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1. Butler Building; containslibrary and archives, division of terrestrial magnetism, part of division of geodesy, and part of division
2. Front Richards Building; contains part of division of geodesy, part of division of charts, division of accounts,
3. Back Richards Building: contains Director’s rooms, part of division

of charts, part of division of geodesy, and part of division of hydrography and topography. 4. Formerly a stable: now houses
1n this building the entire output of charts of the Bureau is printed. 5. Chart, Iustru-

the printing oflice, division of charts.
ment, and Archives Building; contaius part of division of charts, the instrument section, and the carpenter shop.

of charts.
and part of division of hydrography and topography.



REPORT

OF THE

DIRECTOR, U. 5. COAST AND GEODETIC SURVEY.

DepartMENT OF COMMERCE,
Coast axp Geoperic Survey,
7 : Washington, October 5, 1920.

- Sir: There is submitted herewith my sixth annual report, the five
preceding as Superintendent and this as Director of the U. S. Coast
and Geodetic Survey for the fiscal year ended June 30, 1920. This
is the eighty-ninth annual report of this Bureau.

PART I.

Chapter I. Need of a new building for the Washington office of the
ureau, pages 10 to 14,

Chapter 1I. Salary readjustments needed to produce an efficient
and permanent personnel, pages 15 to 19.

Chapter III. Work of the %Vashington office of the Bureau during
the fiscal year, pages 20 to 36.

_ | PART IL.
Chapter I. Alaska needs immediate, definite, and adequate relief,

Pages 37 to 50.

Ghapter II. What is needed to better éccomplish the field work,
Pages 51 to 57.

8hapter II1. Discussion of the field accomplishments during the
Year, pages 58 to 64. ' :

Chapter IV. Showing conditions and needs of surveys, hydro-

graphic and geodetic, with illustrations—United States and posses-
- 8lons, pages 65 to.85.

PART IIX.

Surveying from the air, pages 86 to 88.

PART IV.

Résumé of the work accomplished in the field and office during the
year, pages 89 to 169.

INTRODUCTION.

, Congress,” during its last session, wisely recognized the commi,é—
Sioned officers of the Coast and Geodetic Survey by giving them a
Pay status equal to the other five commissioned forces of the Federal

T
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Government. The vital importance of this legislation can not be
overestimated, for it not only gave these highly trained engineers,
navigators, and surveyors salaries commensurate with ‘their worth,
but it literally saved a service so important to the protection of
human life and property. It is no exaggeration to state that the
action of Congress has already had a national and far-reaching
effect for the welfare of the country which is hard to estimate. It is
only a few months since the. legislation became effective, but the
judgment of the Senate and House is clearly -obvious. Already this
service, which was on the brink of certain demoralization, has taken
on a new life; the morale is better than ever before; in fact, the real
permanent groundwork of this old and invaluable service, whose
very foundation has only begun to be genuinely recognized, and after
more than 104 years of existence it is on a just and permanent basis.

But with due and full appreciation of what Congress has recently
done, there are other vital necessities required by this service, some
of them equally as important as the one relieved by the recent
legislation.

There are three other branches of the Coast and Geodetic Survey
which, judged from their importance and value to the country, must
be immediately recognized by providing just salaries, if they are to
be retained, otherwise the necessarily high standard of the Survey
must permanently suffer. These three classes of men are.the com-
puters (mathematicians), draftsmen (cartographers), and instru-
ment makers. . .

The computers, when first taken into the service, must be highly
qualified as engineers and mathematicians, such as our best technical
universities produce, but this is not all. When they have passed
the rigid examination it takes some years of application to the highly
specialized work before each man is looked upon as thoroughly
efficient. N

Then the draftsmen, who, like the computers, are trained in the
fundamentals of engineering. Their great value in putting the final
touches on our charts for navigation lies in the fact that their years
of experience, after a difficult basic training, gives the confidence in
them only made possible by the years of practical application in the
difficult and highly technical work which they encounter each day.
‘The word draftsman is deceptive as applied to the men in this serv-
ice, for their work is not in outlining or drawing a map or chart, but
a draftsman of the Coast and Geodetic Survey must be able to place
absolutely accurately on the charts produced by this Bureau symbols
representing pinnacle rocks, shoals, and other hidden dangers of our
waters, which information means so much to the protection of human
life and commerce.

And the third class of men—long neglected—without adequate pay
is represented by the instrument makers. Feéw can interpret the im-
portance of these men to the service. Without this force, our vessels
and land parties could hardly function. Years ago the service bought
most of its instruments, but now, with changed conditions, it is found
to be more economical, not to mention the saving of time, to manu-
facture most of the delicate and intricate instruments netessary to all
the work within the Bureau. Many of the most valuable and com-
plicated instruments have been conceived by men in the Coast and
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Geodetic Survey. One, the “tide-predicting machine,” popularly
nown as the “brass brains of the Coast Survey,” saves in labor the
work of 60 highly trained men. This remarkable instrument predicts
with precision the tides of the coastal waters of the world. ‘
The Bureau has already faced the loss of a number of these experts
Who have been drawn to statutory positions in the other branches o
e Government where the pay 1s not only greater than’ offered by
this service but the duties are far less exacting than those at less sala-
ries now offered by this Survey. Unless this unfortunate situation is
corrected soon, there is but one answer. The instruments much
heeded for parties will not be forthcoming, resulting in untold delay
In carrying on the field work. Instruments must be kept in repair at
all times, with a reserve in case of emergencies. This is impossible
under existing conditions.
- The situation in these three branches is just this: The salaries are
far too low to retain first-class and experienced technical men; the
Now apparent outcome is the necessity of filling many vacancies, if
filled at all, with men lacking in fundamental training or ground-
work, which obviously means delay, inaccuracy, and additional cost
of production. It takes years of training to produce a first-class
computer, draftsman, or instrument maker. Shall the service lose
this class of technical men and continue to accept anyone available?
The field force is now on'a substantial basis and will be handled with
economy and thoroughness, and there is needed the same atmosphere
of efficiency among the technical force -in this office; otherwise the
results will be complicated .and delayed. The remedy is clear and
economical, besides giving correct and prompt results to the country.
Later in this report fuller detail will be given on the merits in-
volved in this introduction, and also chapters on the imperative need
of modern surveying vessels, a new building for the Washington
‘office, and adequate salaries for the engraving and clerical forces.



Part I.—_NEEDS OF THE WASHINGTON OFFICE.
CHAPTER 1.

FURTHER EXPANSION IMPOSSIBLE WITHOUT A MODERN
BUILDING.

This Bureau occupies quarters that are a disgrace—insanitary and

- directly responsible for a clear loss of 25 per cent efficiency, not to

mention the fact that it has far outgrown such quarters as it now

occupies. The absolute necessity for modern and healthful quarters
with a chance for expansion is a daily problem. :

1. The Bureau is housed in five different buildings, but one of
which is designed for its needs.

2. Employees under the direct supervision of chiefs of divisions
and chiefs of sections are necessarily hundreds of feet away from the
directive head, and communication is only possible through a laby-
rinth of stairs, halls, and bridges.

3. Original field records made at a cost of thousands of dollars
are continuously exposed to destruction by fire. v

4. The assessor for the District of Columbia states that the value
of the buildings occupied by this Bureau is $317,900. The average
yearly expernditure for repair and upkeep of buildings occupied by
this Bureau for the past five years has been $7,835. The cost of the
repairs and upkeep of the buildings yearly is 2} per cent of their
total value. Substantial repairs can not be made because the basic
structure of the buildings is not generally sound enough to permit
them to be made economically. )

The greater merchant marine, the increased marine commerce of
the country, and the Army and Navy have made calls on the Bureau
for its navigational charts to the number of 311,699 during t.he fiscal
year ended June 30, 1920, of more than four and one-half times the
demand in 1900—20 years ago—when 71,614 were printed.

To meet this demand has meant an expansion of personnel and
equipment, so that the buildings that house the Bureau are taxed to
their capacity. At best these buildings are not adapted to the pur-
pose for which they are utilized. With the principal two of the five
buildings originally designed for a hotel with small rooms and 16
different floor levels in the two buildings, the 5 more or less detached
buildings (see frontispiece), constructed as they are, result in an
actual handicap to the orderly and efficient administration of the
work of the Bureau and the operation of its chart-manufacturing
equipment. o R

The office work of the Bureau lends itself to seven natl,lral divisions
of personnel. These are as follows: (1) The Director’s office, with
directive control of the office and field work; (2) the division of
hydrography and topography; (8) the division of geodesy; (4) the
division of charts; (5) the division of terrestrial magnetism; (6) the
division of accounts; (7) the chief clerk. In but two instances are

10



CHART PRINTING ROOM,

In the room indicated Dy the arrow above, more than 20 feet below the street level, is printed every chart
that is isstied by the Coast and Geodetic Survey, more than 800,000 during the ‘eurrent fiscal year.



ENVIRONS OF CHART-PRINTING ROOM.

View of buildings occupicd by the Coast and Geodetie Survey, from New Jersey Avenue, showing the
location of the huilding in which the eharts of the Bureau are printed,
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or is it possible to house the members of any one of these divisions
In contiguous rooms. Arbitrarily it would be possible to distribute
the personnel of each unit of the office organization so that the mem-
bers of the several units would be in contiguous rooms, but there are
‘other weighty factors that must have consideration in the distribu-
tion of the personnel of the various sections and divisions. The en-
graved characters on the copper plates from which are printed the
charts of this Bureau must be placed with a high degree of exactness
as to position on the plates in order that the printed charts may
represent actual conditions and be relied upon without question by
the navigator. To permit the engraver to do this properly requires
that he have the best possible light facilities. There are relatively
few rooms in the building occupied by the Bureau that afford proper
natural light for engraving work. s

For this reason the engravers must be distributed wherever it is
possibleé to obtain the requisite amount of natural light. The same.
condition applies to draftsmen, though fortunately we have recently
been able to bring the draftsmen together on one floor and in one
building as a unit organization. There are other divisions of the
office that require the constant consultation of the charts of this

ureau, as well as of the Navy Department and foreign countries.
To have these charts constantly available requires numerous chart
cases. These chart cases are considerable in size, and therefore those
by whom they are consulted should be housed in commodious rooms.
In no instance is there a single room sufficiently large for this pur-
pose, nor are there large rooms adjoining each other. Therefore,
charts that are constantly consulted by various employees of the
Bureau are in cases in widely separated rooms, resulting 1n an incon-
-venience and loss of efficiency that is readily appreciated. To make
one set of charts available for two different divisions housed in differ-
ent buildings, the expedient has been adopted of placing the chart
cases in two rooms somewhat isolated from both divisions, but at the
end of a bridge connecting the buildings in which the divisions are
housed, so they are equally available for both divisions, but with
considerable inconvenience to each. The heavy chart-printing presses
used in producing the charts that are issued by the Bureau must be
. Placed on a solid foundation, in rooms large enough to contain them,
‘and with the best possible light conditions to help the printer in ad-
Justing registration, etc., during the process of printing. The rooms
~Inost suited to these conditions are found in a small two-story build-
‘ing, 20 feet and 8 inches below the street level of the main front of
the building in which the Bureau is housed, and 7 feet below the
“Street level at the rear of the buildings in which the Bureau is housed,
surrounded on three sides by buildings that are five and six stories
high. (See figs. 2 and 8.) :

Furthermore, the rooms are merely large enough to contain the
chart-printing presses, and the only available place to store the paper
on which these charts are printed is in a building adjoining the print-
Ing building and which was originally built for a stable. The awk-
‘Ward arrangement of the buildings and the different floor levels make
1t impossible to bring the paper on which the charts are printed to
the press by mechanical means; consequently it is carried in the arms
of the printers and their helpers. Again, the lack of storage room

for the completed charts in the printing building requires that they
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be carried by hand to a near-by building to be placed on shelves from
whence they are distributed to meet the official and public demand.
When it is considered that an average of more than 1,000 charts are
issued by the Bureau each working day and that many of these charts
require hand corrections due to the fact that information has been
received since their print, necessitating the ‘addition or change by
draftsmen of the data shown on a chart which requires their assemb-
ling in a correction room, it would seem of necessity to follow that
these charts should be kept in a properly constructed mailing room.
But in order to leave free rooms needed by other branches of the
service requiring proper light facilities, these charts are stored on
shelves in five rooms, nearly all considerably removed from the as-
sembling and correction room and 11 feet and 5 inches below the main
street level. This means that every chart that leaves the Bureau must
be carried by hand to a distance of 205 feet and up three flights of

- stairs to the mailing room and from thence to the mail wagons at the
front of the building. .

As stated before, the engravers of the Bureau must be housed in
rooms that permit the best possible natural light. To leave free
as many rooms as possible for this and other work of the same re-
quirements, such as computing, lithographing, chart correcting, ete.,
the copper plates on which the engraving is done and from which the
charts are printed are stored in the basement of one of the buildings.
The engravers are in most instances four floors above the basement
of the building in which these copper plates are stored, and the
majority of them in other buildings. The only elevator in the whole
group of buildings is a freight elevator, and that is so removed that
it is of little use for hoisting the copper plates. They are therefore
carried by hand up and down several flights of stairs and hundreds
of feet from the storeroom to the engravers and back to the store-
room. Resulting from the lack of proper housing facilities adminis-
trative conditions inherent in directing the work of the divisions and
sections of the office are even greater and of more serious consequence
than what might be termed “operating difficulties.” In b.ut two
instances has it been found possible to have the division chief and
all of the employees under his direction in connecting rooms. The
employees of one division are distributed through five different build-
ings in 69 rooms and on 15 different floor levels. "(See figs. 4 and 5.)
The office of the chief of this division is 398 feet from one of his
section chiefs, and to reach the office of this section chief he must go
down two flights of stairs and up two flights of stairs. (See fig. 6.)
The employees of another division are housed in five different build-
ings in 62 different rooms and on 17 different floor levels. The dis-
tance between the office of the chief of division and the office of one
of his section chiefs is 312 feet down two flights and up two flights
of stairs, Other divisions are almost equally widely scattered.
(See fig. 7.) ,

This distribution is necessary in order to permit an approximation
of proper working conditions for those engaged on the technical
duties requiring a high degree of accuracy, and therefore the best
possible light conditions.” Even with this wide distribution of em- -
ployees, the conditions are far from satisfactory. Within a com-
paratively few years wonderful progress has been made in the Bu-



FLOOR LEVELS.

Thearrow to theleft is on the Hoorlevel of the back Richards Building. The other arrows show where thislevel is in the other buildings.
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A MAIN HIGHWAY OF COMMUNICATION BETWEEN BUILDINGS.



BRIDGES CONNECTING DETACHED BUILDINGS.

Mherooforthe printing office where all the chard(s

sted by the Burean are printed is below thelower bridge
and below the street level.
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reau in the development of the process of producing charts by lithog-
raphy through photographic transfer from the original drawings.
This has resulted in a material saving and in time and effort to get
our charts into print, and to the introduction of this method can be
attributed our ability to keep abreast the very greatly increased
demand for the charts of this %ureau. One of the steps in the pro-
duction of charts by this method requires the adjustments of the
negatives by lithographic artists. On the accuracy of these adjust-
ments depends the accuracy of.the finished chart. Therefore, the
.l}thographlc artist should work under conditions where he has proper
light and where his work is not disturbed by vibration, yet as this
1s comparatfively a new development there was no place to assi n the
new personnel of lithographers, lithographic artists, and litho-
graphic transferrers except on the secon% floor of the chart-printing
room, directly over the printing presses and surrounded on three sides
by buildings five and six stories high.- Under these conditions arti-
ficial light must be resorted to to a considerable extent, and other dis-
turbing agencies make it hardly possible to attain the accuracy that
IS necessary. Twenty years ago photography was largely dependent
on natural light, and therefore the photograph gallery of this Bu-
reau was placed -on the top floor of one of the six-story buildings of
he Bureau, At the present time photography is almost entirely
done by artificial light, and, due to the fact that there is no other
Sultable or vacant place other than where now located, the photograph
gal lery can not be moved.. Yet it is next to impossible to produce ac-
irately registered negatives for printing purposes owing to the fact
e camera is thrown out of adjustment by the vibration of the
om- the heavy chart-printing presses being run in the
f the building adjoining. R
S hom~~the~dismg%ing: elements under which the Bureau is con-
ducting its work in the Washington headquarters, there is a constant
menace to the quarters of the Bureau by fire. The Bureau should
be housed in a fireproof building, or 'certainly one more nearly fire-
Proof than the present buildings. Gasoline, benzol, alcohol, ether,
and, other explosives are necessarily used in photography, lithog-
Taphy, and plate-printing work. Although every precaution possible -
1s taken, there is a constant dread of what might happen should a fire
Start under-favorable conditions, as there is so much inflammable ma-
teria] in these old buildings that they would certainly be absolutely
stroyed should a fire get much headway. Incipient blazes have
Started from various causes, such as overheated steam pipes, spon-
aneous combustion from oily rags, crossed electric wires, etc.
i Very precaution is taken, even to the extent of putting oily waste
I confainers partly filled with water and removing accumulation
Tom the buildings at the close of each day, and keeping explosives
Such as gasoline, benzol, ether, etc., in automatically closing con-
“tainers, However, it is in all probability merely a question of time
Under present conditions when we shall have a disastrous fire. The
“onsequences of such 4 fire are appalling to contemplate. On the
Original field records of this Bureau are based the dats that are con-
ned on every nautical chart of the navigable waters of the United
‘States and possessions. Likewise, on the original field records in
1ese buildings are based the triangulation and leveling controls of
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the interior of the entire country. The Coast and Geodetic Survey
is the only institution of its kind in the country, and its work is
duplicated nowhere else. Therefore, with the destruction of its
original records are destroyed the results of more than 100 years
of continuous effort by the scientific men who have contributed to-
ward the development of surveys that are the most precise in the
world. When these records are destroyed they can only be repro-
duced by actual resurveys in the field, and so accurate must they
be that progress is necessarily slow. Tt would take years to again
build up basic and original data sufficient to use to produce charts
and standard controls for mapping the country.

