICK SERVICE FOR
LAKE SCIENTISTS

“Scissor'’ cartography pays off on IFYGL project

BY JOSEPH SCHANTA *

Wielding a pair of scissors in pursuit of his
assigned work is not the standard operating
procedure for a cartographer—the required
accuracy generally calls for more orthodox
methods. However, this was the spot that
the Lake Survey Center Reproduction
Branch found itself in not too long ago—
so snip and cut we did. The task: to pre-
pare a series of graphics, maps and charts
of Lake Ontario and the Lake Ontario
drainage basin, for use during the Inter-
national Field Year for the Great Lakes
(IFYGL). The chart series was ultimately
to consist of Chartlets and of a series of
Planning, Plotting and Navigation Charts.
The graphics were needed by scientists
and technicians undertaking hundreds of
research and monitoring projects. For many

* Joseph Schanta is Chief,
Branch, Lake Survey Center.

Reproduction

of the experiments, measurements at closely-
controlled sites were needed over long
periods of time. The vessels and aircraft
used to support the scientists needed to be
able to know accurately where they were,
and to be able to return to the same sta-
tions for repeat observations. Stationary
buoys and towers had to be in exact loca-
tion to comply with scientific requirements.
Positions had to be precise so that vessels
could avoid anchored instrumentation while
ensuring its recovery.

And there wasn’t much time to prepare
the charts, get them printed, and get them
into the hands of the IFYGL users.

To ensure the extremely accurate posi-
tioning required by IFYGL, a Canadian
network system known as Decca Lambda
6F was selected. It is a transportable elec-
tronic positioning system with “master” and
“slave” stations that send out radio signals
from several points around the lake shore.



Good eyesight and a steady hand are qualities Working on a special IFYGL navigation chart,
that this Lake Survey Center negative engraver a negative engraver prepares open window mark
must have as he engraves details on a chart. on peelable coated material for masking lattice. _
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Countless details had to be checked at every
stage of preparation of the IFYGL charts to
ensure accuracy and high quality. At upper
left, a cameraman examines final reproduction

processing a color proof used in controlling
quality prior to the printing. Once on the
presses, the charts are again checked, here by

negative for quality; below, a plateman is

These intersecting hyperbolic patterns form
a lattice of zones and lanes. On the charts,
the lattice is reproduced in green and red
patterns.

With the system installed aboard
RESEARCHER, for example, the ship could
by picking up at least two of the signals
determine her position on the lake with
far more exactness than by using conven-
tional navigational systems.

However, there were no charts of Lake
Ontario with ice IFYGL Decca Lambda
lattice. Meetitg: with ihe Capadian Hydro-
graphic Service (_HS) resulted in agree-
ment on eight pivtiing charts, a reduction
from the originaily-proposed 21 which made
possible considerable manpower and money
savings. Five charts were assigned to the
CHS for prep-ration and printing, three
to LSC.

For special purposes of the field year,
various details were needed on the charts—
details that were not found on any single
set of maps or charts. There are only a few
ways to obtain a map or a chart—buy it,
reproduce it, steal it, or make a new one.
The latter method is the most expensive.
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In view of the short time frame, it was
decided to compile information from exist-
ing charts—CHS charts at a scale of
1:50,000, U.S. Geological Survey charts at
scales of 1:24,000 and 1:62,500, and Lake
Survey Center charts and field sheets at a
scale of 1:80,000.

After placing a call to NOAA requesting
a 1:80,000 scale master grid prepared on
their plotter, the project was under way.
The polyconic projections were computed,
plotted and engraved. The first five-minute
intersections in each corner of the charts
were furnished to CHS. Computer-drawn
red and green overlays, inked on plastic
containing the Decca (6F) lattice system,
were furnished. Negatives were prepared
from the positive lattice overlays.

The next step was to compute and plot
the Universal Transverse Mercator on the
master grid furnished, and key the four
components. To our pleasant surprise there
was complete agreement between the output
of the two computer-driven machines and
data plotted by a human being, all working
independently, many miles apart. The pro-
jection, grid and two negative lattices were

a pressman during the printing stage.

in perfect registration diagonally over a
span of 42 inches.

The next major step was to obtain base
chart detail along the entire Lake Ontario
shoreline. The requirements were to por-
tray only a five-mile band of detail inland
from the shore. This was the material com-
piled from the charts of widely different
scales.

The problem now was to reduce the
positives and lithos photomechanically to a
common scale of 1:80,000, and mosaic the
camera-reduced copy to chart format—and
the green and blue dropped out, with only
the line detail remaining. It worked. And
numerous other technical and highly spe-
cialized operations were carried on to make
the charts both useful and timely. For
example. the shoreline of the lake was up-
dated. Bathymetry (lake bottom contours
in meters) was taken from charts fur-
nished by CHS. A land area tint was
prepared.