In brief, the Bureau has necessarily expanded to meet the official
and public demands that have been made on it for its product—
hydrographic charts, nautical publications, and geodetic publica-
tions. This expansion has now reached the point where it is abso-
lutely impossible to go further in its present quarters. Where the
restriction on the proper operating and administrative work of the
Bureau is so pronounced it is no longer a problem as to how best to
do some things but a problem as to how to do them at all. Records
that are constantly consulted are not readily accessible. Intercom-
munication between the chiefs of divisions and chiefs of sections,
as well as employees, is possible only at a great inconvenience and
at an absolute waste of valuable time. There is a constant menace
to the valuable public records stored in the building through fire.
It is impracticable to provide elevator service, though the buildings
are five and six stories high, because the buildings are so separated
that a single elevator would serve but one building. The buildings
are so cut up that it is necessary to devote more than the average
amount of space in them to halls and bridges between buildings, so
that nearly one-fifth of the area of the buildings is used for these
purposes. The point has been reached where the cost in the loss of
time ‘and efficiency, to say nothing of the dangers through fire to
valuable records, is far more than would be the interest on the in-
vestment were a proper building constructed for the Bureau.



CHAPTER II

FURTHER SALARY READJUSTMENTS NEEDED TO PRODUCE AN
EFFICIENT AND PERMANENT PERSONNEL.

If the Government work is to progress as it should, the Govern-
ent must provide pay for its employees that will permit at least
the ordinary comforts of life and some provision for old age. The
average pay of the Government worker under existing economie
conditions does not permit this. The entrance pay is generally too
low to attract applicants, especially efficient applicants. The result
1s that jn the lower grades there is a continuous turnover and a very
large number of temporary employees. This condition puts a direct

urden on the whole organization in that the time of the seasoned
employees is constantly consumed in instructing the new temporary
employees. Further, under present economic conditions, the Gov-
ernment organization is becoming weakened, due to the fact that the
entrance pay in the Government service is relatively lower than
elsewhere.

Consequently the Gevernment secures only those who are unable to
Inget the competition where the entrance pay is higher. This brings
Into the Government service many who will never fit themselves for
arger responsibilities. The result is, at least in this Bureau, that
Wve have numbers of low-paid employees. This condition has been

“brought about by the very low entrance salary and the necessity of

filling the positions permanently by the appointment of those best
fitted for the work, though it was known that they were not up to
the standard that should be maintained. Experience has proven
‘that work is more efficiently and cheaply done by a fewer number
of relatively well-qualified employees than by a larger number of
lower-paid, inefficient employees. Even the efficient employees who
came into the service before the Great War and who have proven
their worth are very much dissatisfied with present conditions.

Outside the Government service the salaries and wages have
Steadily increased to meet the increased cost of living, but within

“the Government service the statutory salaries have remained about

e same, with the exception of the relatively inconsiderable bonus
-of $240 per annum. The administrative officer in the Government
Service who is zealous that a high degree of efficiency shall be main-
tained is constantly face to face with the fact that the employees
under his supervision are not adequately paid and that he dare not

orce the issue by demanding results that the Government should
ordinarily expect, because to do so would.be to drive those employees
rom the service, only to be replaced by less-experienced and less-
Competent employees. The outcome is a compromise in a not too
Tigid exaction of results, a condition in which the morale of the
Whole organization suffers, and a laxity of discipline which will be
al'd'er to overcome the longer it i§ allowed to continue. Yet the
administrative officer has but one or the other of two courses open

15
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to him: He can exact the services that should be rendered under
ordinary conditions and have a continuous turnover of dissatisfied
employees, or he can lower the standard of duties required to meet
the salary scale provided by the Government and retain fairly con-
tinuously the employees who receive intermediate salaries. The en-
trance grades are never continually filled either by permanent or
temporary employees. ‘

During the fiscal year for which this report is presented there were
34 statutory places provided for computers in this Bureau; 23 of
these places were filled permanently at the close of the fiscal year
and there had been 23 separations from this roll during the year, or
a turnover of 67 per cent. : . .

Thirty-six statutory places were provided for draftsmen; 23 of
these places were filled permanently at the close of the year and
there had been 7 separations from this roll during the year, or a
turnover of 19.4 per cent. Forty-two statutory places were provided
for clerks; 84 of these places were filled permanently at the close
of the year, and there had been 15 separations from this roll during
the year, or a turnover of 35.8 per cent. Thirty places were pro-
vided for messengers and laborers; 28 of these places were filled
permanently at the close of the year and there had been 18 separa-
tions from this roll during the year, or a turnover of 60 per cent.

While there has not been any turnover in the class of employees
designated as “instrument makers” in’this Bureau, this is due to
the fact that it has been impossible to fill vacancies caused by resigna-
tions. The term “ instrument maker ” does not convey the full mean-
ing of the qualifications and training requisite for a person to per-
form the duties assigned those appointed under that designation in
this Bureau. There is really no readily understood term that fit-
tingly describes the position. The prime requisite of the work of
this Bureau is that the results must be precise. In order to attain
exactness, it is absolutely necessary that the instruments used in
making these precise surveys shall be graduated perfectll); and shall
be mechanically perfect. The ordinary toolmaker or lathe operator
found in factories is about as proficient in repairing and keeping in
order the delicate and exact instruments that are used by this Bureau
as is a blacksmith to repair a watch. There are very few firms in
this country that devote any time to making surveying instruments
of the more precise kind such as are used by this Bureau. Those
engaged in making instruments produce the cruder instruments used
by surveyors. Surveying instruments used for scientific purposes
are admitted to this country duty free. Therefore most of our pre-
cise instruments are imported. Resulting from this there is in this
country a very limited field from which to draw men qualified to
repair these delicate and exact instruments, and when we do secure
such men they are invaluable to us. They are drawn largely from
those who have had apprenticeship in shops abroad where these
instruments are made. An early apprenticeship and training in this
work where these delicate instruments are made fits a man better for
this work than a long term of actual experience in shops where close
attention to exactness and painstaking ocare in handling delicate
instruments is not required. The deplorable feature of this matter
in connection with this Bureau is that the salary paid our instru- .
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ment makers for this precise work is so very low that men can go
from our.shop, where so much care is required, to a quantity-pro-
duction shop, where less care is required, and get more pay. Men
have left our shop and gone to other shops where the requirements
as to care and accuracy are not so great, and therefore the tax on the
man is not so great, and secured more than twice the amount of pay
they were drawing in our shops.

he inadequacy of the existing salary scale in the engraving
section is striking.

Our youngest engraver has had 10 years of experience, and the
others have been working at engraving for from 11 to 61 years.
Their basic salaries range from $1,000 to $2,500.

One engraver with an experience of over 30 years and two engrav-
ers appointed last year have resigned, and we have two unfilled
positions. .

The engraver with 10 years’ experience, who is receiving a basic
salary of $1,000, is being urged by his family and friends to leave
and 1s made a subject of ridicule by others for remaining. He has
remained, he says, because he likes engraving better than any other
work he could get to do and hopes he will not be driven to do less
congenial work by a continuance of his inadequate pay. He is a
skilled engraver and faithfulness personified in his work. Heshould
easily command a much higher salary in another occupation.

A cause for this discouragement and these resignations is shown
%y contrasting the pay of our engravers with that in the Bureau of
Engraving and Printing.

A comparatively few years ago the avera:ge pay of the letter
engravers of the Bureau of Engraving and Printing and our en-
gravers was practically the same; now there is a difference of 50 per
cent, although it is generally recognized that the skill and study
required is the same in both branches of engraving. ,

The bank-note engraver can get employment outside the Govern-
ment ; the chart engraver can not. The employer of both is the same,
‘yet one branch has been advanced 50 per cent, while the other has
received practically no increase for years. As the value of the bank-
note engraver has been apparently determined by his ability to re-
ceive higher pay outside the Government and the chart engraver
can not get employment elsewhere, he is, of course, discouraged b
the change of relation between his pay and that of those who receive
practicaﬁy the same only a few years since. Now, driven by discour-
agement-the chart engravers are seeking employment at other work.
Four engravers have resigned in the past three years and but one
of these Is at present employed at engraving.

Older engravers have no encouragement to offer their sons or
friends who would like to learn chart engraving ; the grade of appren-
tices on the register has become lower and lower, and now the Civil
Service Commission has no eligibles at all. ,

It is apparent that no young man of ability will seek employment
at work which takes years to learn and where he is almost absolutely
under the control of his employer, when he feels that he will not
receive the same relative treatment given others whose profession
requires no longer to learn and whose chance of employment is not
confined to one employer. But because the Government alone makes

12783—20——2
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charts a corps of engravers is the most permanent force we can
have. The engraver, however, has to be trained and must feel that
bis pay will be adequate to the time required to learn his profession.

We have reached the point where young men of the required ability
are no longer seeking engraver’s positions, and engravers of over 30
years of experience are resigning. , .

The majority of our charts are on copper plates—which have to be
kept corrected to date—and more charts should be on’ copper.

roperly paid, we can maintain a force of engravers who can be
depended upon to have our charts ready at all times, but the discour-
aging ‘conditions under which the engravers have been working is
having a serious effect on the Coast and Geodetic Survey, an effect’
‘which will take years and added expense to overcome unless the relief
we are asking is given us.

In my annual report for the past fiscal year I mentioned the waste
of Government funds due to the lack of properly trained clerical
help. This arises from the fact that a clerk to be of value to the
Bureau must have at least a working knowledge of its scientific
methods. In but few instances is the work of any two clerks in the
Bureau of like character. Therefore clerks are not readily inter-
changeable, and when a vacancy is created it falls on the chief of
division or chief of section to either do the clerical work of the divi-
sion or section or spend a very considerable period of time training
those unacquainted with the clerical work in that particular branch
of the service. Due to the continuous separations from the service,
many of our specialists, as computers, draftsmep, etc., have become
really quite profficient in the performance of clerical work at a mate-
rially (%essening of accomplishments in these specialized lines, not
because they have any preference for clerical work, but because in-
formation is requested by the public, and there is no other means
of having it placed in proper shape to transmit to the public. This
whole situation is brought about by the low salary scale for clerks in
the Bureau and the relatively poor prospects of advancement of

_those who continue with the Bureau. Salaries should be provided
to retain the services of competent clerks. Within the year many
competent clerks have left the Bureau and had offers to leave at far
better salaries than are there provided. Only recently one of our
clerks at $1,800 per annum left the service to take a position outside
the public service at a salary of $300 per month. .

The result of the continuous turnover mentioned above is not yet
fully apparent, nor is it yet reflected in the lack of integrity of the
data issued by the Bureau, and my hope is that it will never reach a
point where the exactness of the data issued by the Bureau can be
questioned ; yet, right now, 1t is only through the zeal, painstaking
care, and extra efforts of the seasoned employees of the Bureau who
are imbued with the old-time tradition that the Bureau shall set the
standard of scientific exactness that prevents the disintegration that
would mean the loss of fidelity of our charts, tide tables, magnetic,
and triangulation publications. The results shown on our charts and
in our publications are now accepted without question as to accuracy,
and this the public has the right to expect, but it is my duty to issue
the warning that a dissatisfied and underpaid personnel and one that
is continuously changing with only the responsibility of the moment,
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can not be expected to continue to produce the high standard of the
past, and there is a point where the supervisory officials, no matter
how diligent, can not check these inaccuracies because it is not hu-
manly possible to go into the details necessarily involved. The only
possigle way to maintain this accuracy is that the individual em-
ployee shall be so zealous that his work shall be above question, and
this ideal is only approached by having properly compensated con-
tented employees, and can never be expected where employees who
are engaged on work that it has taken years of experience and train-
ing to make them proficient at are receiving salaries below those of
lesser ability and training in private life. I am continuously con-
fronted by the fact that employees of our intermediate grades are
leaving this service and receiving salaries that are higher than those
received by our highest grades. Such conditions are not conducive of
efficiency 1n Government service. Right now we are dangerously
near the point where these conditions will be reflected in the inac-
curacy of the product of this Bureau.



CHAPTER II1.

‘WORK OF THE WASHINGTON OFFICE OF THE BUREAU DURING
THE FISCAL YEAR.

. The organization of the Washington office throughout the year, by
divisions and sections, was, as in the previous year, namely :

Division of hydrographic and geodetic engineer in charge of the
office: Section of instruments, section of library and archives, and
section of miscellaneous.

Division of hydrography and topography: Section of field work,
section of vessels and equipment, section of coast pilot, and section
of tides and currents.

Division of geodesy. .

Djvision of charts: Section of field records, section of drafting,
section of engraving, section of printing and sales, section of pho-
tography.

Division of terrestrial magnetism.

Division of accounts. )

The work done by the Washington office during the fiscal year, by
divisions of the office, was as follows:

DIVISION OF HYDROGRAPHIC "A\ND GEODETIC ENGINEER IN CHARGE OF THE
OFFICE.

The general duties of this division were: The care and upkeep of
the buildings occupied by the Bureau; the designing and repairing of
surveying instruments and equipment and packing and shipping
them to the field parties; the purchase of supplies for the office, for
chart-printing work, and to some extent for the field; the care and
custody of most of the original records of field surveys, as well as the
library of printed publications kept for the use of the Bureau; the
keeping of the records of leave of absence taken by the personnel of
the Bureau; the custody and accounting for the receipts from the
sales of charts and publications sold by the Bureau. i

The more important items of accomplishment of the division of the
hydrographic and geodetic engineer in charge of the office during
the fiscal year for which this report is made are as follows: !

In my annual report for the fiscal year ended June 30, 1919, I gave
considerable details regarding the new two-story building then in
the course of construction to house the chart division and instrument
section and the carpenter shop. The needs of the country for the
output of this Bureau in the way of charts and special instruments
for the Army and Navy were so great during the war and its activi-
ties were so hampered through the congestion due to inadequate
housing facilities” that the President allotted funds out of those
placed at his disposal by Congress for the national defense for the
construction of a new two-story building for this Bureau. This
building had not been completed at the close of the fiscal year ended

20
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June 30, 1919, and was not completed and accepted until August 4,
1919. : ' '

The responsibilities of transferring furniture, equipment, and
records to the new building fell on the office of the hydrographic andi
geodetic engineer in charge of the office. Considering the small force-
available for the purpose of moving, the labor in connection with
the moving of the equipment of the various sections of the office-
involved in the transfer from the old to the new building was enor-
mous. The following parts of the office were involved: The drafting:
section, instrument section, carpenter shop, electrotype section, sec-
tion of tides, parts of the division of geodesy, and the library and:
archives. This work was commenced about the middle of June and
was not completed until the close of the calendar year. KEven after
the latter date minor details were left. The original topographic
~and hydrographic sheets, indicating records of surveying work in

the field, all of which were in metal tubes, drawings, blue prints, and

miscellaneous ‘documents, were transferred from the second floor of
the Butler Building to the new vault in the Chart, Instrument, and
Archives building and placed under the charge of the division of
charts. - The transfer involved the inspection of every tube and
making record of all the contents. The work was commenced Au-
gust 21 and was finished October 13, 1919, for the tubes then in:
storage. With the transfer of the chart division, the instrument.
section, and the carpenter shop in the new building, much needed
room was left for expansion of the then exceedingly cramped other
divisions of the office. Before occupying these rooms they were
thoroughly renovated, painted, and equipped with modern illumina-
tions. ’ : ‘ '

Many other repairs were made to the buildings occupied by the
Bureau during the year, such as painting exposed parts of the build-
ings, equipping rooms for chart-paper storage and drying purposes,
making changes in the heating equipment, replacing broken slate in
the roofs of the buildings, repairing ceilings, etc. The total cost of
these repairs was $14,83021.

‘During the fiscal year the expenditure from the appropriation for
general expenses for the Bureau, which was under the direct control
of the office of the hydrographic and geodetic engineer in charge of
the office, was $103,233.66. , ‘

In the library and archives 59 hydrograghic and 26 topographic
sheets, each representing new surveys made by the Bureau, were
received. Two thousand six hundred and fifty-one office and ob-
servatory records were received in the library and archives during
the fiscal year.

In the Instrument section 963 instruments, apparatus, and tools
etc., were repaired during the year, and 475 instruments, tools, and
‘apparatus were made.

The official records kept by the hydrographic and geodetic engineer
in charge of the office show that the total number of permanent and
temporary employees in the office and field, which included all em-
ployees appointed through civil-service certification, were as follows:

Office force - 230
Field  force ——— 217

" Total : e e 447
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The above is in reference to classified employees. Persons employed
in rodding, as chainmen, recorders, and heliotropers in the field parties
‘and enlisted men on vessels of the survey, are not enumerated, as
‘these are variable, depending upon the extent of activities in the field.

The statistics in regard to leaves of absence during the calendar
year are as follows:

} Days.
Annual leave . 7,940
Sick leave ——— 2,190
Without pay leave e T 2,423 |
Accrued leave . 2, 252

While the number of employees naturally varied on account of
resignations and vacancies, calculated on the number actually in the
service on June 80, 1920, as a basis of computation, the average an-
nual leave taken during the year by each employee was approxi-
mately 20 days and the sick leave 4.9 days.

Based on the official day of seven hours, the overtime performed by
ghe employees of the office during the fiscal year amounted to 1,050

ays. L .
The receipts from the sale of charts, publications, etc., amounted to
$58,847.47. .
DIVISION OF HYDROGRAPHY AND TOPOGRAPHY.

The division of hydrography and topography has supervision of
all hydrographic and topographic surveys executed by this Bureau,
whicﬁ supervision includes the determination of where surveys or
resurveys are required, how they shall be conducted, the preparation
of instructions for surveying parties, the organization of the parties,
and the inspection of the field work, and examination of the records.
It is also charged with the construction, maintenance, and repairs of
the vessels and other field equipment, except instruments, the records
of the seamen employed on this work, the compilation of the coast
pilot in the field and office, the observation of tides and currents, and
compilation of tide tables. Lo

For administrative purposes the division is divided into four sec-
tions, known as the section of field work, section of vessels and equip-
ment, section of coast pilot, and section of tides and currents. Each
of these sections is under the direction of a hydrographic and geodetic
engineer, who is responsible for the efficient and economical adminis-
tration of his section under the general supervision of the chief of
the division of hydrography and topography. /

The division also has supervision over the five field stations located
at Boston, New York, New Orleans, Seattle, and San Francisco, re-
spectively, and over the office at Manila, P. I. The field stations are
for the purpose of maintaining close relations between the Bureau
and those who have occasion to use its charts, publications, and data,
and to keep the Bureau informed of the needs for further work in
these general localities. They are in charge of hydrographic and
geodetic engineers, but undertake no surveys unless specifically
directed to do so by this office. The Manila office performs all of the
functions of a field station, and, in addition, has direct charge of all
surveys in the Philippine Tslands and much of the office work inci-
dent to these surveys. This office is in charge of a hydrographic and
geodetic engineer, with the title of director of coast surveys.
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SHIP AND LAUNCH HYDROGRAPHY,
Statute

Ship hydrography performed during fiscal year: square miles,
Delaware Bay approach . 218.00
Chesapeake Bay approach 480. 00
Doboy Sound, Ga., entrance 42,25
Pamlico Sound, N. C 76. 00
Key West vicinity. . _- 300. 10
Gulf of Mexico—Pensacola Bay—bllalldeleul Islands and off-

shore surveys 3, 203. 00
Mississippi River approach 225. 00
San Francisco Bay 109. 60
Point Arena to Cape Mendocino, offshore surveys_.—_______.____ 705. 00
Shelikof Strait, Alaska 650. 00
Philippine Islands 21, 770. 00

Wire-drag surveys: :

Between Portsmouth N. H., and Cape Porpoise, Me..—__ . _.___ 146. 00
Approach to Narragansett Bay and Block Island Sound___...___ 175. 00
Lake Washington - 5. 00
Stephens Passage, S. HE. Alaska_ 127, 650

Launch hydrography :

Cape Porpoise Harbor, Me____ — 1. 00
Gravesend Bay, N. Y - 2.00
Hampton Roads, Va i 22.25

Topography in connection with hydrographic work was executed,
as follows:

Shore line, Ares,

- . statute miles. square miles.
Gravesend Bay, N, Y_____ e e 6.0
Hampton Roads, Va__ .~ 13.0 3.0
Pamlico Sound, N. Co e 115.0 76.0
Doboy Sound, Ga e 12.0 11.0
Vicinity Key West _ —— 18.7 2.8
Humboldt Bay, Calif_________ o __ 17.0
San Franscisco Bay, Calif ez 76,0 11.1
Lake Washington and Lake Union, Wash_____________"T°°C 110.0 50.0
Shelikof Strait, Alaska_.___ . ______ . 28.0
Virgin Islands. . e 44,0 50.0
Philippine Islands. o 214.0 340.0

DIVISION OF GEODESY.

The most important pieces of work which were completed during
the past fiscal year or thch were in progress during that time are
the following:

Computation and adjustment of the following pieces of triangula-
tion: :

1. Primary triangulation, Rio Grande 6
arc. bia,

2. Primary triangulation, ninety- 7. In Massachusetts,
eighth meridian, vicinity of Waco, 8. In Rhode Island.
Tex., eastward to Mansfield, La. 9. In New York,

. In Maryland and District of Colum-

3. Primary triangulation, Sanford to 10. In California.
oblique arc. 11. In Virginia.
4, Primary triangulation, Mexican~ 12. In Oregon.
California boundary. 13. In Maine and New Hampshire.
3. Primary triangulation, vicinity of 14. In Florida.
Phoenix, Ariz. 15. In Utah and Arizona forest areas.
Computation of the following lines of precise traverse:
1. Norfolk, Va.,, to Savannah, Ga. 4. Little Rock, Ark. to Meimnphis, Tenn.
2. Wilmington to Sanford, N. C. - 5. Mansfield to Naples, La.

3. Macon to Griffin, Ga.
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Computation and adjustment of the following lines of precise
levels:

1. Troy to Whitehall, N. Y. 5. Buffalo to Watertown, N, Y,

2. Hilisboro, Tex., to Natchez, Miss. 6. Xirk, Oreg., to Roseville, Calif.

3. Norfolk, Va., to Savannah, Ga. 7. San Jose to Santa Ana, Calif,

4. Rouses Point to Niagara Falls, 8. Southeastern United States.
N. Y.

The computation of azimuths along the following pieces of tri-
angulation and traverse were in progress:

1. Savannah, Ga., to Norfolk, Va. 7. Little Rock, Ark., westward.
2. Wilmington to Sanford, N. C. 8. Yuma district, Ariz.
3. Rio Grande are, Tex. 9. Little Rock, Ark., to Memphis,
4, Texas-Louisiana, from the ninety- Tenn,
eighth meridian eastwardly. 10. Macon to Forsyth, Ga.
- 5. Utah—Oregon arc. 11. Salt Lake, Utah, to Needles, Calif.
6. Sanford, N. C., to oblique arc. 12. North Vernon to South Bend, Ind.

Computations were made of longitude along the Rio Grande arc
and the ninety-eighth meridian eastward. Latitudes were computed
along the traverse lines in Georgia, North Carolina, and Virginia.

One of the most important pieces of work completed during the

past fiscal year was the primary computation of all the traverse
lines in Florida, Georgia, North and South Carolina, and Virginia.
These lines were run at the request of the Chief of Engineers, % S.
Army, during the war. In this preliminary computation an adjust-
ment was made only for the azimuths, which were held final as ob-
served. The discrepancies resulting from the computation in lati-
tude and longitude were distributed according to the number of
positions involved.
_ In most of the lines of traverse it is difficult to get an idea of the
degree of accuracy, on account of the fact that they start with and
end on the tertiary triangulation of the coast. But in the two in-
stances where we have complete loops of traverse the errors of closure
are comparatively small. For instance, in the all-traverse loop,
Macon-Savannah-Everett City, about 400 miles in length, the closure
is 1 part in 110,000. In the all-traverse loop, Albany-Callaham, 830
miles in length, the closure is 1 part in 250,000.

Computations were made of a base-line measure at Santo Domingo,
tShe field work for which was done by the United States Geological

urvey.

Computations were also made of the triangulation done in the
Utah and Arizona forest areas, which was requested by the Forestry
Service. ‘

DIVISION OF CHARTS.

The accomplishments of the chart division, under proper headings,

are as follows:
CHART PREPARATION.

Drafting.

Schemes approved for new charts. ... __________ . 1
Approved schemes on hand, charts not started__ ..o _____ 3
Compilations of charts finished 14
8
1

Compilations of charts in hand
Compilations of started work discontinued awaiting data_______________
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Compilations of started work discontinued for more pressing work__._.__. 2
Smooth drawings of charts finished.. . 11
Smooth drawings of charts in hand 7
Extensive corrections finished - 99
Extensive corrections in hand 6
Extensive corrections started, work discontined awalting data.___._____ 2
Drawings for minor corrections finished — 645
Corrections, aids or dangers ——— 2,334
New charts or new editions for which complete aids were plotted—— .- 73
Proofs of charts verified . 2,176
New drawings of charts from Manila, finished . -
Drawings of extensive corrections from Manila, finished .. _.___ 5
Drawings of extensive corrections from Manila inhand_________________ 1
Engraving.
1918 1917 1918 1919 1920
New plates for new charts finished.....c..ccoviiiiiiniinniaeae.. 2 8 6 6 4
New plates for new chartsinhand.....c.oveeveevnnnnnn . 11 8 9 (] 5
New plates for lithograph charts finished. ............. . 0 3 2 1 0
New plates {or lithograrh chartsin hand.............. 3 2 1 .1 0
Neow bassos for new editions finished....... aann . 11 16 8 12 11
New bassos for new editions in hand 18 3 7 8 4
New bassos for reissues finished.. 3 9 17 9 13
New bassos for reissues in hand.... 10 18 10 9 8
New editions using current prates fin: 24 32 16 12 15
New editions using current plates in hand. 2 2 14 4 0
Extensive corrections applied to plates. ..... 314 269 144 175 158
Extensive correcticns applied tv plates in hand.... aes 14 7 17 5 20
Miscellaneous plates engraved or corrected......... . 22 21 1 2 13
Minor corrections applied to plates........cceueaen ..} 1,158 696 | 719 236 247
Charts in secticn, engraving not started. .. 0 0 0 2 1
Various miscellaneous eNgraving. coeeeveeenursnesesnsassenracaelonsnnces]oossmceslorsnaecslererisalorecacen
Photographing.

Glass nogatives Made. .vverviaecneeiiivinienais 1,225 1,109 | 1,208 | 1,602 | 1,481
Paper negatives made . . 11 0 6

Velox prints made. ..... . . 4,313 8,413 | 1,761 | 2,430 1,345
Vandyke prints made. .co.eeeerrerracrecncsances . 52 36 8 0 0
Bromide prints made........... feeencereccecnranan 500 301 489 359 322
Blue prints made....... s Ceeseessesissancanas 2,411 | 1,921 1,613 | 1,824 993
Photostat prints made sevecnssrecsaccanes 18,549 1 16,017 | 11,550 | 22,476 | 16,416
Lantern slides made........... seveessesnesnsonnae 354 208 109 88 45
Mairices made........ccu... .. teseepacustinsensanine 43 96 62 18 108
Redeveloping prints. . Y U, 197 267 0 79
Prinis mounted...... . 39 118 39 214
Negatives develored.....c...vuneennnns 32 41 22 235 10
Photolithographic negatives for charts..... 30 29 110 354 590
Various miscellaneous negatives and prints.....ceceeveeeeveecsfovenenefornancdennniiiioneiiidenniat .

Two outstanding and sharply contrasting facts tell the story of
the division of charts for the past fiscal year. '

1. The issue of charts has been the greatest of any year of the
more than 100 that the Bureau has been in existence.

2. The failure of Congress to provide salaries adequate to enable
the Bureau to fill existing vacancies in its technical chart-producing
force has made the problem of meeting this increased demand one of
unusual difficulty.

Navigational charts are as essential to the upbuilding of an. Ameri-
can merchant marine as are the compasses or the engines of the ves-
sels themselves. Without the charts of the Coast and Geodetic
Survey free and unrestricted intercourse by water is impossible, as
this Bureau alone produces the charts of all navigable tidal waters
under the jurisdiction of the United States.
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The gradual increase in the number of charts issued, culminating
in the abruptly increased issue during and subsequent to the war, is
shown in the following table, in which the issue for the fiscal year
1900 is taken as 100 per cent and the figures for the subsequent years
represent the ratio of the issues for those years to the 1920 issue:

1900 1905 1910 1915 1917 1918 1919 1920

100.0 145.7 168.1 181.8 353.6 339.9 441.5 455.8

It should not be assumed that this increase in the issue of charts
necessitates a corresponding increase in the force required to produce
them. The time and effort required in chart production is expended
in handling the miscellaneous data received from various sources,
compiling them into the form in which they are to be published,
and carrying them through the various processes by which they are
finally put down on the printing plate. Once the plate is ready for
printing, with presses printing from 1,000 to 3,000 charts per hour,
it is a simple matter to so increase the size of the editions printed
as to take care of any reasonable increase in demand.

These large issues of charts in recent years, therefore, are chiefly
significant as indicating the increasing extent to which the ‘charts
are being used, and in direct consequence the increasing importance
of keeping them so adequate and up to date that the mariner can
use -them with assurance that they portray the actual present con-
ditions of the waters he is traversing.

At present such assurance is not justified by the facts. Some of-
our charts are all that they should be. They are constructed accord-
ing to the best modern practice and the information shown on them
is adequate and up to date. Others, however, are so antiquated as
to be of questionable value. They were constructed many years ago
on projections which have long since been discredited for naviga-
tional use, and the information shown on them is so obsolete, due
to progressive natural and artificial changes in the regions charted,
that recent data received as a result of surveys by the Coast and
Geodetic Survey, the Army Engineers, and the Geological Survey
can not properly be coordinated with the remainder of the chart.

This, then, is the present situation. We at present have charts
more or less modern of all navigable waters of the United States and
its dependencies. Some of these charts are not what we would
have them; they are on the polyconic instead of the Mercator pro-
jection; they are not oriented with the meridian; they have an un-
staisfactory, or two units of soundings; they are not of adequate
scale for most efficient use; the surveys upon which they are based
have been superseded by later ones, ofy which only the most essential
parts of the information obtained are charted, or the surveys them-
selves are inadequate or incomplete, etc.

Our. problem is twofold—first, and most important, to keep our
present charts corrected for all essential information received since.
they were originally compiled; and, second, to as rapidly as possible
replace our present unsatisfactory charts with new ones conforming -
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to our present. standards. Correction of the present charts must be
given precedence. The essential parts of the constant stream of
Information pouring into ‘this office, showing the river and harbor
Improvements by the United States engineers, changes in aids to navi-
gation by the Bureau of Lighthouses, natural or artificial changes
In-channels or shoals revealed as a result of our own surveys, and
‘Water-front development by various municipal or private agencies,
must be passed on to the navigator. Only such time as remains from
this task can be devoted to the production of new charts.

In 1910, and again in 1916, therough surveys of this situation were
made and a definite program of chart reconstruction was adopted. -

- To-day, 10 years after the work on this program was begun, this
program is less than 50 per cent completed.

- The present situation, therefore, is one of long standing. It is not
a result of the war; in fact, the war has tended to improve it rather
than make it worse, for the amount of material for chart correction
received during the war was much below the normal, due to the
transfer to military duties of the men who formerly had been collect-
inﬁ‘such material 1n the field,

The reason for this situation is lack of trained personnel to produce

‘the charts.

The number of employees required should be measured by the
amount of data received by the Bureau for application to the charts.
Between 1900 and 1919 the amount of such material received in-
creased over 150 per cent, while the number of employees authorized
to chart it increased only 16 per cent. Obviously, i1f the methods and
practices in use in 1900 were even reasonably efficient according to
the then existing standards, the only possible result would be that
much of the information received would never be adequately shown
on our charts. Such has been the actual result. In spite of every
ecoomy in time and effort which the Bureau has been able to effect,
we are to-day issuing to the navigator charts which are obsolete in
many important respects, while the material from which modern
and adequate charts might be constructed is lying in our achives.

The remedy for this situation is twofold:

1. Slight increases in the numbers of employees authorized in the
various sections engaged in chart production. .

2. Such increases in the salaries of positions at present authorized
as will enable the Bureau to fill existing vacancies and to hold the
men who demonstrate their capacity for the work.

Consider, for example, the draftsmen. The drafting force com-
pletes and verifies records turned in by the field parties, compiles all
‘the material into the form in which it is finally to appear on the
charts, and makes finished drawings of such charts. The present
authorized number of draftsmen is 36. Torty would be an adequate
number to properly handle the work. But of the 36 authorized posi-
tions, approximately 40 per cent have been vacant during the past -
fiscal year, and there is no prospect of filling those vacancies at the
salaries which the Bureau is authorized to pay. .The draftsman
should have had at least three years of a civil-engineering course.
For men so trained the Bureau is offering $1,200 and $1,400 per
‘annum, or little more than half what its competitors both inside and
outside the Government service have been offering.
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. The increased demand has been met. The charts have been kept
in print, and have been corrected promptly for the essential parts of
all information received at the office in condition to use. That of
itself, considering all the circumstances, is an achievement in which
_the Bureau may well take pride. But it has been accomplished, in
‘part at least, at the sacrifice of certain desirable qualities in the
_charts, and it has left too little time available for work on the pro-
gram of chart reconstruction.

Another noteworthy feature of the division’s work during the
year has been its contributions to the science of map projection, with
particular reference to those projections whose qualities adapt them
to use in maps of the whole United States or the North American
Continent. Two base maps of the United States, on the Lambert
conformal conic projection and the Lambert zenithal equal-area
projection, respectively, and an Aitoff’s equal area projection of
the sphere have recently been published, along with 'a number of
treatises on these and other projections. ﬁ‘he demand for these pro-
jections has greatly exceeded our expectations and affords ample evi-
dence of the service which may be rendered the public by studies of
this character. It is worthy of note, in passing, that much of the
work on these subjects was done outside of office hours. The graphic
diagrams opposite this page show the issue of charts from 1896 to
1920, inclusive, and the issue of Coast Pilots from 1901 to 1920.

DIVISION OF TERRESTRIAL MAGNETISM,

The reduction of the work of the Honolulu magnetic observatory
for 1917 and 1918 was completed and the results were submitted for

ublication. At the end of the year results for the same period for
the Sitka and Tucson observatories were ready for publication, except
for the preparation of tracings of the principal magnetic storms,
and the reduction of the Porto Rico work was nearly completed.
The reduction of the Cheltenham results was delayed until the con-
clusion of the investigation of the difference between the records of
the two Z variometers. : »

The investigation of the difference between the two H variometers
at Cheltenham is still in progress. The Eschenhagen variometer
was readjusted in September, 1919, so as to have the magnet more
nearly in the magnetic prime vertical, and the subsequent results
are in better agreement, but there are outstanding differences still
to be explained. »

Considerable progress was made in the reduction of the observa-
tions for 1919. The tabulation of the hourly ordinates for Honolulu,
for July, August, and September, was made. The observer had been
unable to do this at the observatory because of eye trouble. ,

The results of the field work executed during 1919 were computed
. and prepared for publication as Special Publication No. 64.