Throughout the project, master type cuts
were exchanged with CHS.

LSC was designated to prepare a pilot
sheet for the project in the final stages. The



Completed in time by Lake Survey Center staff
working with Canadian hydrographic personnel,
the special charts proved invaluable 1o IFYGL
specialists such as this scientist and his ocean-
ographer colleague, here plotting data.

pilot sheet would ensure that the user
requirements had been met and specifica-
tions previously agreed upon had been fol-
lowed. The pilot sheet was carefully studied
and reviewed by CHS, LSC and the final
user. All the remaining sheets were pre-
pared according to the modified pilot sheet.

The only remaining phase to be com-
pleted was the preparation of printing plates,
printing and distribution. The printing of
charts and maps is not to be taken lightly
and is a relatively complicated procedure.
As agreed upon, LSC and CHS colors and
paper had to be matched. Therefore, to
come up with a uniform chart, rigid quality
control procedures were exercised and print-
ing schedules were met.

The end result was a series of plotting
charts 36 x 48 inches showing the culture,
drainage, relief, and Polyconic projection
in black. The Decca (6F) lattice system is
shown in red and green in the water area
only, along with the UTM grid system
shown in blue. Since the open water was
not shown, the land area was printed in
green.

The user requirements were such that
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an up-to-date navigation chart would also
be desirable. Two versions were required,
one with the lattice red and green (Decca
6F) shown in the open water only, to be
used for sea navigation; the other version
would contain the red and green lattice
covering the entire chart for possible future
air use. The first thought was to surprint,
but another difficulty arose. While in stor-
age, the printed charts had shrunk a quarter
of an inch, so the Decca positioning lattice
would be out of scale. So, LSC navigation
Chart 2, Lake Ontario, was processed in
the same manner as a new edition chart.
Computer-drawn lattices were furnished by
CHS and utilized in the same manner as in
the preparation of the plotting charts.

The end result was an up-to-date naviga-
tion chart printed in the conventional man-
ner but containing a red and green lattice
system.

Since most of the data and information
obtained during IFYGL would appear in
formal or other types of reports, two con-
venient sheet size chartlets were provided.
One chartlet, with a scale of one inch
representing approximately 40 miles. de-

picted the Lake Ontario basin. The second
chartlet with a scale of one inch to 24 miles
showed only Lake Ontario itself. With only
slight modification of LSC base map data
already on hand, the chartlets were ready
for publication.

A Lake Ontario Planning Chart at the
scale 1:500,000 was also required and this
was quickly adopted from a Lake Ontario
Basin map that had been compiled from
World Aeronautical Charts. It showed all
detail in black within the basin outline,
and had been prepared for another project.

Two versions of the planning chart were
finally printed. The first was printed on
chart paper for plotting operations. The
second version was printed on translucent
bond to permit quick reproductions of
operations planned.

The work was completed on time, and
the results used to aid in the very impor-
tant data collection during the actual Field
Year (1972). Once again, as it has many
times in the past, the excellent cooperation
between Lake Survey and Canadian Hydro-
graphic personnel has been to the advantage
of both countries. O
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GO? NO-GO?

ASK THE WALLOPS WEATHERMAN

Among the some 400 duty stations of the
National Weather Service, a job at the
Space Operations Support unit at Wallops
Station, Virginia, is unique. Here, weather-
men are not only involved in routine
observing and forecasting, but also with
the space-age experiments conducted by
and with the support of the National Aero-
nautics and Space Administration.

NASA’s Wallops Station is primarily a
service facility for experiments to be con-
ducted by scientists from other branches of
Government, universities, and private re-
search laboratories, as well as by NASA
itself. It offers excellent opportunities for
investigations of the atmosphere. Along
with a range for the firing of many kinds
of smaller rockets, Wallops Station has
ultrasensitive, high-powered radars for
tracking rocket payloads and other elusive
targets. Some of these radars are also well-
suited. to detailed study of the structure
and behavior of the atmosphere.

Wallops Station is situated on the eastern
shore of Virginia along the Atlantic coast
of the Delmarva Peninsula 40 miles south-
east of Salisbury, Md. The 6,500-acre sta-
tion consists of three distinct areas: the
main base, where the airfield is located,
Wallops Island, where the rockets are fired,
and Wallops mainland, where some of the
sensitive radars are installed.

Weather Service personnel are located at
the main base in offices on the upper floor
of an aircraft hangar, and in a weather-
observing facility on the Island itself. Work
done at Wallops Station can be explained
in detail because the facility is engaged
exclusively in nonclassified scientific enter-
prises. The meteorological work at Wallops
is partly paid for by the Weather Service,
since the upper air program is part of the
national
NOAA with the major part of the funding
for the work done there.