The results of magnetic observations made in Alaska up to the end
of 1918 were published as “ Alaska Magnetic Tables and Magnetic
Charts for 1920,” Special Publication No. 63. This includes secular
change tables and charts showing the lines of equal magnetic decli-
nation, dip, and horizontal intensity. . ,

The earthquakes recorded at five magnetic observatories have
been tabulated monthly, and the results have been published in the
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Monthly Weather Review and transmitted to the International Seis-
mological Association and others engaged in a comparative study of
earthquake data. ‘
. Special observatory data were prepared for the department of ter-
restrial magnetism of the Carnegie Institution of Washington, the
ominion 6bservatory of Canada, and the observatory at Iiskdale-
muir, Scotland.

A table giving values of the magnetic declination and the annual
<change for numerous places in the United States was prepared for
the 1921 World Almanac. N

An isogonic chart of the United States for 1921 was prepared
for C. H. Birdseye, of the Geological Survey, for use in a new edition
of appendix 1 to Part III of his “ Orientation for Coast Artillery.”

A report on magnetic variations recorded at the five observatories
at the time of the solar eclipse of May 29, 1919, was prepared for the
department of terrestrial magnetism of the Carnegie Institution of
Washington.

Reports on the magnetic storms of August 11, 1919, and March 22,
1920, were prepared for the Journal of Terrestrial Magnetism; also
an article explaining some of the methods adopted in the reduction
of work of our magnetic observatories.

Chapters on terrestrial magnetism and seismology were prepared
for the new edition of Special Publication No. 23, and the chapter on
terrestrial magnetism in “ General Instructions for Field Work?”
was revised. ,

An extended series of observations was made, in cooperation with
the division of geodesy, to determine the magnetic properties of the
new invar pendulums and the effect of the earth’s magnetism upon
their time of oscillation. :

A test was made as to the practicability of using a planimeter for
reading the hourly ordinates from magnetograms.

An investigation was made of the accuracy of the time scales of
our seismographs, which showed that in most cases a better time-
marking clock is needed. The experience with a chronometer at
Tucson indicates that the needed improvement can be secured in
that way. '

Compass data were supplied for 165 charts.

SEGREGATING THER RESULTS OF SURVEYS A BENEFIT.

The geodetic surveys by this Bureau cover large areas of the coun-
try. In the past it has been the practice to issue publications con-
taining the results of these surveys with reference to the area covered
by the particular arc of triangulation or line of precise leveling and
without reference to any geographical portion of the country. (See
fig. 50 opposite p. 136.) These surveys established the framework for

arge mapping and surveying J)rojects throughout the country, as
well as to determine State and national boundaries. Before these
surveys had been sufficiently extended to establish triangulation sta-
tions and elevations sufficiently numerous to be of use for local
projects but little attempt had been made to bring them to the atten-
tion of those interested in these local projects. Now that these sur-
veys are sufficiently extended to make the points determined suffi-
clently numerous to be of use locally, there is no reason why the data
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resulting from them, when the points are within available distance,
should not be used for these local projects. , :

- With this realization came the knowledge that the publications as
heretofore issued, covering, as they do, many States in the Union,
were not sufficiently known to local engineers. TFurthermore, it was
realized that to send out announcements regarding these publications
without a definite guide as to their contents would result in random
requests for them and a wasteful distribution. Therefore an en-
deavor was made to economically place the geodetic and other data
in the possession of this Bureau at the disposal of local civil engi-
neers and surveyors and to call them to the attention of all likely to
be interested in local surveying projects. In putting this informa-
tion into practical form, work is now in progress in making for each
State in the Union a separate digest of the geodetic publications
issued by this Bureau. p to the present time digests have been
made for Towa, Minnesota, and Illinois. These digests contain in
alphabetical order the counties in the State, and by a tabular arrange-
ment are shown in alphabetical order each place in each county where
our observations (triangulation, leveling, and magnetic) have been
made, the publication of the Bureau containing the data, and the
page in the publication where the data will be found. Each of these.
digests is accompanied by a small outline diagram of the State upon
which, by symbols, are shown where triangulation, leveling, and
magnetic observations have been made. (See fig. 9a.)

The response in requests for information resulting from the issue
of these digests is exceedingly gratifying and demonstrates the need
for some such means of economically bringing to the public the in-
formation that this Bureau has accumulated in its more than 100
years of existence and of which the public heretofore has had too
little acquaintance.

PUBLICATIONS 1SSUED DURING THE YEAR.

Serial No. 104. U. 8. Coast Pilot, Philippine Islands. Part 1. Luzon, Mindoro,
and Visayan. First edition, 1919. Octavo. ° .
Contains sailing directions for and descriptions of the coasts of these
islands for the use of navigators, Covers the area formerly included in
Sections I to IV of the Philippine Islands Sailing Directions.

Serial No. 108. Pacific Coast Tide Tables for Western North America, Eastern
Asia. and Many Island Groups for the Year 1920.

(Reprinted from General Tide Tables for the year 1920.)

Serial No. 110. General Theory of Polyconic Projections. By Oscar S. Adams,
geodetic computer. Special Publication No. 57. 174 pp. 1 map, 48 figs.

In this volume an attempt has been made to gather together all of the
investigations that apply to the systems of polyconic projections for maps.

Serinl No. 111. Geodesy. General Instructions for Precise and Secondary
Traverse. Special Publication No. 58. 49 pp. 5 figs. Octavo.

Designed for highest class of traverse, equal in accuracy to primary
triangulation, and for secondary traverse comparable in accuracy with
secondary triangulation.

Serial No. 112. Grid System for Progressive Maps in the United States. By
Willlam Bowie, chief, division of geodesy; major of engineers, U. 8. Army,
1918-1919; and Oscar S. Adams, geodetic computer. Special Publication
No. 59. 227 pp. 6 fig. Octavo. .

Contains a description of the grid system devised for use in surveys and
maps of the United States, and the method of using the same, with a table
of grid coordinates for five-minute intersections covering an area 09° wide
in longitude and 21° 20’ in length in latitude. These tables can be used
for the whole area of the United States proper by changing the designation
of the longitude to fit the particular zone needed.
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Serial No. 118. A Study of Map Projections in General. By Oscar S. Adams,
geodetic computer. Special Publication No. 60.* 24 pp. 15 figs. Octavo,

In this publication an attempt has been made to treat in a simple way
some of the fundamental ideas that underlie the subject of map projec-
tions in general.

Serial No: 115. General Tide Tables for the Year 1920. 497 pp. 7 figs. . Octavo.
Price, 50 cents. i

Gives tidal data for the principal seaports of the United States and for
many foreign ports, and tables by means of which tides may be calculated
for other localities. Also current tables and diagrams for many localities
and tables of sunrise and sunset and moonrise and moonset.

Serial No. 116. Supplement to U. S. Coast Pilot, Atlantic Coast. Section D,
July 18, 1920. 27 pp. Octavo. .

Gives the more important corrections and additions affecting the text
of the Coast Pilot volume since its publication.

Serial No. 117. Supplement to U. 8. Coast and Geodetic Survey Catalogue of
Charts, Coast Pilots, and Tide Tables, 1918. ' 6 pp. Quarto. August 15, 1919,

Gives corrections to the list of published charts, coast pilots, and tide
tables.

Serial No. 118. Catalogue of Charts, Coast Pilots, and Tide Tables. January 2,
1920, 218 pp. 85 figs. Quarto.

Corrected to date of issue. Lists 659 charts, besides miscellaneous maps ;
also topographic maps compiled by the Philippine Government.

Serial No. 119. Catalogue of Charts, Sailing Directions, and Tide Tables of the
Philippine Islands, 1920.

(Reprinted from the General Catalogue of Charts, Coast Pilots, and
Tide Tables.) } :

Serial No. 120. Physical Laws Underlying the Scale of Sounding Tubes. By
Walter D. Lambert, geodetic computer. Spécial Publication No. 61. 45 pp. 2
figs, Octavo.

Contains development of general formulas for sounding tubes, and numeri-
cal data and tables for the new sounding tube of the Coast and Geodetic
Survey.

Contains also a compilation of physical data likely to prove convenient
in a further study of the subject.

Serial No. 121. Special Publication No. 62, Triangulation in Rhode Island. By
Earl F..Church.: . .

97 pp. 1 pl. 8 text fig. Octavo.

Serial No. 122. Inside Route Pilot, Key West to New Orleans, 1919. Second
edition. 82 pp. 6 maps in pocket. Octavo. Price, 10 cents,

Describes the inside routes along the Gulf of Mexico between Key West
and New Orleans. The maps show routes practicable for small vessels.
Serial No. 123. Atlantic Coast Tide Tables for Eastern North America for 1920.

(Reprinted from the General Tide Tables for the year 1920.)

Serial No, 124. Pacific Coast Tide Tables for the year 1921.

(Reprinted from General Tide Tables for the year 1921.)

Serial No. 125. Terrestrial Magnetism. Alaska Magnetic Tables and Magnetic
Charts for 1920, By Daniel L. Hazard, assistant chief, division of terrestrial
magnetism. Special Publication No. 63. 31 pp. 3 mups in pocket. Octavo.

Contains observed and reduced results of the most recent magnetic obser-
vations in Alaska and adjacent regions, The maps show, respectively, lines
of equal magnetic declination, inclination, and horizontal intensity.

Serinl No. 127. Inside Route Pilot, New York to Key West. Fourth edition.
1920, - 93 pp. 8 charts in pocket. Octavo, Price, 20 cents.

Serial No. 128, Terrestrial Magnetism. Results of Magnetic Observations Made
by the United States Coast and Geodetic Survey in 1919. By Daniel I.
Hazard, assistant chief, division of terrestrial magnetism. Special Publiea-
tion No. 64. 27 pp. Octavo.

Gives results of magnetic observations at the magnetie observatories and
in the fleld in 1919.

Serial No. 129. Leveling. "Terrestrinl Magnetism. Digest of Geodetic Publica-
tions Issued by the United States Coast and Geodetic Survey Resulting from
Surveys in the State of Towa. 6 pp. 1 fig. Octavo.

Summary of results of geodetic surveys in Iowa available for engineers.

Serial No, 130. Geodesy. Instructions to Light Keepers on Primary Triangula-
tion.. Special Publication No. 65. 51 pp. Duodecimo. .

Gives detailed instructions in regard to signaling, care of electric signal
lamps and batteries, accounts, ete.
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Serial No. 131. Digest of Gegdetic Publications Issued by the United States
Coast and Geodetic Survey Resulting from Surveys in the State of Minnesota.
Triangulation, leveling, variations of compass. 1920. 12 pp. 1 map

Summary of results of geodetic surveys in Minnesota available for
engineers.

Annual Report of the Superintendent of the United States Coast and Geodetic
Survey for the Fiscal Year Ended June 30, 1919. 150 pp. 6 pl. 40 maps,
Octavo. Cloth.

Contains report of the work done during fiscal year ending June 30, 1919;
of conditions in the service occasioned by the war and the rise in living
costs; of need for reestablishment of normal conditions in the service; need
of new building; illustrated by diagrams and maps.

Two New Base Maps of the United States. Description by Charles H. Deetz.
44 pp. Octavo.

A brief description of two base maps recently constructed by this Bureau,
one on Lambert’s zenithal equal area projection and the other on Lambert’s
conformal conic projection with two standard parallels,

Coast Pilot Notes on the Hawaiian Islands. Second edition. 60 pp. Octavo.
August 15, 1919. Price, 20 cents.

Supplement to United States Coast Pilot. Section D. January 2, 1920. 25
pp. Octavo.

This supplement gives the more important corrections and additions
affecting the text of the Coast Pilot volume since its publication. The sup-
plement is printed on one side only, so that it may be cut up and the slips
inserted on the pages affected.

Notices to Mariners. Issued weekly, jointly with the United States Bureau of
Lighthouses. Nos. 1-52. )

Philippine Islands Notices to Mariners. Nos. 2, 3, 4 of 1919 and No. 1 of 1920,

Coast and Geodetic Survey Bulletin. Issued monthly, July, 1919, to June,
1920, inclusive.

NEW CHARTS AND NEW EDITIONS OF CHARTH.
New charts:.
187a. Western approach to Pensacola Bay, Fla. and Ala.
220. Stratford to Sherwood Point.
221. Sherwood PPoint to Stamford Harbor, Conn.
224, Oyster and Huntington Bays, south shore of Long Island sound
245. Harbors of Plymouth, Kingston, and Duxbury.
801. Calais to West Onoddv Hedd
1209. Nantucket Sound and approaches.
1266. Mobile Bay and entrance, Ala.
1267. Mississippi Sound and approaches, Dauphin Island to Cat Island.
1268. L.ake Borgue and approaches,
4314. Northern part of Busuanga.
4319. Green Island Bay, Palawan and vicinity, P. L.
4355, Harbors on Dumaran Island, P. 1.
81U2. Hecate Strait to Itolin Island.
8152. Dixon entrance to Chatham Strait.
New editions of charts:
101. Calais to Little River, including Gobscook Bay, Me.
154. Isle of Palms to Hunting Island.
156. Savannah to Sapelo Island,
157. Sapelo Island to Amelia Island.
158. St. Marys entrance and southward to latitude 80° N
159. St. Augustme Inlet to Halifax River, Ila.
166. Key Biscayne to Carysfort Reef.
167. Elbow Key to Matecumbe Key.
169. Newfound Harbor Key to Boca Grande Key.
204. Galveston Bay.
243, Ipswich Bay to Gloucester Harbor.
245. Harbors of Plymouth, Kingston, and Duxbury
248, Boston Irner Harbor.
276. Harbors of Refuge at PPoint Judith and Block Island.
278. Providence River and Head of Narragansett Bay.
274, Harlem Rliver,
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New editions of charts—Continued.

284,

208,
317,
325.
320,
330.
352.
353.
366.
369.
381,
400.
4138.
428,
431.
434,
440.
445.
450.
494.
525.
541,
560,
584.
908.
950.
1111,
1205.
1206.
1208.
1211
1214,
1222,
1229,
1232,
1269.
4109.
4219,
4346.
4347.
4416.
4454,
4714,
4716.
4720,
5532.
5602.
B69TL.
5984.
6003,
6023,
6112.
6122,
6153.
61564,

6380.
6400.

6443,
6448,
6451,
7002,
8068.

Hudson River—Corsackie to Troy : :
New London Harbor and Naval Station.
Winter Harbor, Schoodi¢ Peninsula.
Portland Harbor, Me.

Portsmouth Harbor.

Isles of Shoals.

Providence Harbor, R. 1.

Narragansett Bay, R. 1.

Henmpstead Harbor.

New York Harbor, N. Y. and N. J.
Philadelphia water front, Schuylkill River.
Hampton Roads.

Pensacola Bay entrance.

Winyah Bay.

Charleston Harbor.

North Edisto River,

33

Tybee Roads, Savannah River, and Wassaw Sound (2 new editions).

Charleston and vicinity.

Satilla River, Bailey Cut to Burnt Fort, Ga.

York River, entrance to Yorktown.
Brazos River entrance.

New York Harbor, Upper Bay and Narrows, N. Y. and N. J,
Potomac River, Mattawoman Creek to Georgetown.

Key West Halbm and approaches.
San Juan Harbor.

Colon Harbor, Canal Zone.
Charleston Light to Cape Canaveral.
Cape Elizabeth to Portsmouth.
Portsmouth to Cape Ann.

Cape Cod Bay.

Block Island Sound.

Shinnecock Light to Fire Island Light.
Chesapeake Bay entrance.
Currituck Beach to New Inlet.

Cape Hatteras, Wimble Shoals to Ocracoke Inlet.

Tiakes Pontchartrain and Maurepas.
Honolulu Harbor, .

Passages between Luzon and Masbate, and Sorsogon Bay.

Harbors of Palawan Island, P. 1.
Harbors of Balabac Island, P. I.
Iloilo and Guimaras Straits.

Harbors of Burias and Ticao Islands and Ragay Gulf, P. I.

Southwestern Tuzon and Mindoro.
Palawan Island.

Balabac Strait and approaches.
San Francisco entrance.

Point Arena to Trinidad Head.
Coquille River entrance.

Coos Bay.

Umpqua River enfrance.
Siuslaw River,

Tillamook Bay, Oreg.

Nehalem River.

.Columbia River from Grims Island to St. Helens.

Columbia River, St. Helens to Willamette River, including Vancouver

and Portland. (2 new editions.)
‘Washington Sound.

Seacoast and interior waters of Washington, from Grays Harbor to

Semiamoo Bay.
Port Orchard, northern part, Puget Sound.
Byerett Harbor and approaches.

Commencement Bay and city of Tacoma, Wash.

Cape Flattery to Dixon entrance.

Custom House Cove and Mary Island anchorage.

12783—20—3
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New editions of charts—Continued.
8077. Harbors in Prince of Wales Island.
8170. Wrangell Harbor.
8300. Lynn Canal and Stephens Passage,
8302. Lynn Canal, entrance to Point Sherman.
8304. Icy Strait and Cross Sound, Port Frederick to Cape Spencer.
8520. Prince William Sound, eastern entrance,
8550. Prince William Sound.
8588. Port Chatham, Alaska.

Of the publications mentioned above issued during the fiscal year
there are some that are important enough to justify special mention.
One of these is an outline base map of the United States on the
Lambert zenithal equal-area projection, scale 1:7,500,000, dimensions
192 by 25% inches. This map covers the whole of the United States,
including the northern part of Mexico. Only State names and bound-
aries, principal rivers, capitals, and largest cities are shown, the chief
object being to furnish a base map for political, census, or statistical
purposes on a projection in which the property of equivalence of
area is one of the essential features. It 1s the first publication of a
projection of this type by the Bureau.
he two errors, to one or both of which all map projections are
liable, are changes of area and distortion, as applying to portions of
the earth’s surface. The former error is perhaps best illustrated by
the Mercator projection, in which a unit of area at the Equator 1s
represented by one approximating infinity as we approach the pole,
the projection being thus responsible for many false impressions of
the relative size of countries differing in latitude. Likewise,the poly-
conic projection, when used for the whole of.the United States has
the serious defect of exaggerating the areas of its eastern and western
limits. Errors of distortion imply deviation from right shape in the
graticuies or network of meridians and parallels of the map, involv-
ing deformation of angles, curvature of meridians, changes of scale,
and errors of distance, bearings, or area.