BY EDWIN P. WEIGEL

National Weather Service plays major role in
NASA's rocket experiments at Wallops Island,

Virginia. Above, a Scout liftoff launching a
barium ion cloud projcct in September, 1971.
NASA Photo

network; but NASA provides

A random sampling of experiments in
which Weather Service personnel have been
involved includes a barium-ion-cloud study
of the earth’s magnetic field 20,000 miles
over the Equator above Central America,
a series of tests aimed at learning erosive
effects of rain on rocket nose cones, eco-
logical photographic missions by high-flying
U-2 aircraft, studies by radar of the
“signature” and behavior under varying
conditions of numerous species of birds,
the effect of thunderstorms on communica-

tions, studies of ozone in the upper atmos-
phere, and tests of the effectiveness of
numerous rockets and radar-reflecting
devices.

A big part of the Weather Service’s job
at Wallops is participation in experiments
involving meteorological sounding rockets.
There are small, solid-fuel rockets which
carry a payload to around 200,000 feet
before releasing it. Payloads may consist of
chaff packages consisting of tens of thou-
sands of strands of copper wire about as
long as your hand—for measuring wind
direction and speed by radar—or rocket-
sondes consisting of small tubular radio
transmitters that send out temperature in-
formation at 1680 or 403 MegaHertz. The
rocketsondes descend by parachutes which
have been metalized to produce strong radar
echoes for determination of wind.

The project scientist for the NASA/
Wallops meteorological-rocket project is
NWS Meteorologist Francis Schmidlin. He
plays a major role in guiding NASA’s
rocketsonde-development efforts, including
comparison of their instruments with simi-
lar equipment of other countries.

Meteorologist George Foster is opera-
tions manager for the three meteorological-
rocket networks in which the Wallops unit
participates. These, he explains, include the
Meteorological Rocket Network (MRN),
in which the Department of Defense and
NASA are involved; the Experimental Inter-
American Meteorological Rocket Network
(EXAMETNET), which involves U.S,,
Argentina, Brazil, Spain, France, Japan and
Australia, and the Western Hemisphere
Meridional Network, in which rockets are
launched along a given meridian to get
high-altitude soundings along a plane
through the earth’s axis. Meteorological-
rocket launchings are scheduled three times
a week, on Mondays, Wednesdays and Fri-
days. Goal of these rocket soundings is to



learn more about weather very high in the
earth’s envelope of air and more about the
interchange of energy between the Northern
and Southern Hemispheres, among other
things.

The Wallops weather unit also is respon-
sible for reduction and evaluation of
meteorological-rocket data. Meteorologist
John Costello is in charge of this work.
“Although our main function is handling
data obtained here at Wallops,” he said,
“we also are responsible for quality control
of rocket data from Argentina, Brazil, and
Spain, our partners in the EXAMETNET.
We forward the data to World Data Center
A in Asheville, N.C. In addition we are
getting data from France’s rocket range in
French Guiana and from Russia. We also
collect data from the network of Depart-
ment of Defense stations at Thule, Green-
land; Fort Churchill, Canada; Cape Ken-
nedy, Fla.; Antigua, British West Indies;
and Fort Sherman in the Panama Canal
Zone. The information collected is compiled
in book form, by month, and made avail-
able to the Federal agencies involved and to
the U.S.S.R. Data from the U.S.S.R. Eastern
Meridional Network is received here at
Wallops and distributed to U.S. agencies.
Other countries becoming involved are
Italy and Mexico. It’s an expanding
program.”

Parameters being processed by Costello’s
team include air pressure, temperature, den-
sity and wind—and the speed of sound—
at high altitudes.

The Wallops weather station is “unique,”
according to Meteorologist in Charge Lloyd
Chamberlain, because “it was the first
Weather Service station that actually fired
its own rockets.” Chamberlain opened the
Weather Service station at Wallops in
March, 1960—13 years ago. At that time
the unit had seven people, including him-
self. Two of these—Joseph Brewton and
Robert Mullin—are still with him. A third,
Harold Boone, is retiring this year. The
unit now has 23 employees, all told.

When the station was opened in 1960,
meteorological rockets launched from
Wallops were all tracked with Weather
Service  GMD (Ground Meteoro'ogical
Detector) equipment, and had 1680 Mega-
Hertz payloads. “So one of the first Weather
Service jobs,” explained Chamberlain, “was
to track rockets fired by NASA, working
right on the pads. This made it easy for
Weather Service personnel to learn how
to prepare and fire rockets—which they
did.” Although NASA now handles firing of
rockets, Weather Service Electronic Tech-
nicians still have a “Go, no go” responsi-
bility for meteorological-rocket payloads.

A regular assignment for forecasters at
Wallops is to provide weather information
for “wind weighting” of all rocket firings.
None of the rockets used at Wallops has a
guidance system once it has lifted off the
pad, except the Scout, said Chamberlain.
“The fins are preset. You need accurate
wind data so that once a rocket is fired you
know how it is going to cock into the wind,
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This is Wallops Island rocket-launching strip,

showing gantry (enclosed at bottom); two
weather station towers for measuring wind
velocity, and near upper left, the weather ob-
serving station. NASA Photo

Muin base of Wallops Station looking northeast
is situated on picturesque Chincoteague Bay.
The actual launching area for rockets is some
miles to southwest, and is located on Wallops
Island. NASA Photo
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This balloon carries cut-down radiosonde and
wind-sensing devices to be released. high in air.

Mylar constant-level balloon, one of the many U-2 high-altitude planes come to Wallops often
exotic airborne items at Wallops, waits to go. for photo missions requiring precise forecasts.
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l_“” tethered balloon (top), contrasts with the
"MSphere, used for precise wind measurements.
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where the spent casing is going to land, and
also where the payload is going to land.”
Meteorologist Joseph Bauman elaborated:

“The problem is not at all like figuring
wind effect on an artillery projectile, which
drifts somewhat with the wind. A rocket
tends to cock into the wind. So. with a
strong wind blowing away from the shore,
a rocket tends to angle upward and may
drift back over a populated area. NASA’s
wind-weighting group uses Weather Serv-
ice data to determine if there is the slightest
potential for an accidental shoreward drift.
The engineers have tables showing the risk
for every type of rocket they fire. If there’s
one chance in about 100,000 it’s no go.

“For range safety, the wind field is ex-
tremely important, from the surface all the
way to hundreds of thousands of feet.”

Weather Service forecasters provide mor-
ning briefings for various projects every
working day. Said Bauman: “Some experi-
ments call for cloud cover, some for
sparkling-clear visibility, others rain. There
are many variations. On hand for weather
briefings you can expect the test director,
the project engineer, project scientists and
range-safety people. And these briefings are
much more complex than, say, a TV presen-
tation, because most of these people are
technical types who understand meteoro-
logical terminology.” Some attendees are
meteorologists themselves, working on a
project.

Among the more difficult problems, said
Bauman, has been forecasting for ‘“rain
erosion of rocket payloads.” With a fast-
moving payload, he explained, “there is a
very serious problem from rain. It can
strip away the material on the outside of
the nose cone as it is moving through the
atmosphere.” So NASA has tested a variety
of different materials resistant to such
erosion.

“Our job has been to forecast periods
with the kind of rain they wanted. The
requirements were almost self-cancelling.
They wanted uniform rain over a wide area
from uniform clouds 30,000 to 35,000-feet
deep. The rainfall rate they sought was
about 2 to 3 millimeters per hour—rela-
tively light. We had to try to forecast 12
hours in advance when would be the most
likely time for this kind of rain to occur,
since there was a lot of logistics involved in
bringing people and a specially instrumented
aircraft down from the Air Force Cam-
bridge Research Laboratories in New Eng-
land. Many individuals were involved.

“Approaching launch time, we sent up
big, corner-type radar reflectors by balloon
to measure wind. Still closer to launch
time, balloons carrying small aluminum
reflectors to provide good radar echoes were
sent up at 15-minute intervals, almost on a
real-time basis. Added to this was wind
information, telemetered to us from our two
instrumented towers on the island. one 300
feet high and the other 250 feet. Each
tower has wind-measuring gear at every
50-foot level, and provides us with constant
readouts.

“Using our weather forecasts as a guide,
the scientists launched their rockets and
measured nose-cone erosion from rain by
means of radioactive wires sticking out.
As they were eaten away, radioactivity
decreased.”

Another project calling for precise fore-
casting has been the U-2 ecological pro-
gram. The U-2 is the high-flying aircraft
once used for reconnaissance. Now, U-2’s
are being used on long-duration photo mis-
sions in which as much eco'ogical photog-
raphy as possible is crammed into a single
flight.

“The U-2’s are not based here, but in
California,” said Bauman. “They’ll call us
in advance and ask, for example: ‘When
does it look good for us to photograph
much of New England? What’s a good
3- or 4-day period for that?” When we
tell them, they’ll fly here for the operation.
On a mission, they navigate by eyeball.
They don’t want cirrus or even haze. They
operate at 65,000 to 70,000 feet. For a
given area they have tracks laid out over
which they fly back and forth to produce
overlapping photos to get stereo and mosaic
pictures at the same time. For each flight,
U-2 pilots may be working for several dif-
ferent investigators with completely dif-
ferent parameters, requiring, perhaps,
different sun angles and different kinds of
film. The U-2’s come here about once every
three weeks now, and are doing fantastic
things—for example: looking for the effects
of tides on Delaware Bay by means of
introduced dye; gaging the amount of
defoliation of trees by insects, and how
crops are faring. After Hurricane Agnes,
there was a whole series of U-2 flights,
checking on the amount of flood damage.