In the Mercator projection, as well as in the Lambert conformal
conic projection, the changes in scale and area can not truly be con-
sidered as distortion or as errors. A mere alteration of size in the
same ratio in all directions is not considered distortion or error.
These projections being conformal, both scale and area are correct
in any restricted locality when referred to the scale of that locality,
but as the scale varies in latitude from point to point large areas
are not correctly represented. ‘

Inasmuch as the favorable showing required to meet any particular
mapping problem necessitates the sacrifice of other less desirable
properties, the choice of a projection should be made the subject of
special study, and, as a rule, that system of projection should be
adopted which will give the best results for the area under considera-
‘tion. The use of a projection to which it is not suited is, therefore,
generally unnecessary and should be avoided. On the one hand,
a projection may be constructed in which there is no change of area,
as in the projection under consideration, but with distortion for
localities that are distant from the center; on the other hand, a pro-
jection may have little distortion but great change of area in dis-
tant parts. Between these lie the properties usually adopted by geog-
raphers with the tacit purpose of greatly reducing the error of one
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kind by the admission of a small error of the other kind, so that the
result of their combination shall be most advantageous to the gen-
eral use of the map. .

In the Lambert zenithal projection the zenith of the central point
of the surface to be represented appears as pole in the center of the
map; the azimuth of any point within the surface, as seen from the
central point, is the same as that for the corresponding points of the -
map; and from the same central point, in all directions, equal great-
circle distances to points on the earth are represented by equal linear
distances on the map. The amount of scale error as we depart from. .
the center of the map radially increases (scale becoming smaller).
while in a direction at right angles thereto the scale is by the same:
amount too great. For a-distance from the- assumed center of the
map equal to 22° of arc of a great circle, an extent embracing the
whole of the United States, the maximum scale error is but 1§ per
cent. The amount of this error is less than one-third of the scale
error in a polyconic projection of the same area, while the direction
errors (errors of angles and azimuths) are likewise considerably less
than in the latter projection. ,

Whereas the Lambert conformal and the polyconic projections are
suited to areas of large extent, the former for predominating east
and west dimensions and the latter for predominating north and
south dimensions, the zenithal projection is specially suited to large
areas of circular outline, the reason for its selection in the present
base map being governed by the inclusion of a large extent of Mexico
within its limits.

The more essential or desirable feature of the projection under con-
sideration, however, and the one that will meet numerous modern
demands, is the property of equivalence of area. An equal area or
equivalent projection is one in which areas on the projection are
proportional to the corresponding areas on the sphere; that is, any
portion of the map bears the same ratio to the region represented by
it that any other portion does to its corresponding region. ‘

The useful property equivalence of area as a controlling element
to be ascertained directly from the map gives the Lambert zenithal
projection a place in cartography accordingly as the shapes of
extensive areas have approximately equal magnitudes in all direc-
tions.

Another base map of the United States was developed during the
%ear on the Lambert conformal projection on a scale of 1: 5,000,000,

he dimensions of this map are 25 by 89 inches.

. This map is similar to the one on the zenithal equal-area projection
in general treatment. It is larger in scale, however, but embraces a
lesser extent of latitude, being limited to the area of the United
‘States, whereas the zenithal equal-area map includes the greater
portion of Mexico. The map is of special interest from the fact
that it is based on the same system of projection as that which was
employed by the allied forces in the military operations in France.
his projection is also used in a map covering the North Atlantic
cean, including the greater part of North America and Europe.

The term “conformal” has been defined as follows: If at any

‘point the scale along the meridian and the parallel is the same (not
correct, but the same in the two directions) and the parallels and
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meridians of the map are at right angles to one another, then the
shape of any very small area on the map is the same as the shape
of the corresponding small area upon the earth. The projection is
then called orthomorphic (right shape).

The value of this new outline map can best be realized when it is
stated that throughout the larger and most important part of the
United States—that is, between latitudes 804° and 47}°—the maxi-
mum scale error is oniy one-half of 1 per cent. Only in southern-
most Florida does this projection attain its maximum scale error of
2% per cent. This implies, however, an error in the areas at these
extreme parts of 5 per cent. Although this error in area may be
accounted for by methods already described, the zenithal projection,
on the other hand, is free from this inconvenience. .

The choice, then, between the Lambert zenithal and the Lambert
conformal for a base map of the United States, disregarding scale
and direction errors which are conveniently small in both projections,
rests largely upon the choice of equal areas as represented by the
zenithal and conformality as represented by the conformal conic
projection, the former properly appealing directly to the practical
use of the map, the latter property being one of mathematical re-
finement and symmetry with definite scale factors available, the
projection having two parallels of latitude of true scale, the advan-
tages of straight meridians as an element of prime importance, and
the possibilities of indefinite east-and-west extension without in-
crease of scale error. For the purposes and general requirements
of a base map of the United States, either of these recent publica-
tions of the United States Coast and Geodetic Survey offers advan-
tages to qther systems of map projection heretofore in use.

Comparison of errors of scale and errors of area in a map of the
United States on three different projections follows: ‘

Maximum scale error: Per cent.
Polyconic projection ...
- Lambert conformal conic projection with standard parallels of lati-
tude at 33° and 45° — S 23
(Between latitudes 304° and 473° only one-half of 1 per cent.) .
Lambert zenithal equal-area projection : 13
Maximum error of drea:
Polyconic e e e e e e e e e e e e 7
Lambert conformal conic 5
Lambert zenithal 0
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The length of Coast Line as given above represents the General Coast Line measured
in unit steps of 30 minutes of latitude (=35 statute miles).

With unit steps of 3 stafute miles,the comparative lengths of fidal shoreline are as follows:
Alasha: oo e e I e s A e e s Lt J5,132 Statute miles
United States (Atlantic, Gulf and Pacific Coasts)._ __ _____ ___ 12,877 Statute miles

The use of a smaller measuring unit gives 26,376 statufe miles of shoreline for Alaska. which,
when the survey is completed, may be increased 40 per cent.



Part II.FIELD WORK AND NEEDS OF THE FIELD
SERVICE.

CHAPTER 1.
ALASKA NEEDS IMMEDIATE, DEFINITE, AND ADEQUATE RELIEF.

Alaska has had much written about her,.our great frontier coun-
try with its 26,000 miles of coast line; but there has never been a
well-defined and concentrated effort on a big business scale to develop
the Territory as it should be done. For 53 years we have gone
along giving this vast and rich empire a “dab of paint” here and
there, but no definite policy has ever been suggested that has been
fully and comprehensively carried out. The result has been much
complication and continued neglect. ‘

The Coast and Geodetic Survey is a very interested and vital
agency in the safe development of Alaska. It can be said with no
fear of being contradicted that on this arm of the Federal Govern-
ment rests, and properly should rest, the responsibility of erecting
the steel structures, so to speak, in building up this great Territory.

It is peculiarly appropriate in the proper development of any
frontier territory to look to the safeguarding of its people, and the
'safety in erecting the foundation paves the way for future success.

Alaska, with its miles of detailed coast line, can not be approached
without plying the waters that nearly surround it. On the east are
gigantic mountain ranges that may never be surmounted by railroads.
Therefore, the only means to get to Alaska’s seaport towns is by
means of ships. It thus follows that the protection of these vast
water areas by the most careful surveys in locating hidden dangers is
the essential step in the Territory’s proper development. Alaska’s
waterways are her gateways and her highways of commerce, and cer-
tainly the first protection should be given these before the coast or
interior can have its proper development. (See fig. 10.) It will be
interesting to know, however, that in 53 years they have had to spend
in Alaska on this work only $4,067,578, or an average annual ex-
penditure of $78,223. Appropriations in 11 years for the construc-
tion and maintenance of military and post roads, bridges, etc., for the
interior of Alaska, have been $2,120,000, or an average annual appro-
priation of $192,778. Congress has appropriated for a Federal Gov-
ernment railroad from Seward to Fairbanks $48,000,000. These
figures are not given in a spirit of criticism, but, on the other hand,
simply to show what a small proportion the Survey has had, which
has resulted in great retardation of work that should invariably pre-
cede development of a new country. In comparison with the amounts
given for tltx)ese other two objects it is a mere pittance.

“The Survey has had a difficult problem to contend with in this
half century’s work in Alaska. It has been sorely handicapped with
vessels that were in almost every instance not adapted to the work

37
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in Alaska and unable many times to cope with the unusual weather
conditions of that region. Many times the officers and crews of these
craft have had to cease operations and seek harbors of refuge from
storms, which often put not only their lives but the vessels as well
in actual jeopardy.

The exports from Alaska for the last 53 years have amounted to
about $943,000,000, reaching a high-water mark the past year of
about $94,709,359, and this does not include, of course, the great
amount of fish, lumber, and other products of the Territory that have
been consumed by its population.

The imports to Alaska for the past 53 years have amounted to
$547,400,000, reaching the high-water mark in 1918, $146,020,124.
These figures are to show briefly the enormous amount of shipping
Jecessary to handle this large amount of trade.

For the first 30 years after the purchase of Alaska by the United
States a few small vessels only were required for the commerce
between Alaska ports and the ports on the Pacific coast of conti-
nental United States. In 1919 there were over 4,000 vessels, with a
tonnage of over 2,000,000, entering and clearing Alaska; but instead
of having vessels of 10 or 12 feet draft, as were the earlier ones, we
now have them up to 28 feet. In other words, when the work of the
Coast and Geodetic Survey is at its lowest ebb there, Alaska’s pros-
perity is greater than ever before.

Few people realize or even think of the Territory’s enormous area.
From Dixon Entrance, on the international boundary line, to the
farthest Attu Island it is nearly 3,000 miles. Along this stretch of
coast there are about 465 islands in Alaska containing 1 or more
square miles and innumerable smaller ones. The longest island is
Prince of Wales, 131 miles long and 39 miles wide, while Kodiak
Island has the largest area, 101 miles long and 63 miles wide—equal
to the combined areas of Connecticut and Rhode Island. .

The total area of Alaska is 586,400 square miles, or nearly twice
the size of the original 13 States of the Union. To this we can add
seven other States cast of the Mississippi River, and still we do not
have the amount of area in Alaska. Norway, Sweden, Finland,
England, Scotland, and Ireland do not contain as much territory as
Alaska. Germany, France, and Spain have only a trifle more area
than this Territory.

MANY UNDEVELOPED HARBORS OF ALASKA.

Unlike the waters adjacent to the States bordering on the Pacific
coast, Alaska has many fine harbors; and, except a stretch beginning
at Cross Sound, in southern Alaska, and extending to Controller Bay,
Prince William Sound south, central Alaska, a distance of 275
miles, where there is only one harbor of refuge for vessels (Yakutat
Bay), over the many miles of Alaska’s coasts nature has provided
bountifully for ships and shipping in splendid harbors.

In this respect the south coast of Alaska resembles Norway and
Sweden, her harbors being so numerous as to meet every demand
for the future development of the entire Territory. In Bering Sea,
northward and eastward of Unimak Pass, the harbors are not so
plentiful and are characterized by shoals in the approaches. This
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makes it specially necessary that accurate surveys be made in order
to permit safe navigation. There is little accurate knowledge avail-
able in connection with the many bays adjacent to the mainland, and
more especially about the many islands of Alaska.

Not until ‘these are properly safeguarded can it be hoped that
they will be properly or permanently developed. _

With the great demand for paper and substitutes for wooden boxes
the country is looking to Alaska for the supply of raw materials.
Never in the history of Alaska has there been such a centering of in-
~ terest on these important products that have been so scarce and in such

demand in the past two or three years. One of the first conditions
looked for by those who are interested in building paper mills or
factories are good harbors and cheap power. Alaska abounds in
both. Hundreds of harbors adequate for the carrying of large
vessels and conducting manufacturing plants are in southern Alaska,
and in close proximity to many of them is wonderful water power
that is only waiting to be put to proper use. The anticipated de-
velopment along these lines is about to be realized, but the principal
forerunner for encouraging this development is to safeguard the
waterways by completed surveys. In very few instances isthis done.
Now the demand by the public for surveys of many of these harbors
is being made, and to prevent further delay it would require vessels,
more men, and sufficient money to bring about the imperative initial
step to this very important commercial development.

HOW LITTLE THE PRESENT CHARTS MEAN TO MARINERS.

An important difference between Alaska waters and those of the
continental. United States is that scarcely enough work has been
done to let us know. just how much must be done to complete the
charts. It is estimated that 90 per cent of the water areas of Alaska
are unsurveyed or insufficiently surveyed. (See fig. 11.) The de-
velopment of the country has outstripped the progress of surveys,
not only because of the few vessels and parties engaged in the work,
but because of the great length of coast over which the various
activities are scattered and the intricate system of channels for so
much of its extent.

In order to appreciate the need of rapidly extending surveys of
these waters it should be clearly understood that Alaska’s only con-
nection with the rest of the world is by the water routes.

The Government railroad now being built and the other existing
lines are not trunk lines in so far as connection with the continental
United States and Canada are concerned. The only trunk line is the
waterway from various ports in Alaska to Puget Sound and other
west-coast ports. The Alaska railroads and local steamboat lines
are feeders only. The industries, which include chiefly mining of
gold and copper on an immense scale, and®of various other minerals
to a less extent, fisheries, especially salmon canning, but also supply-
ing halibut and other fish to the market, agricultural grazing, and
lumbering, the last two of minor importance but developing, are scat-
tered everywhere, and connection with the principal ports is by boat
alone. The principal towns are on good harll))ors Suitagly located with
réference to the steamer routes and the more important mines and
canneries, and any town that loses any of these advantages soon de-
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clines in importance. In practically all cases the canneries and mines
along the shores are generally visited directly by steamers.

The amount of these natural resources, ripe for exploitation, has
been so great and the prize they offered so tempting that transporta-
tion could not wait for the Government to make the way to them
secure. It has gone ahead, finding its own path to each new field,
suffering great losses in so doing, but content to suffer them because
the returns were so immensely greater.

WHAT THE TOLL HAS BEEN IN WRECKS.

It is impossible to give an accurate list of hundreds of vessels that
have stranded, foundered, and been total wrecks in the waters of
Alaska during the past 53 years. The records which have been some-
what neglected, especially 1n the earlier history of this comparatively
new possession of the United States, are anything but complete, but
they are sufficiently known to convey to the minds of those who are
interested a most harrowing condition that has existed during more
than half a century. While it should not be understood that all of
these disasters have been caused by lack of proper sailing charts and
lack of knowledge of currents, it can be said that the greater portion
of the wrecks have been directly due to the lack of accurate nautica
information, which can be furnished by proper surveys. ‘

" Accidents to vessels in Alaskan waters have caused the loss of hun-
dreds of lives and property to a value not far from twenty-five
millions and which would represent to-day with the high cost of ship-
building at least 50 per cent more. It will appeal to many as a
matter of very poor economy that there is so little protection given to
human life an(f) vessel property employed in building up this truly
great and remarkable empire of the United States.

From 1867. to 1919 there have been approximately 468 vessels
wrecked in Alaskan waters with a loss of about 985 lives.  Among
these vessels were large sailing craft, as well as freight and passenger
vessels; also some Government vessels. When we stop to think for a
moment of this enormous loss, and consider alone that the National
Government has suffered the loss of three splendid vessels worth more
than a million and a half dollars or over one-third the total amount
appropriated for surveys of Alaska in 53 years the serious side of the
question is emphasized, especially when we think how much could
have been done with this money 1if it had been applied in surveying
the waters of Alaska.

WHY UNSURVEYED WATERS RETARD ALASKA’S DEVELOPMENT.

The history of the industrial development of Alaska shows that,
almost without exception, the establishment of industries and com-
merce has preceded, rather than followed, the surveys of the locality
and that their establishment and development have been greatly re-
tarded and oftentimes entirely suspended by the lack of such surveys.
The following cases are given to illustrate t{lese conditions:

Deposits of excellent marble were discovered in Davidson Inlet,
and a company was organized to quarry the rock and ship it to-
Seattle. However, as the approaches to the quarry were incompletely
surveyed, the steamship companies refused to send their vessels there,
and, thus denied transportation, the marble company was helpless.
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Finally, one of the steamship companies sent one of its pilots to
the locality to report on the feasibility of sending in vessels in ad-
vance of complete surveys. The examination made by this pilot
revealed so many uncharted dangers in the approaches that the
company demanded a prohibitive price for permitting its vessels
to enter.

The Coast and Geodetic Survey was appealed to, and a Survey
steamer made a detailed survey of the harbor and its approaches.
The result of this survey, while confirming the dangers previously
reported by the pilot, developed a practical channel through them,
with the result that large quantities of marble are now being shipped
annually to Seattle. ‘

An outcropping vein of gold-bearing quartz was discovered in
Khaz Bay, on the west coast of Chichagof Island. Development
work, begun immediately, showed the claim to be a rich one; por-
tions of the uncovered vein showed nuggets and wires of free gold,
and assays made of certain choice samples showed the gold contents
running as high as $2,200 per ton of ore.

Yet, rich as was the vein, the owners were helpless to profit from
it. The mine was at the head of a small bay which, with the waters
leading to it, was unsurveyed, but known to be foul and dangerous;
vessels passing along the coast could see large areas of reefs with
jagged rocks showing above the surface. - Therefore, the steamship
companies refused to send in their vessels, to bring in mining ma-
chinery, or to carry out ore, except at a prohibitive cost. And there
are many other instances of similar nature where lack of accurate
surveys has prevented development. '

COMPLETE SURVEYS NEEDED.

Because of the rapidly increasing commercial impértance of
Alaska, it is imperative that the present conditions as regards survey
work be remedied by means of complete surveys carried on in a sys-
tematic manner and extended with all possible rapidity.

In order to appreciate the immediate need for this work, it must
be clearly understood that Alaska’s only connection with the rest
of the world is by water routes. The millions of dollars that are
being expended to build the Government-owned railroad to the in-
terior of Alaska; the large amount of private capital that has been,
and will be, spent to develop her mines, to build up her fishing in-
dustry ; the certain early opening of the vast coal fields; the utilizing
of the great timber resources for paper and lumber; all this would be
wasted and her vast resources would be worthless if vessels could not
reach and enter her ports or visit the railroad terminals, canneries,
and nearest ports as outlets to the many mines, grazing areas, etc.

And it is a fact, at the present time, there are few passages that
can be navigated and few harbors that can be entered by a vessel
with the assurance that the near-by shore line and landmarks and
the contour of the bottom over which she is traveling are accurately
shown on the charts, or that the hidden dangers that may lie in her
path have all been discovered and charted.

That, in the past, instead of blazing the trail for water-borne com-
merce, the Coast and Geodetic Survey, because of lack of funds and
essential equipment, has been forced to lag far behind is as deplor-
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able as it has been unavoidable. The time has now come, however,
when we must face the issue squarely and realize that the interests of
passengers, commerce, shipowners, navigators, and those who have
invested their capital in Alaska’s industries must be safe-guarded by
adequate surveys prosecuted vigorously and on a much larger scale
than heretofore. Even then it will take time before the surveys can
reach a point where they can meet the present needs of commerce;
and it must not be overlooked that the time is not far off when our
" naval vessels will frequent Alaska’s waters in numbers.

Scarcely enough work has been done up to the present time to give
an accurate idea of the amount of survey work that will be required.
The following, however, may be taken as a general statement of con-
ditions along this line. .

In southeastern Alaska the first and most obvious need is to com-
plete the surveys and especially wire-drag work. - Only the principal
channels of these waters have been fairly well sounded, so that de-
tailed surveys and wire dragging necessary to complete the survey.
The importance of wire-drag work in this locality and in other parts
of Alaska will be discussed under a separate heading.

In many regions only scattered surveys have been made. Com-
plete hydrographic and topographic surveys must be made of all
passages, bays, and harbors. In practically every case this work must
be supplemented by wire-drag surveys, and many localities in which
the ordinary hydrographic surveys have already been completed
must be dragged. :

On the outer coasts soundings must be extended for a sufficient dis-

‘tance offshore to enable the navigator to determine the distance of
his vessel from land in thick weather by use of the lead and to fully
develop the great fishing banks, which are among the most extensive
in the world. On the outer coasts wire-drag surveys will be re-
quired only at critical points and in the approaches and entrances
to the numerous bays and passages. :

MODERN VESSELS AND LAUNCHES NEEDED.

In the preceding pages it has been the desire to give a clear idea
of the present conditions in Alaska, as far as they relate to its coast
surveys. It is the present purpose to consider the means at hand
and those that are needed to bring these surveys to such completeness
that the loss of vessels can not be ascribed to lack of reliable charts
and sailing directions.

In the past the Bureau has been inadequately equipped for this
work, but conditions are not much better now when the commerce of
Alaska exceeds anything in its history and is increasing by leaps
and bounds. Since the Government is spending vast sums to pro-
vide a merchant marine, it is “ good business” to take normal pre-
cautions that these vessels may safely navigate the waters of our
great frontier country. . *

Personal observation of these conditions was made in a number
of instances this year. Companies were anxious to get machinery
across unsurveyed waters, and shipping of products out of Alaska
was retarded, and in some cases nothing was accomplished, as the
steamship companies absolutely refused to risk going into waters
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not properly charted and will continue to do so until the waters are
made safe for navigation. '

Take the town of Ketchikan. Where a general survey in the im-
mediate vicinity of the original docks was sufficient a few years
ago, now a mile north of the town a closer survey on a larger scale
is very much needed. Ten times as many docks have been built, and
steamers will not stop to pick up exports or bring in supplies with
information inadequate to protect their vessels. .

The natural resources of Alaska have so tempted commerce that
vessels have ventured into those regions far in advance of adequate
surveys. The means of the Coast and Geodetic Survey for chartin
Alaskan waters have been and are so limited that the best that coulg
then be done and can now be done is to shift from place to place
and make examinations where industry has precedeg surveys and
dangers have been found by vessels striking them or where industry
has established itself and demands a local survey.

The equipment for these surveys is so limitedY that no definite plan
can be laid for their ultimate completion or for the issuing of charts
that will be guides to all parts of Alaskan waters. ]

The making of surveys and supplying of reliable charts for the
urgent needs of Alaska is a question of the number of modern sur-
veying vessels and wire-drag launches available for the work. Poor
equipment is uneconomical from every angle.

IMPORTANCE OF WIRE DRAG.

Ordinary hydrographic surveys are made with a launch or other
vessel, which proceeds back and forth across the area to be surveyed
until the entire area is covered by a system of sounding lines, usually
parallel. The distance between the sounding lines depends on the
depth and nature of the bottom and the importance of the locality.
As the boat follows these lines the depth of water is obtained by
means of a lead and line, cast at regular intervals from the boat.
Such surveys must be made in all regions in order that the contour
of the bottom beneath the surface of the water may be known; and
along the sandy portions of our coasts surveys by this method may
be sufficient. '

" This is decidedly not the case, however, in regions where there are
obstructions of small area,such as pinnacle rocks, bowlders, and sharp,
rocky ledges, for it is only by chance that they can be found by an
ordinary hydrographic survey. It is difficult to explain just how
elusive these dangers are when sought with the hand lead. Let us
consider, as an analogy, a balloon drifting slowly over a town.
Imagine the difficulty of throwing a weight attached to a line and
hitting the tip of a church spire or the gabzie of a house as the balloon
passes over them, and remember that the hydrographer not only can
not see the obstruction beneath the surface, but does not even Know
. that it exists. ,

It has, therefore, been necessary to supplement ordinary hydro-
graphic surveys by some means of finding all of these dangers in
regions where they exist, and for this purpose the Coast and-Geodetic
Survey uses an apparatus known as the wire drag. Starting on the
Atlantic coast in 1904 the Survey has gradually developed and per-
fected equipment and methods of operation until at the present time
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the modern wire drag is a wonderfully efficient mechanism capable
of covering large areas rapidly and finding therein every danger to
navigation that exists.

Stated briefly, the wire drag consists of a horizontal wire main-
tained at any desiréd distance below the surface of the water by an
arrangement of weights and adjustable upright cables extending up
to surface buoys.  This apparatus is towed by two launches, one at
each end. As the drag passes through the water it will catch and
show the location of any obstruction extending above the plane of
the horizontal wire. Knowing the location of the obstruction, the
least depth on it can be easily found by sounding with lead and line
from a small boat.

That pinnacle rocks, the most dangerous of all obstructions to navi-
gation, are present in Alaskan waters can be easily predicted from a.
study of the adjoining land areas; and in a few cases such rocks, their
existence indicated by kelp extending up to the surface of the water,
were discovered by hydrographic parties. With the increase in the
commercial importance of Alaska and the number of ship plying her
waters came an increase in the number of accidents to vessels, with
loss of life and property; and the fact that many of these accidents
were due to striking uncharted rocks caused a realization of the
fact that not only do pinnacle rocks exist in large numbers, but that
they occur in the most unexpected localities. It was, of course, evi-
dent that all these dangers must be found in order to safeguard ves-
sels navigating the waters of Alaska, and wire-drag work was ac-
cordingly started in 1914. Since that time it has been prosecuted as
rapidly as funds would permit. (See figs. 12 and 13.)

The startling number of dangers to navigation discovered with the
wire drag during the short time that it has been used in Alaska
waters strongly emphasizes the fact that in regions where the shores
are rocky practically all the navigable waters out to the 50-fathom
curve must be dragged in order to provide the assurance of safe
navigation to which navigators, shipowners, and the general public
are so plainly entitled. This is a huge task, but it is imperative that
it be prosecuted with vigor and carried to the earliest possible con-
clusion. ‘

Too much emphasis can not be put on the need of increasing the
force for completing the wire-drag survey in Alaska. There is
hardly a move made by our vessels that does not indicate that there
are pinnacle rocks with great depths of water surrounding them.
This can not be permanently or safely done by the usual manner of
carrying on hydrographic surveys. To do this economically, quickly,
and thoroughly the launches should be built by the Government to
meet the needs of this important and peculiar work. The wisdom
of having launches built for the wire drag has been evidenced during
the past season when they were a contributing factor in reducing the
cost per square mile. The old method of hiring launches is a gross
waste of time and money. It is hoped that several wire-drag parties
can be placed in the waters of southeastern Alaska in 1921.

FIRST SURVEYS OF INTERIOR ALASKA NEEDED.

‘Character of the work needed —It would be a mistake to leave the
subject of water surveys in Alaska without calling attention to the
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great need for establishing monuments (survey control points)
throughout the Territory and determining their latitude, longitude,
and elevation.

(@) Along the coast such control points have been established in
many localities where- hydrographic surveys have been made, but
they are not connected with each other or with the other surveys of
the United States or Canada. In the interior control points have
been located along the international boundary and in a few small
areas inland, but all these various regions must be connected in the
immediate future to avoid wasted effort, costly later adjustments,
and a delay in the development of the country. '

There is no place in the territory of the United States where maps
are of more value in industries of various kinds than in the interior
of Alaska. These maps, of course, should be good ones, and the only
possible way to have a good map is to have a properly coordinated
and consistent system of control. ,

The method of determining the geographic positions of monu-
ments which are used for the control points of the topographic maps
and surveys of various kinds is triangulation. In this method a base
line or distance between two established points is measured and other
distances between conti§uous points are determined by computations
from this known length and the measured angles of the triangles
in the scheme of triangulation. The latitudes of these stations are
the distances from the equator and the longitudes are the distances
from the meridian passing through the observatory at Greenwich.

(6) To join these various detached bits of triangulation and to
connect the whole of Alaska to the surveys of the remainder of the
continent in its proper geographic relation, observations have been
begun with the cooperation of the Canadian Government on a stron
chain of triangulation to reach from the vicinity of Seattle, throug%
southeast Alaska to the upper portion of the Yukon River where
it crosses the Alaskan boundary. From that point lines of triangula-
tion will extend through Alaska, over routes indicated in a Tater
paragraph. .

After being carried by the Canadians through British Columbia,
this scheme of triangulation will lead northw-rd across Dixon
Entrance, thence up Clarence Strait just eastward of Ketchikan,
passing to the eastward of Kupreanof and Admiralty Islands and
up Lynn Canal to where the scheme again crosses into Canadian
territory.

To that central belt of accurately determined control points will be
connected loops of triangulation which have already surrounded or
soon will surround man%'{ of the large and important islands in south-
eastern Alaska, such as Revillagegido, on which Ketchikan is located,
Prince of Wales Island, and others which are of vital importance to
the development of that portion of Alaska.

Accurate elevations are determined in the interior of a country by
lines of precise leveling which are extended inland from tidal sta-
tions. At these tidal stations the relation between mean sea level
and some object on shore is determined by long series of observations.
The mean sea level is considered to be zero in the leveling net, and all
other elevations are referred to it. s

With the longitude and latitude known for each of a number of
triangulation stations and the elevations available for bench marks,
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we have what may be considered a framework upon which detailed
surveys can be made. If the area is local and can never be connected
by triangulation with any other (such, for instance, as an oceanic
island), then extensive primary triangulation and precise leveling
are not necessary; but in an area the size of Alaska each locality that
is the scene of present industry and commerce will undoubtedly
be connected by surveys and maps with other localities. If we do
not have such a framework, as mentioned above, there will be serious
discrepancies when two local surveys or maps are joined. There will
be offsets, gaps, or overlaps which will be sources of trouble until the
whole work has been properly adjusted to the strong control work
that must be done to make the local surveys fit into each other.

It is the experience of all civilized nations that for the economical
surveying and mapping of their areas primary triangulation and
precise leveling have been required. Many of the countries have fol-
lowed the surveys and maps by primary triangulation and precise
leveling, while others have had the control work precede the opera-
tions upon which the maps are based. In the United States much of
the surveying of the public lands preceded any triangulation what-
soever,1 with the result that many of the maps have not the proper
control.

Surveying is now being done in the interior of Alaska by several
organizations of the Government, especially the United States Geo-
logical Survey, the General Land Office, and the Forest Service.
There are, of course, mineral surveys made also. These organiza-
tions are now operating without primary control points, and there
is no way of telling just where those local maps and surveys are
located, except those that are made near the coast. An approximate .
position of a survey may be obtained by astronomic observations, but
the latitude and longitude of such a survey may be in error by as much
as one-fourth or one-half mile, due to the local attractions of the
mountain masses on the plumb line, to which all astronomical ob-
servations are referred.

A letter from the office of the Commissioner of the General Land
Office, under date of September 3, 1920, reads in part as follows:

A system of triangulation along the Yukon River, especially the upper portion
from Tanana to Eagle, will, no doubt, be of value to us in the near future. We
have now pending 50, or more, isolated surveys scattered over this district, and
others will follow. With triangulation we could adjust these surveys to the

rectangular net and lay a foundation for a uniform system with less possibility
of confusion than to dot the country with innumerable isolated surveys.

WHERE CONTROL SURVEYS SHOULD BE MADE,

It would seem to be the most economical method of mapping
Alaska to have long arcs of primary triangulation and lines of -
precise leveling extended throughout the area where maps are being
made and where they will be made in the near future. There are
some areas which can await the development of the country before
the triangulation and precise leveling are done. This control work
should be done very soon after opening of a transportation route,
but should not in general precede it, as otherwise the work will be
excessively expensive. i ) )

There is immediate need for a system of primary triangulation
down the Yukon River, from its crossing at the one hundred and
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forty-first meridian to the mouth, or at least to St. Michael. A line
of precise levels should follow along this same route. Another line
of precise levels and an arc of triangulation should be carried up
the Copper River from its mouth and on to Fairbanks. A spur
should be carried from this system to the one hundred and forty-first
meridian at a point about 70 miles north of Mount St. Elias. An-
other route which should be followed by primary triangulation and
recise leveling is along the Alaska Railway, from the head of Cook
nlet northward. The other important work should be done along
the Kuskokwim River, from its mouth to the Yukon, with a spur
line running eastward along the Odgovigamut River.. A small piece
of work should be done between Cook Inlet and Bristol Bay. Here
only triangulation is needed. ,
’lyhe work mentioned above would, it seems, meet all the immediate
needs for primary geodetic work in Alaska. It is needed for the
interior as well as to strengthen the coast triangulation, which is
used to control the sailing charts. The work outlined is, of course,
not all that is needed, but additional work can be done and planned
as occasion demands.

ALASKA’S IMMEDIATE NEEDS.

Alaska’s greatest need should be given serious thought now and
not put off for another year. The provision now of a comparatively
small amount of money will save added expense in years to come,
not to mention the saving in life and property. It is necessary to
have the authorization for two new vessels, of the Surveyor type, a
modern surveying vessel, and new launches, which is the only way
to conduct this work economically from the standpoint of cost, also
carrying on the work with greater speed.

So important is the matter of the survey of the waters of Alaska
that it is deemed a wise business move to establish at Ketchikan, the
entering port of Alaska, as soon as funds are available, a permanent
station supervised by a commissioned officer of the Survey, where
the launches of the Survey can be stored in the winter, a vessel kept
in commission, and where supplies, including coal and fuel, can be
obtained. It is unfortunate that at the present station in Alaska our
vessels have to depend on foreign coal and are often delayed owing
to the fact that Australian coal and Canadian coal are not available
for the vessels of the United States. The establishment of this per-
manent station in Alaska will do much to facilitate matters and help
the parties on sea and land to get into the field more promptly in the
spring of each year.

ALASKA’S FUTURE.

It is safe to predict, and with proper emphasis, that Alaska will
reach out in the near future looking to develobment along all lines
and through every possible channel. Her next 10 years will most
likely place her far in advance of what the past 53 years have pro-
duced, and all assistance possible should be forthcoming from the
mother country, upon which the responsibility rests. We should be
well prepared in every branch of the home Government to facilitate
the commercial development and competition that is surely following
SInce the close of the great War. '
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Let it be hoped that the day is at hand when it will be no longer
necessary to discover uncharted pinnacle rocks by the loss of some
vessel, and the custom of commemorating the loss by naming the
lfaidden rock after the unfortunate craft will be impossible in the

uture,

The question is often asked, “ Why don’t vessels hit all these hidden
rocks?” The answer is, give them time and they will.

The Coast and Geodetic Survey, which in this field should have
been the pioneer, showing the way for commerce to reach each new
enterprise, has instead been following impotently behind, charting
dangers less from data obtained by its own surveys than from reports
of vessels which have been wrecked on them.

It is high time that such a state of affairs be corrected, yet it will
now take some years before the surveys can reach a point where they
can even meet the needs of the present commerce.

‘While the United States has already invested many millions and
plans to spend many more millions of dollars on a merchant marine
to develop foreign trade and study commercial conditions in all
corners of the world, we seem to forget Alaska—a part of our own
domain—which with thoughtful financial support accompanied by a
wise and liberal Federal policy, we would soon build a most profitable
trade unrestricted by the innumerable foreign regulations and with
conspicuous economy and to the mutual advantage of the people of
our own country.

PURCHASE OF DUTCH HARBOR, ALASKA, AS A FEDERAL GOVERNMENT BASE.