“These fellows are really precise; they
allow a specific time interval for each por-
tion of a flight. Their fuel problems are
tricky. So they depend a lot on our fore-
casts.”

Of all the forecasting assignments carried
out by the Weather unit at Wallops, the task
of predicting clear skies for the barium-
ion-cloud experiment in September, 1971,
was undoubtedly the most complex. This
experiment called for the release of barium
vapor 20.000 miles above the earth over
Central America by a Scout rocket launched
from Wallops. The experiment was con-
ducted jointly by NASA and West Ger-
many’s Max Planck Institute for Physics
and Astrophysics. The goal was to observe
and photograph telescopically the effect of
the earth’s magnetic field on barium atoms
which had been stripped of one of their
electrons—that is, ionized. At the great
height of 20,000 miles neutral barium atoms
were ionized by the sun’s ultraviolet radia-
tion so that they became electrically charged.
Once so ionized, the charged barium par-
ticles then were drawn down along the
lines of the earth’s magnetic field in tight
spiral paths, causing the barium cloud to
become longer and longer during the 1%
hours it was photographed.

The effect is similar to the old physics-
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National Weather Service forecasters predicted
eight hours in advance when conditions would
be clear enough over North and South America
for photography of this barium ion cloud ex-
periment. NASA Illustration

SCOUT ROCKET

X=0BSERVING STATIONS

class experiment in which iron filings are
scattered on a sheet of paper over a horse-
shoe magnet so that they line up with the
opposing poles. The difference is that, with
the Wallops experiment, the earth itself
was the magnet.

The Wallops forecasters’ job was to pre-
dict at least eight hours in advance when
‘he weather would be clear enough over
wo continents—North and South America
—for the cloud to be telescopically photo-
graphed. Six primary optical viewing sites
were involved: the Kitt Peak National
Observatory near Tucson, Ariz.; the Smith-
sonian Astrophysical Observatory at Mount
Hopkins, Ariz.; the White Sands, N. Mex.,
Missile Range; the Smithsonian Astrophysi-
cal Observatory at Arequipa, Peru; the
European Southern Observatory at La Silla
Peak, La Serena, Chile; and the Cerro
Tololo Inter-American Observatory at La
Serena, Chile. All of these sites are at high
elevations—ranging from 5,400 feet at
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White Sands, to 8,750 feet at Kitt Peak.

In addition, the Wallops forecasters had
to forecast the weather during the experi-
ment for a NASA Convair 990 equipped
with special cameras. This aircraft was to
fly along a corridor between Bermuda and
Wallops Station, and needed assurance there
would be no turbulence or lightning during
the critical period.

Sightings from widely distributed locali-
ties were necessary to determine the exact
position and motion of the barium cloud
at successive instants by triangulation. A
clear, moonless night was required so that
sensitive cameras could pick up the faint
image of the gradually elongating cloud.
Complicating the forecast for the two-hour
experiment was the 3%-hour lag between
launch of the four-stage Scout rocket and
ejection of the barium vapor. This is the
time interval required for the rocket pay-
load to reach a 20,000-mile altitude.

2, MINUTES AFTER RELEASE

12 MINUTES

19 MINUTES

Chamberlain said the final forecast, one
hour before launch, “had to provide reason-
able assurance that favorable weather and
optical-seeing conditions would exist for
seven hours” over the primary viewing
sites.

Advance studies had indicated the sum-
mer months could not produce these condi-
tions, so launch “windows” in spring and
autumn were selected. Several times in the
spring of 1971, launchings were scheduled
and then cancelled. Finally, on September
20, 1971, at 7:31 p.m. EDT, the Scout
rocket soared into the sky with its barium
payload. At 11:05 p.m., three hours and
34 minutes later, the vapor was released.

Because of its great height, the barium
cloud was within view of almost all of
North and South America and the western-
most parts of Europe and Africa. When the
barium was released, it became ionized
within a minute or so and quickly achieved
peak brightness. To the unaided eye, it




Joseph Paranzino, Supervisory Aerospace Ob-
servational Specialist, holds a radiosonde bear-
ing a special device for measuring ozone in
upper air, and then radioing its information

Electronic Technician Elwood Harte holds me-
teorological rocket components. In right hand,
data-sonde payload which descends from 200,-
000 feet by a parachute inside the tube in left

back to earth.

appeared about as bright as the North Star,
and grew dimmer as it elongated along
magnetic-field lines. It was visible 8 to 10
minutes to personnel at Wallops Island
without the aid of telescopes.