In 1914, 1915, 1916, and 1917, I strongly recommended the desira-
bility of the purchase of Dutch Harbor, Aleutian Islands, Alaska,
as a Federal Government base. Up to the present time, while the
wisdom of securing this property has been shown clearly, nothing
definite has been done. Dutch Harbor is the old home and village
of the North American Commercial Co., where now the Government
wireless station is located. The place is practically abandoned. The
buildings are in a fair state of preservation. The harbor is excellent
and far better and safer for large vessels desiring to dock there than
at Unalaska. There is an-abundance of excellent water, which Una-
laska lacks. There are also good buildings for living quarters for
various Government officials. There was never a greater need for a
Government base in western Alaska than at this time. where coal,
fuel, and other supplies can be obtained at any time of the year,
which under existing conditions is impossible. The idea of makin
Dutch Harbor an ideal Government supply station is one that shoulg
be encouraged, and the opportunity now presents itself, and if further
postponed the opportunity for carrying out this wise business venture
may be lost. ' ) :

FIELD STATION AND BOATHOUSE AT KETCHIKAN, ALASKA,

~Since 1898 practically the entire facilities of the Coast and Geo-
detic Survey on the Pacific coast of the United States have been
employed in Alaska in an effort to keep pace with the growing com- .
merce carried on with its coast ports. During the period from 1907
to 1915 three of the Survey’s vessels were employed in southeast
Alaska in an effort to obtain, by means of adequate surveys, accurate
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charts to assist in the commercial development of the country.
To assist in this work, launches were employed for the development
of shoal areas and ledges and to search out intricate areas where the
larger vessels could not be maneuvered. A small boathouse on the
naval reservation at Sitka was used to house these launches during
the winter seasons, and the naval station at that place was used as
the base station for surveying opertions up until 1907, when it be-
came necessary to remove the launch equipment to a place more acces-
sible to the working grounds in southeast Alagska. Ketchikan was
selected for this purpose and a boathouse constructed at Metlakatla
for housing the launches and storing such of the equipment as it
was found advisable to leave in Alaska.

In 1914 wire-drag work was begun in southeast Alaska, and from
1915 to the entering of the United States into the World War two
parties were employed. The launches used upon the work were
chartered makeshifts remodeled to serve as best they could and were
returned to the owners at the end of the season. At the termination
of the war relief came in a_measure to this very unsatisfactory way
of procuring equipment. The Navy supplied the Survey with a
number of large launches which were made suitable after alteration
for assisting in the wire-drag work.

The additional equipment made it possible to resume survey work
with increased activity in southeast Alaska, and the necessity for
providing suitable space for housing the equipment at the most ad-
vantageous point now presents itself. There are to-day four large
‘steam launches and six large motor launches which will remain in
Alaska during the winters, as it is not practicable to tow them or run
them south when the approach of winter weather makes it no longer
economical to attempt wire-drag and other survey work. To these
will be added during the coming year three gas launches which are
now stored in Seattle. The repairs incident to the upkeep of this
equipment, together with repairs to the wire-drag apparatus, can
only be accomplished after the close of the surveying season and must
of necessity be completed before the opening of the season in the
early spring. ' .

There should be the most serious thought given to the care of
this assembled equipment, its upkeep, and its apportionment to
parties given the task of sweeping the channels with the wire drag
and extending the surveys to meet the need of commerce. With this -
in mind and the paramount importance of selecting a site suitable for
a base, authorization will be sought for the construction of suitable
boathouses, ways for hauling out, and a wharf that can be used by
the larger vessels for storing coal and supplies needed in the field of
operation. If authorization can be secured all plans and specifica-
tions will be prepared, bids obtained, and the construction begun at
once.

1‘ The present plan for construction and estimated cost are as fol-
ows : :
Boathouse with suitable space for overhauling wire-drag equipment,

ways, and storing facilities for 13 launches___ $15, 000
Wharf with 2,000 square feet_. - 5, 000
Watchman’s dwelling e 2,500

Total._. e ——— 22,500

12783—20——4
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The rapid development of Alaska along commercial lines is well
illustrated by the request for surveys and for information pertain-
ing to areas where newly selected sites for proposed industries have
been chosen. There are, especially in southeast Alaska, some of
the finest water-power sites on the Pacific coast, which have at-
tracted the attention of capital with a view to establishing pulp
mills and other industries. The water approach to these sites must
of necessity be surveyed, dragged, and the dangers charted. The
most important of Alaskanwater-power projects at this time, and
one which has been developed to a considerable extent, is located
at Port Snettisham. It is located in the midst of a well-timbered
section and surrounded by other valuable material resources easily
accessible. An urgent request for a more complete survey of the
approaches to this important site has been received through one
of the survey parties now operating in its vicinity.

To keep more closely in touch with the needs for such surveys,
it is proposed to establish in southeast Alaska a permanent field
station of the Coast and Geodetic Survey. This will enable the
public to obtain advance information of the navigable waters where
surveys are partially completed or totally lacking. With a Survey
officer available at such a station small surveys and examinations can
be made at once and much valuable information obtained which
will enable commercial interests to locate at points accessible to
the passenger and freight steamers plying between Alaska and
United States ports. ~

As the proposed operations in Alaska during the next year are
to be taken up with increased activity, it emphasizes the necessity
of establishing a field station by which the inspector in charge can
cooperate with steamship lines to insure prompt reports of dangers
discovered and other information affecting the coast charts.

The question of a location for such a station is of course governed °
by its accessibility to the shipping interests and its relation to the
field of surveying operations. Situated as it is on the main artery
of commerce, Ketchikan has been selected as the most suitable port
for a field station of the Survey in southeast Alaska. By reason of
the fact that the shore-surveying season -opens, earlier and closes
later in this section than in others, Ketchikan 1s better suited for
hauling out and storing the floating equipment. It is more accessible
to the market from which supplies and repair material will be sent
for the upkeep of the launches and wire-drag apparatus, and if
arrangements can be made for storing coal for the surveying vessels
the freight rate on such coal, supplies, etc., would be at a minimum
cost.

By reason of its accessibility other Government bureaus are repre-
sented at Ketchikan, notably the Bureau of Lighthouses and the For-
est Service. With the Coast and Geodetic Survey permanently rep-
resented at that place, close cooperation with the local represent-
atives of these bureaus could be maintained, with resulting benefit
to the maritime and commercial interests.



CHAPTER IIL
- WHAT IS NEEDED TO BETTER ACCOMPLISH THE FIELD WORK.
MODERN SURVEYING VESSELS NEEDED.

For the past five years I have reiterated in my annual reports the
urgent need of the Bureau for better vessels to carry on its hydro-
graphic surveys. Each year I have repeatedly pointed out the false
economy of trying to accomplish surveys with the fleet of old vessels
that is now the property of the Bureau. Some of these that have
been in the service for years are now actually unseaworthy and
can only be used under the most favorable conditions; yet the cost
of operation of each of these old vessels in personnel, fuel, etc., is
no less than would be the cost of operation of efficient vessels, yet
the limitations on the purposes for which these old vessels may be
used on account of their unseaworthiness are such that an enormous
amount of time is lost and the cost per unit of accomplishment is
excessive, but with no other means at my disposal for making the
surveys called for I have no other alternative but to continue the
work, excessive as the costs are. ‘

Beginning in 1913 the Bureau has been endeavoring to replace its
worn out and unseaworthy surveying vessels by adequate modern
vessels and to build up the fleet sufficient to meet insistent demands
for hydrographic surveys in the United States, Alaska, the Philip-
pine Islands, and elsewhere in the insular possessions, but the neces-
sary funds have not been provided. The total amount provided
to date for the construction or purchase of new vessels during the
last 16 years has been only $296,000. Meanwhile the de_mang for
new surveys has become increasingly insistent, particularly in Alaska,
although the demand for surveys o1 the waters of continental United
States is urgent.

During the Great War nearly all the vessels of this service were
transferred to the Navy and were used for military purposes. For
this reason, and because most of the officers also were on military
duty, very little surveying was performed by this Bureau during
that time, and as a result there is a two years’ accumulation of work
which, together with the normal annual work, can not be accom-
gjlished with the present fleet. With the cessation of hostilities the

avy was in possession of a considerable fleet of auxiliary vessels,
which had served its purpose as war craft and was available for
transfer whenever required elsewhere in the Government service.
It was realized that very few, if any, of these vessels were suitable
for surveying, but because no other vessels were available I accepted
some of them, regarding them as makeshifts until more suitable ves-
sels could be provided, but hoping that from the lot I could obtain
a few that would serve the purpose of this Bureau in a measure for
several years. .

With this fleet, together with the former Coast Survey vessels
which were returned by the Navy, this Bureau endeavored last sum-

51
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mer to resume surveying operations. The first season’s work with
these ex-Navy vessels showed conclusively that, with one or two ex-
ceptions, they were absolutely unsuitable for the work; that the unit
cost of work performed with such vessels was abnormally high; and
that much of the most urgently needed work could not be done at all
with them:. Of the seven vessels received from the Navy two were

" turned back before any surveying work had been done, as the cost
of putting them in operating condition would be out of proportion
to their original cost or present value. One more vessel will be
turned back this winter for the reason that her condition is such
that the cost of putting her in seaworthy condition would not be
justified by the amount of surveying work that could be accom-
plished with her annually. The other vessels will do fairly well for
a few years, but will always be ineflicient.

In the year 1914 the Coast and Geodetic Survey operated 16 sur-
veying vessels, 4 of which were the property of the Philippine gov-
ernment, and the balance were owned by this Bureau. Five of
these vessels were over 30 years old at that time, and only 6 of them
(8 United States vessels and 8 Philippine vessels) were under 15
years of age. Two of the vessels were built in 1859 and 1862, respec-
tively. Prior to 1914 the Coast and Geodetic Survey had not acquired
a new vessel since 1904.

In 1915 one of the oldest vessels was condemned as unseaworthy
and an appropriation of $289,000 was made for the purchase or con-
struction of two surveying vessels. As this amount was too small
to permit the construction of two new vessels, it was necessary to

urchase the best possible vessel at the smallest cost so as to leave suf-
gcient funds for the constryction of one vessel. The Bureau was
particularly fortunate in securing a fair yacht at a cost of $60,000,
and thus was able to enter into contract for the construction of a
modern surveying vessel, which ultimately cost $236,000. As the
surveying vessel was not completed until 1917, the net gain in the
number of ships that year was naught.

In 1916 two more of the oldest vessels were found no longer fit
for surveying work and were disposed of, thus reducing the fleet to
14 vessels. In 1917 the new vessel was completed, thus increasing
the fleet to 15 vessels. v

The vessels were then turned over to the Navy for war purposes,
and the surveying fleet was reduced to the few vessels that could not
be used for military purposes.

In 1919 seven vessels were obtained from the Navy, but during
1918 and 1919 seven vessels were disposed of, so that there was no
change in the number in the fleet over 1917. Of these seven vessels,
two were Navy vessels returned because they could not be used in
survey work, three old vessels were condemned and sold (one of them
the vessel built in 1859), one vessel (the property of the Philippine
government) withdrawn. from survey operations, and one vessel
wrecked. X

It will, therefore, be seen that at the present time the number of
vessels available for use of this Bureau 1s one less than the number
available in 1914. Furthermore, as stated above, a third naval vessel
must be disposed of this year, as she is no longer fit for survey oper-
ations, thus reducing the fleet to two less than the fleet of 1914.
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This fleet is, of course, superior to the 1914 fleet, as the oldest vessels
have been weeded out and replaced by newer craft; but, on the whole,
these ships, with the exception of the one new vessel constructed in
1915 and 1916 and one vessel obtained from the Navy, are not very
much more efficient than were the old vessels. Furthermore, we have
now 14 vessels to do a vastly greater amount of surveying than was
required in 1914 from 16 vessels. If we assume that these 14 vessels.
can do as much work as the 16 vessels of the 1914 fleet, and it is not
at all certain that they can do this, it is evident that there will be
no advancement in surveying operations. We shall steadily drop:
behind in this work, each year the charts will become more and more:
out of date, and I shall have to continue to tell the public that we
can. not assist in opening up new steamship routes as rapidly as
commerce demands. ' ‘ '

If this Bureau is to keep its charts up to date, to make revisional
surveys where depths have changed, to provide the charts urgently
needed for the navigation of our coastal waters, and to chart the
at present uncharted portions of Alaska where industries have re-
cently opened up, it will be necessary to provide as soon as possible
three new surveying vessels of the most efficient type and exactly
suited to this work. Two of these vessels should be of the Surveyor
type (the vessel that was built for this Bureau in 1916-17) and the
bhi.rddshould be a small, light-draft vessel for use in bays, rivers, and
sounds. '

Hydrographic surveyirfe can be efficiently and economically done
only with appliances, including vessels exactly suited to the work.
It might be thought that any vessel of the proper size could be used
fairly successfully in this work, and this might be true if the func-
tion of the surveying vessel is only to provide a means for trans-
porting” the hydrographic party. This, however, is not the case.
An efficient surveying vessel is really an instrument, or, perhaps,
might better be described as a floating stand on which certain sur-
veying instruments can be mounted. In order that these instruments
may be operated to their full capacity it is necessary that the stand
(surveying vessel) be as steady as possible; that it remain reason-
ably dry when the sea is rough; that it be provided with power for
moving it quickly from place to place and for placing it exactly at
any desired spot on the water; that it be rugged enough to withstand
severe storms and that it be large enough to carry all necessary sur-
‘veying instruments, including small surveying launches, and at the
same time be not unnecessarily large, thus requiring unnecessarily
heavy machinery to operate. These are some of the requirements of
a real surveying vessel; and, in addition to the above-mentioned
requirements, it should have suitable quarters for accommodating
the surveying parties and sufficient fuel capacity to enable it to re-
main away from the base of supplies for a considerable period.
These qualities can not be found in any vessel designed for pur- -
poses other than surveying. Consequently it is impracticable to
secure suitable surveying vessels except by building them.

A comparison of the cost of work accomplished with an efficient
surveying vessel with similar work performed with vessels not de-
signed for this purpose brings out interesting facts. This Bureau
1s now operating several yachts that were acquired by transfer from
the Navy at the termination of hostilities. These are very good
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yachts; they compare well with vessels of their type, and probably
satisfy the requirements for a survey vessel as well as does any type
of vessel not designed for surveying. During the past season two of
these yachts and one of our specially designed surveying vessels were
employed in the same general locality, on similar work, under simi-
lar conditions, and therefore the cost of operating these three vessels
at that time 1s fairly comparable. The larger of the yachts cost
$10,840 per month for all expenses, the smaller of the yachts cost
$8,414, and the surveying vessel cost $16,372. It would therefore
appear that the smaller yacht was the most economical, but the
smaller yacht could carry officers, men, and equipment, including
boats, for the operation of only two parties. The larger yacht, for
the same reason, could accommodate only three parties, whereas
the surveying vessel, having been designed to meet the requirements
stated above, permitted the operation of five surveying parties. It
is therefore evident that the cost of surveying with the surveying
vessel was $3,274 per party per month; for the larger yacht, $3,613
per party per month; for the smaller yacht, $4,207 per party per
month. In other words, the larger yacht cost 10 per cent more
than did the surveying vessel for the same amount of work, and the
smaller yacht cost 28 per cent more for the same amount of work.

ECONOMY IN GOVERNMENT-OWNED WIRE-DRAG LAUNCHES.

Much has been said in the past of wire-drag launches in discussing
the needs for equipment of the Survey. In my reports the advisa-
bility of having Government-owned launches has been pointed out
and “appropriations have been asked for to supply this needed
equipment. _

Not until the summer of 1919 was it possible to draw an actual
comparison of the value of these launches with those which hereto-
fore have been obtained from private sources at large rental cost and
ex%ense in altering them for the wire-drag work. .

uring the summer of 1919 for the first time the Survey had in
operation four specially constructed wire-drag launches working
on the New England coast, which demonstrated their efficiency in
carrying on our wire-drag surveys, The launches are specially de-
- signed for this class of work, and therefore have the proper amount
of space for the appliances required in the search for submerged
dangers. They have been found far superior to the clumsy vessels
that have been hired heretofore for towing the wire drag, and on
which we have been forced to spend time and money in making
alterations to fit them in a measure for the work. )

With this efficiency and economy evidenced by their use during the
summer of 1919, it is apparent that the addition of at least four new
launches to the four already provided is warranted. )

The new specially-designed launches permit the installation of
permanent equipment. The power reels heretofore used on the char-
tered launches were an outgrowth from a crude hand apparatus
unduly cumbersome, complicated, and unsightly. They were de-
signed as temporary expedients to be put on and hauled off the
launches every few months, with the natural result that they include
features that could be greatly improved in a permanent installation.
Such permanent design has been made, the underlying idea being
to secure simplicity, compactness, reliability, and permanency..
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" Auxiliary hoisting engines were improved upon which permits the
hoisting of heavy articles on or about the deck. With this kind
of apparatus the reel can be set low upon the deck, and neatly cov-
ered when not in use. Permanent lockers for stowing buoys and
. floats can be installed, so that every article of equipment in use has
a definite place under cover securely stowed and in order at all
times. - This plan has greatly simplified the operation as well as
improved the appearance of the launches.

At the time of the transfer of vessels from the naval service to
this Bureau for survey work, a number of small cruising launches
were also transferred. These launches with two exceptions were
shipped to the Pacific coast for the purpose of carrying on wire-drag
work in southeastern Alaska, the necessity for which has been
pointed out in my reports each year.

At present the steamer Ewzplorer, acting as a mother ship for these
launches, is now. engaged in dragging the main channel route in the
vicinity of Juneau, Alaska, the vessel itself being used as the guiding
launch which tows one end of the drag, determines its progress
through the water, and carries the heavy power reels for winding.
in the drag when it is taken up and the semaphore for signaling to
the smaller launches which are in attendance. One of the launches
tows the other end of the drag.

The Navy launches, while not designed for wire-drag work, have
to some extent been remodeled for this class of work and have been
made serviceable for a short period. . :

It is a source of gratification to have eliminated the large expense
of chartering launches for this class of work, although for the first
time in several years but one party has been operating on the wire-
drag work, not through the lack of equipment, but by reason of the
fact that sufficient officers were not available for this class of work.