On the day of the launch NOAA per-
sonnel at several sites participated in the
experiment. Wallops NWS weather ob-
servers and forecasters had been detailed
in advance to most of the telescope-camera
sites in U.S. and South America, from which
they provided on-site weather observations
to the duty forecaster at Wallops. During
the day of the launch, the Weather Service's
Spaceflight Meteoro'ogy Group at Suitland
worked closely with the NWS Analysis
Center, studying weather maps of the
Southern Hemisphere, and monitored
“movie loops” of ATS-3 pictures made by
the Applications Group of NOAA'’s Satel-
lite Service. The Suitland Spaceflight Group
reported their observations to the duty fore-
caster at Wallops. NOAA’s Satellite Com-
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Weigel Photo hand.

mand Data and Acquisition Station—
directly adjacent to Wallops Station—pre-
pared “a near real-time Polaroid picture”
from the ATS-3 satellite, which was proc-
essed immediately by the NASA/Wallops
photo lab for study by project scientists.
The result was a series of sharp photo-
graphs from several angles showing the
cloud turning from a round dot into thin,
parallel streaks, confirming some of the
scientists’ expectations and also raising new
questions about the magnetosphere. Next
on the list may be a somewhat similar
experiment in a polar region, where the
magnetic field is much closer to earth.
Besides forecasting for experiments con-
ducted at the Wallops Station, the Weather
Service people frequently are called upon
to go elsewhere to provide weather support
for scientific missions. Wallops personnel
have been on assignments to Bermuda,
Alaska, Barbados, South America, and
aboard ships, making weather observations

Weigel Photo

and forecasts.

In 1965, Chamberlain served aboard
NASA'’s small aircraft carrier that had been
converted into a rocket-launching platform.
This expedition went as far as 60 degrees
south along the west coast of South America.
“On that trip, 77 rockets were fired, 76 of
which performed perfectly,” he said. “Most
of the rockets fired were Nike-Cajuns—a
really good, two-stage solid-fuel vehicle.
And of course some were meteorological
rockets, which the Weather Service tracked
with onboard GMD equipment.”

Meteorological rockets with radio trans-
mitters have payloads that are essentially
modified radiosondes, transmitting on 1680
MegaHertz. They are tracked by the same
kind of ground equipment used for balloon-
borne radiosondes. The main difference is
that rocket payloads are tracked on the
way down when descending from perhaps
200,000 feet by metalized parachute.
whereas the balloon-borne radiosondes are
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tracked on their way up to a maximum alti-
tude of perhaps 100,000 feet. The two sets
of data combine to provide a complete
wind and temperature profile from the
ground to the rocket payload’s maximum
altitude.

The Weather Service station at Wallops
is the official network station for rawin-
sonde measurements of the upper air along
that portion of the East Coast. Balloon-
borne radiosondes are launched twice daily
at 0000Z and 1200Z (8 a.m. and 8 p.m.
EDT).

Besides these twice-daily radiosonde
launchings, there may be as many as four
or five special balloon launchings for one
purpose or another on a given day. One
type of special launching is the ozonesonde,
using a special instrument attached to the
side of a radiosonde. By an electro-chemical
process, this device measures the ozone
content of the upper atmosphere. According
to Joseph Paranzino, Supervisory Aerospace

Some of the Wallops weather personnel in the
forecasting office. Top row, from left: Paul
Murphy, Kathy Lewers, George Foster, Richard
Kelly, Robert Dittmar (Principal Assistant), Ray
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Observational Specialist, Wallops Station is
the only place in the U.S. where such upper-
air ozone soundings are regularly made.
Paranzino and his co-workers also make
ozone measurements at the surface with
Dobson spectrophotometers.

Another balloon-borne experiment con-
ducted on the Island involves migratory
birds. Said Paranzino: “To carry the birds
aloft we put them in little packages attached
to the balloons. A simple fuse releases a
door at a given altitude and the bird drops
out. Thereafter, the bird is tracked by
sensitive radars to determine what kind of
echo it makes, the direction and altitude of
travel, and so on.” Other birds are released
from helicopters and similarly tracked.

A somewhat harrowing task for weather
observers is associated with thunderstorm
experiments being conducted by the Johns
Hopkins Applied Physics Laboratory and
the Air Force Cambridge Research Labora-
tories. This one is a potential every night

Brown. Bottom row, from left: Joseph Bau-
man, John Costello, Lloyd Chamberlain (Me-
teorologist in Charge), Herbert Chadwick.

Weigel Photo

from 4 p.m. until midnight. It calls for
personnel at the weather-observing unit to
release a radiosonde balloon into any thun-
derstorm that comes along. Scientists are
trying to learn just how a given amount of
precipitation affects communications and
over how wide an area.

Balloons also carry aloft styrofoam
spheres coated with silver paint—highly re-
flective to radar. An instrument prepared at
the Weather Service Support Facility’s elec-
tronics laboratory releases the sphere at a
given altitude, and radar operators then
track its fall—which is quite uniform—to
calibrate their instruments for accuracy.

The types of rockets launched at Wallops
are not nearly so glamorous as those at
Cape Kennedy. None of them has, for
example, the slow, majestic liftoff of a
liquid-fueled Saturn 5 or Saturn 1B—used
in launching the SKYLAB space station
and the astronauts to man it.

Explained Wallops Public Affairs Officer



Joyce Milliner: “Our four-stage, 72-foot
Scout is the largest rocket launched here,
but the Scout is the smallest rocket fired
at Cape Kennedy. However, the Scout can
put a 500-pound satellite into a 300-mile-
high orbit. Scout rockets have placed 17
satellites into orbit from Wallops Island.

“The little meteorological rockets move
so fast you really can’t see them go up,”
she said. “What you see is the smoke of
their trail, and that’s about all.” Fuel in
some of them is completely burned in two
seconds. From there on, the payloads coast
to peak altitude. An ARCAS rocket, one
of the old standbys, puts its payload at
apogee (maximum altitude) of 200,000 feet
in about two minutes. Then the parachute
is deployed.

Wallops Station has an active community-
relations program and goes out of its way to
be a good neighbor to the surrounding popu-
lation. In mid-April the station participated
in a Chincotague Chamber of Commerce
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affair called “Week End on the Islands,” and
held open house for all comers, with a
variety of instructive exhibits in the main
hangar. The Weather Service unit was an
active participant, as was NOAA’s satellite
station immediately adjacent.

Said Electronic Technician David Beatty:
“We had 360 visitors over the week end
at the satellite station, almost more than
we could handle.” Beatty is training officer
for the satellite station, and provides visi-
tors with a graphic description of NOAA’s
plans for implementing data retrieval from
the new GOES (Geostationary Operational
Environmental Satellite), when it is placed
in stationary orbit 22,300 miles high some-
time next year. “Plans call for two new
60-foot dishes for GOES,” he said, “and
there will be a separate operations center
to control the satellite and process data.”

Also part of good neighborliness is the
elaborate safety precautions maintained by
Wallops personnel with the aid of their
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Electronic Technician David Beatty, training
officer for National Environmental Satellite
Service’'s Command and Data Acquisition Sta-
tion, views pedestal for an 85-foot antenna.
Weigel Photo

supporting meteorologists. At launch time,
a special airplane is sent out to sea over
the launch area to spot ships or small boats
which may have strayed into a danger area.
A close-in radar also keeps a watchful eye,
and the Coast Guard stands ready to move
fast in event of emergency. ‘“Actually,
though,” explained a Weather Service fore-
caster, “NASA has no right to make any-
one move out of the way. When the fishing
is good, commercial fishermen are not about
to move elsewhere. Their livelihood is at
stake. So NASA waits or shifts the aiming
point of a rocket slightly.”

The list of experiments and variety of
tasks performed at Wallops Island could go
on and on. While Wallops Station may lack
the fame of the larger space centers, it
makes up for this in the diversity of tasks
it is performing. As a servant of the scien-
tific and engineering communities, it yields
a rich return on the taxpayers’ dollar. O

Not far from Wallops complex is the famed
Chincoteague National Wildlife Refuge on As-
sateague Island. It's home to herons, ducks,
geese, shore birds, other animals and the fabled
wild ponies. Weigel Photo
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If energy were measured by a yardstick,
Ola Bryant Watford could be described as
five feet of dynamic momentum, topped by
a computer-quick mind.

She is the only staff female geophysicist
employed by the Department of Commerce.
She also is married, the mother of six
children, active in community organizations,
and usually is taking a graduate course at
a nearby university.

As a geophysicist with the Environmental
Data Service’s National Geophysical and
Solar Terrestrial Data Center in Boulder,
Colorado, Mrs. Watford’s major duties and
responsibilities are associated with analysis,
compilation, charting, and distribution of
United States and international magnetic
field data information and charts.

She is responsible for integrating all this
information from global observatories, re-
peat stations, and field surveys by land, sea,
air, and satellite. She then develops methods
and computer programs for the automatic
processing of this data, reviews and cor-
rects test runs, and resolves inconsistencies.

Special studies of the earth’s magnetic
field are required to derive essential naviga-
tion data for the complete series of nautical
charts issued by NOAA’s National Ocean
Survey. All of these marine charts must
show up-to-date magnetic variation informa-
tion. More than 900 charts of this series
will, sooner or later, arrive on MTrs.
Watford's desk.

“The world and regional magnetic charts
of the United States, Central and South
America are published at five and ten-year
intervals,” she says. “Only three countries
in the world (United States, United King-
dom and USSR) prepare the world mag-
netic charts.”

Consequently, international trainees from
many parts of the world come to EDS’s
geomagnetism division for training. And
Mrs. Watford is on hand to meet and train
them in the basic procedures required in
the compilation of magnetic charts.

“My knowledge of French often becomes
most helpful at this time,” she says.

In a room papered wall-to-wall with
charts, the diminutive Mrs. Watford re-
called her early background. “I was the
only girl and youngest of five children in
my family. My father was a graduate of
Biddle University (now known as Johnson
C. Smith University). After graduation,
he went on to seminary and became a
Baptist minister and later, a Bishop in the
Southern Baptist Conference. He also
owned his own tobacco farm and religious
publishing house. My mother was the typi-

Busy life as wife, mother, executive, community
leader and student leaves Ola Watford smiling.

44

NOAA Profile

Distaff Dynamo

Ola Watford NOAA's only woman
geophysicist, combines a career with
marriage, motherhood, community
activity, and continuing education.




cal housewife and still resides at home in
Kinston, N.C."”

Education was stressed in the family.
Her paternal grandfather was a graduate
of Shaw University in Raleigh, N.C. Her
maternal grandmother was a school teacher
in 1885.

Mrs. Watford is a native of Kinston,
North Carolina, and valedictorian of her
Adkin High School class. She and all her
brothers are graduates of Johnson C. Smith
University in Charlotte, N.C. At age 19,
the youngest member of her graduating
class, she went on to graduate study at
Howard University in Washington, D.C.

A firm believer in continuing education,
she has since studied at D.C. Teacher’s
College, the Department of Agriculture
Graduate School, American University,
Industrial College of the Armed Forces, the
IBM Education Center, and in several on-
the-job training classes.

“If one plans to keep even partially
abreast of today’s information explosion and
scientific advances,” Mrs. Watford believés,
“you must stay in school.”

She plans to enter the University of
Colorado in Boulder soon.

The geophysicist met her husband, Alven
Watford, a recently retired international
economist for the United States Department
of State Agency for International Develop-
ment, in graduate school at Howard Uni-
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versity. After marriage, she taught mathe-
matics for two years at Queen Street High
School in Beaufort, N.C., before entering
government service.

“I began my government career in 1951
as a GS-3 statistical clerk at the Naval
Oceanographic Office,” Mrs. Watford re-
calls. Two years later she transferred to
the Coast and Geodetic Survey—which later
became part of NOAA—and has advanced
to her present position.

Mother of six children, ranging from
elementary school age through college, Mrs.
Watford says: “I've worked all my married
life as a financial necessity. The Commerce
Department allows its female employees
six months’ maternity leave, permitting a
female employee to retain her employment.”

She has successfully managed a career,
motherhood, and role of wife principally by
employing “live-in” help. “I've always had
a live-in housekeeper—an absolute neces-
sity—until we moved to Boulder last No-
vember. During the years my children were
younger, daycare centers were not readily
available anywhere throughout the country.
To accomplish regular housekeeping duties,
it was necessary to have help to take care
of the everyday needs of the children.”

Since her brothers were high school
principals, Mrs. Watford would employ
female graduates her brothers recom-

mended, providing board and room plus

salary and tuition so they might attend
adult education classes in the large Wash-
ington, D.C., metropolitan area.

“This is one of the ways we could help
others obtain a good start in life so they

- wouldn’t have to remain on the farm with-

out further education in their small com-
munities,” she said. “We considered it a
‘help-exchange’ because we were helping
these young girls further their education,
and I was able to continue my career. Of
course, this depended upon the ages of my
children.”

If all the children were in school, the
babysitter could also go to school. Until
that time, Mrs. Watford had to hire some-
one to work full-time in the home to care
for her pre-school children.

Exploding the myth that “successful”
wives, mothers, and career women must be
expert at all homemaking tasks, Mrs. Wat-
ford readily admits she’s not a good cook.

“My culinary activities are rather limited,
but I do believe in balanced reals. I'm no
seamstress either; I couldn’t make a dress
any more than the man in the moon.

“I find the day-to-day tasks of running a
household very similar to managing a busi-
ness or institution. A career wife and
mother still must assume the traditional
duties of taking care of skinned knees and
participating in neighborhood car pools.”

Despite her busy schedule, Mrs. Watford
found time to involve herself in PTA, other
school-related parents’ clubs, and teach a
Sunday school class.

Mrs. Watford has been a member of
NOAA’s Equal Employment Opportunity
committee both in Washington, D.C. and
Boulder. She a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>