In my estimates for 1921 I have entered an item for the same
number of launches as estimated for in 1920, viz, four 60-foot wire-
drag launches and two 30-foot wire-drag tenders. These launches
are needed for wire-drag work in Porto Rico and the Virgin Islands
and Alaskan waters. The number estimated for is just sufficient to
equip two drag parties and, if supplied, will permit in the coming

ear the operation of two parties on the Atlantic coast, one in Porto

ico and Virgin Islands, and two wire-drag parties in southeastern
Alaska, The Navy has urged for several years that the waters of
Porto Rico and Virgin Islands be dragged to insure safety to the
fleet during the winter maneuvering in those*waters and to provide
a safe place for a rendezvous. As for Alaska, the need for com-
pleting the drag wark is urgent. The present launch equipment (the
launches supplied by the Navy) provides for but one wire-drag

arty, while heretofore two parties with chartered launches have
geen in operation during the working season in southeastern Alaska.

INCREASED APPROPRIATIONS FOR CONTINUING GEODETIC OPERATIONS.

By Executive order dated December 30, 1919, there was created a
Board of Surveys and Maps of the Federal Government. The work
of this board bears close relation to the geodetic surveys by the
Bureau, and will doubtless have such an influence in shaping the ac-
tivities of the Bureau in the future, that this subject would be incom-
plete without some mention of the purposes and aims of the board.
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The Executive order directs the board to make recommendations
to the several departments of the Government or to the President
for the purpose of coordinating the map-making and surveying ac-
tivities of the Government and to settle all questions at issue between
the executive departments relating to surveys and maps, in so far as
their decisions do not conflict with existing law. The Executive
order further directs that the board shall hold meetings at stated in-
tervals to which shall be invited representatives of the mapiusing
public for the purpose of conference and advice.

It is believed that the creation of this Board of Surveys and Maps
is a step that will have very far-reaching consequences in the hori-
zontal and vertical control and the topographic mapping of the
country and in planning standard methods to carry on the work con-
nected with surveying and map making of various kinds, done by
Government organizations and by private organizations and indi-
viduals. Maps have been made in this country ever since the colonists
first landed, but there has never been any coordinating agency by
which standards of accuracy would be established for the guidance o
surveyors and map malkers.

The Board of Surveys and Maps since its organization in Janu-
ary, 1920, has had a number of meetings, and it has adopted, as its
%en‘eral opinion, the plan that the control surveys of the country, as

ar as the fundamental geographic positions and elevations are con-
cerned, should be made by the Iéoast' and Geodetic Survey. ‘

The Coast and Geodetic Survey has, as one of its main functions,
the establishment of fundamental horizontal and vertical control
along the coast and in the interior of the United States. The sta-
tions of the control surveys, both horizontal and vertical, are for
the primary purpose of forming the basis for the various classes of
surveying and mapping and to fill other engineering needs. They
are especlally valuable for the standard topographic surveys of the
United States Geological Survey, the military surveys of the Army,
international, State, and county boundaries, and engineering and
surveying work for highways, railroads, and cities.

For about 50 years Congress has been appropriating small amounts
of money for the establishment of precise geographic positions and
elevations in the interior of the country. On J anuary 1, 1910, there
were 10,000 miles of precise triangulation and traverse in the interior
of the United States. On January 1, 1920, there were about 16,000
miles, an increase of 60 per cent in 10 years. A small part of this
work was done by the United States Lake Survey.

On January 1, 1910, there were 26,000 miles of precise leveling in
this country, run by the United States Coast and Geodetic Survey and
by other organizations, while now there are 42,000 miles, an increase
of 62 per cent. :

The rate at which the precise horizontal and vertical control has
been. done during the last 10 years is far greater than has been the
case formerly. This is due to somewhat larger appropriations and
also to greater efficiency and skill in the executive and technical work
involved. The slowness with which the geodetic work has been ex-
tended in the country for the last half century is due almost entirely
to the lack of appreciation of the necessity for fundamental control
by other organizations of the Government, by States, cities, and by
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private organizations and individuals. The officials of the. Coast and
Geodetic Survey have continually placed the problem before Congress
and urged a greater appropriation for this work. The demands are
now becoming so urgent on this survey that it is believed far greater
ap%ropriations should be made now in order to meet public needs.

ntil the organization of the Board of Surveys and Maps the
Coast and Geodetic Survey was following the plan which would
provide eventually a precise-level bench mark and a precise triangu-
lation or traverse station within about 50 miles of each point in the
interior of the country. In order that this might be done, it would
need 30,000 miles of precise triangulation and traverse, at a cost. of
approximately $1.275,000. The total cost of the vertical and hori-
zontal control necessary to supplement existing work on that plan
would be approximately $1,725,000.

It is believed that if we should have the amount of vertical and
horizontal control mentioned above, supplemental lines of precise
or lower grade horizontal and vertical control could be extended
into new areas in a very short time, where detailed surveying and
mapping operations might be planned. It was thought to be inad-
visable to neglect the main scheme by spending the time and money
of the Bureau in making detailed control surveys in very local areas.

The result of the meetings and deliberations of the Board of Sur-
veys and Maps has modified very greatly the simple plan outlined
above for the control work of the Coast and Geodetic Survey. The
board is of the opinion that very much more precise vertical and
horizontal work should be done and also that the control be carried
on at such a rate that there will be, in the near future, a pretise or .
secondary elevation and geographic position within every 30-minute

uadrangle of the country. %Vhen the control has been carried on to
’(c]his extent, wé shall have final values for elevations and geographic
positions within the area of each quadrangle sheet of the V. S. Geo-
logical Survey and near each town and city of the country. Prac-
tically all county and State boundaries will have fundamental geo-
graphic positions established near them. There will not be the neces-
sity in the future of shifting the geographic positions on' a map
‘based on this control or of changing the scale of the map in order
to make it consistent with some cther maps, or of placing an equa-
tion on the map to show the error of the datum on which the eleva-
tions and contours are based. The final positions furnished would be
on what is called the North American datum and the elevations on
mean sea-level datum. ) .

The amount of precise or secondary leveling in the intermediate
areas of the main network will be about 87,000 miles, which will
cost approximately $1,040,000. The amount of precise or secondary
triangulation and traverse necessary to furnish the fundamental
control in the intermediate areas of the general scheme is about
59.000 miles, which will cost approximately $2,940,000.

The total cost of the field work to furnish the precise and secondary
leveling and also the precise and secondary triangulation and tra-
verse, which will bring control points in each quadrangle sheet—
that is, an area 30 minutes square—is approximately $5,700,000.



CHAPTER III.
WHAT HAS BEEN DONE IN THE FIELD DURING THE FISCAL YEAR.

As in the past, the field accomplishments for the year are sum-
" marized under the following classifications:

Hydrography: (1) Ship and launch hydrography; (2) wire-drag
surveys; (3) revision work; (4) current observation; (5) tidal ob-
servations; and (6) topography. ‘

Geodesy: (1) Triangulation; (2) precise levels; and (3) magnetic
observations. ,

HYDROGRAPHY.

The following table gives a condensed statement of the vessels at
the disposal of the Coast and Geodetic Survey within the fiscal year:

. Recoived by— Disposed of by—

Operated
by

Name of vessel \tbor o
ame of vessel. at-be- rom

ginning | TEOST | philp. | Return | g
offiseal | Npoo pine |to Navy,| ©&l&
year. * | govern-

1 1 1 2

1 Converted §achts roceived by transfer from the Navy for surv?ing.
2 Owned by Philippine government and loaned to Coast and Geodetic Survey for surveying in Philippine

waters.
8 Damaged by collision with sunken wreck, beached and damaged by storm beyond economical repair.,

Owned and operated or operated by the Coast and Geodetic Survey at be-

ginning of year 16
Received by transfer from Navy 1
Received by loan from Philippine government ; 1

Total y 18
Sold during yesar 2
Returned to Navy during year_._ 1 5

Total vessels at disposal of the Su?vey at end of fiscal year 1920___;_ 15

58
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The following is a brief statement of the assignments of the vessels

at the disposal of the Coast and Geodetic Survey within the fiscal
ear: :

. “Arcturus.”—This vessel was outfitting in New York the first half
of July and proceeded to Norfolk, Va., the 16th of that month. Her

condition not having proven satisfactory, her personnel and equip-

ment were transferred to the Lydonta. She was then laid up, and on

January 15 returned to the Navy.

“ Bache.”—This vessel was outfitting at Norfolk at the opening of
the fiscal year. During the months o% August, September, October,
and uvp to November 21 she was engaged on hydrographic surveys at
the entrance of Chesapeake Bay. She was outfitting from November
21 to December 28, when she proceeded to Pensacola Bay and after a
brief stop continued to the mouth of the Mississippi River and was
engaged in a hydrographic examination of the a%proach to the en- -
trance. This was completed and she returned to Pensacola January
27. She then cooperated with the Ranger in the offshore surveys of
the Gulf from Pensacola to the westward. She continued in this
work until May 5, when she proceeded to Norfolk and was under-
going repairs from May 14 to June 16.

« (osmos.”—This small steamer is used as an auxiliary for one of
the larger surveying vessels during the Alaska season. This year she
was assigned to the Lydonia and was taken out of storage the latter

art of May and overhauled for the approaching season’s work.

“ Ewplorer.”—This vessel was laid up in Lake Union, Wash., until
the latter part of February, 1920, when she was outfitted as the
mother ship to the launches for wire-drag work in Stephens Passage,
Alaska. She left Seattle April 15 with the launches, and the neces-
sary preparations and outfitting of the launches were completed at
Juneau, and on June 6 the actual field work was started.

“ Natoma.”—This vessel was at the Canal Zone June 30 en route
for San Francisco, where she arrived July 27. She was engaged in a
hydrographic reexamination of San Francisco Bay until April 15,
1920, when she was overhauled and repaired and was so engaged until
June 30. ,

“ Onward.”—This vessel was engaged in a hydrographic examina-
tion at Hampton Roads, Va., from July 1 until September 27. On
the latter date she proceeded to Doboy _Sound, GGa., and continued on
hydrographic work in this locality. This was completed on December
24 and she was undergoing repairs at Savannah, Ga., from December
25 to March 8. She then proceeded to Adams Creek and the Neuse
River, N. C., where she was engaged in combined operations to the

close of the fiscal year. '
« Pathfinder.”—This vessel operated in Philippine waters through-

out the entire year.

“ Patterson.”—As stated in my last annual report, the sale of the
Puatterson was contemplated as soon as the necessary formalities could
be complied with. These were completed and the sale effected Decem-
ber 15, and she was removed by the purchaser from where she had
been laid up in Lake Union, Wash. _

“ Ranger.”—This steamer, having completed repairs and outfitting,
proceeded the latter part of July for Mobile, Ala., where she arrived
on August 2. She continued on hydrographic surveys of the Gulf
coast from that date to the close of the fiscal year.
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“ Romblom.”—This vessel was employed in making surveys of the
Philippine waters throughout the fiscal year.

“ Sialia.”—This vessel was received from the Navy October 6, and
then proceeded en route to the Pacific coast, when boiler trouble
developed, and it was necessary to tow her into Key West for repairs.
After a month’s delay on this account she made a new start only to
break down a'second time. She was laid up at Nuevitas, Cuba, for
two months, and then returned to Key West. From Key West this
vessel proceeded to Charleston, S. C., and on March 15, 1920, was re-
turned to the Navy Department.

“ Surveyor.”—This vessel was being repaired and outfitted July 1,
1919. These were completed July 9, when she left Seattle, Wash., for
Shelikof Strait, Alaska. She was engaged in combined operations
in this part of Alaska until her return to Seattle November 4. She
was being overhauled and repaired from November 5 to March 26,
when she returned to Shelikof Strait for work in Alaska for the
sremainder of the fiscal year.

“ Wenonah.”—On July 1 the Wenonah was en route from Norfolk,
Va., to her working ground on the California coast. She arrived at
San Diego July 17, San Francisco July 81. After some necessary
repairs and outfitting at the latter place she proceeded to her workin
grounds in the vicinity of Cape Mendocino, Calif., where she arrive
August 28. From this time onward until December 17 she was en-
gaged in hydrographic work. She was then engaged in being re-
paired and outfitted both at San Francisco and Seattle until June 20,
when she proceeded to her working grounds in southeast Alaska.

“ Lydonia.”—This vessel was transferred from the Navy August
7,1919. She completed her outfit and preparations for the voyage to
her field of work on the California coast during the remainder of the
month. During September she left Norfolk for San Francisco and
was_outfitting there during the month of October. November, De-
cember, and January she was engaged in offshore hydrography be-
tween Cape Mendocino and Point grena, Calif. From February 4
until May 26 she was under repair and outfitting, and on the latter
date she left for her field of work in southeast Alaska.

“Fathomer.”—This vessel operated in Philippine waters and was
in commission the entire year. '

“Hydrographer.”—This vessel was engaged in hydrographic sur-
veys of the IFlorida Reefs in the vicinity of Key West during the
entire year. On September 7 to 8 occurred a storm notable for its
severity. During the height of the storm the Hydrographer dragged
her anchors and drifted Eown on another steamer. To avoid sinking
or serious damage her cables were slipped and she drifted ashore.
Through the energy and resourcefulness of her commanding officer
she was floated by the exertions of her crew and without outside
assistance. Hydrographic work by the vessel itself was interrupted,
due to necessary repairs until January 17. :

‘¢ Isis.”—This vessel was repairing and outfitting from July 1 to
August 15. .On the latter date she proceeded to her working grounds
at the entrance to Delaware Bay and continued on a hydrographic
examination of this locality until October 21, when she was ordered
to special duty at Washington, D. C. From November 5 to December
12 she was outfitting and repairing for her season’s work off the
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Florida coast. She arrived at Jacksonville December 31 and up to
January 15 was engaged in the actual work of hydrographic surveys.
On the latter date she struck a submerged wreck, loosening a number
of plates in the bottom. The vessel was beached near St. Augustme,

Fla.

Current observations—~During the year current observations were

made on the following light vessels:

: Time

Light vessel. State.. Station.] em-
ployed.

: Y.m.d.
Blunts Reef...coeeieiiiiriiinieniiioicreisrsnenansesannanens Californisa........ 1{1 00
TUNSWICK . + e ettt it caiiieiiicieiaacvesanecasennsannsann Georgia.............. 1/1 00
Columbia River. feiecacreneeneenaan .. OTegON...ccuvveuann. 1100
Diamond Shoal.............. fbvesereasannnnes North Carolina. . 1100
Frying Pan Shoals.......... P R U« (' JOUR R, 11100
Overfalls.....ocoveiiii it et et re e eeeee .. Delaware S 1(1 00
Pollock Rip Slue............ .. .| Massachusetts. 1/1 00
San Francisco. California... . 1{1 00
Swiftsure..... ashington 1{1 00
Unnatilla Reef ....do... 1100
Winter Quarte Virginia. 11100
Brenton Reef........ Rhode Island. 1 4 0
Cape Lookout Shoal. fetersrecsnenaancan North Carolina.. 1 3 0
Heald 5 11« oo TOXBS.cemrannnn 1 70
ortland..........oivveenen ine........... 1 4 0
Na.ntucket Shoal.......... -..| Massachusetts... 1 817
Northeast End...ccceuvnan . ..| New Jersey..... 1 40
Stone Horse Shoal......... ...| Massachusetts... 1 30
Tail of the HOrse Sh0....occvereciicieiarnactannnnnnnes ging......... 1 40
TOAle e eesearaenarnnrsaanssnennansnnrnnenasnssasnsensansleorasennrosanasssnsanans 19 ]14 117

Short series of current observations were made at the following

localities :

Time

Locality. tisotx?; amm-

* i ployed.
: M. d.
Block Is1and 8ound, R. L. ...ceuouiiineennannesiotroreenatiinienieueirerneanencrsances 4 19
Cape Porﬂoise Harbor, Me. e ee e eaaeeeerer et ee et eaaaaereaaan . 1| - 3
‘Chesapeake Bay Approaches R T R 1 1 16
Delaware Ba, Approaches, Del. crereeeatneeaaaenia. 6 15
Doboy Soun AXFroac es, Ga. e nieereraiaea. 3 8
Kodiak Island, Alaska. . cccecemnrienearannnseonacasnsesasnan, 3 19
Jmsslsslgpl Defta., s eeeeeaeienraanaaacacarasnsssnsecnannn 1 2
Mobile yApl[)Jroaches Ala.. 23 111
New York Harbor, N. Y..... 19 323
Pensacola Approaches, Fla. 23 1 16
Portsmouth Harbor, N. H. 2 18
POBAL. « e v oieueennnsesancnasossosanasansasenassuscsaoacnessessesnssnsssnnsonsasasne 1 o

&

Tidal observations, principal stations.—Automatic tide gauges were

in operation throughout the year at the following stations:

1, Portland, Me. 8 Cedar Keys, Fla.

2. Fort Hamilton, N. Y. 9. Galveston, Tex.

3. Atlantic City, N. J. 10. San Diego, Calif.

4, Philadelphia, I’a. 11. San Franecisco, Calif.
5. Baltimore, Md. 12, Seattle, Wash,

6. Fernandina, Fla. 13. Ketchikan, Alaska.
7. Key West, Fla. 14, Kodiak, Alaska.



62 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY.

Tidal observations, secondary stations.—Tidal observations were

made at the following stations during a part of the year:

1. Cape Porpoise, Me, 24, Morro, Calif,
2. Nahant, Mass. 25. Lake Washington, boathouse wharf.
3. Block Island, R. L 26. Lake Washington, Leschi Park.
4. Point Judith, R. 1. 27. Unga, Baroloff Bay, Alaska.
5. New York City, Bergen Point. 28. Aborlan, P. 1.
6. New York City, West Forty-second 29. Arrecite Island, P. 1.
Street. 30. Babuyan, P, 1.
7. New York City, New Brighton. 31. Balabac, P. 1.
8. New York City, Pler A. 32. Binanga Bay, P. 1.
9. New York City, Spuyten Duyvil, 33. Brooke Point, P, I.
10. Breakwater Harbor, Del. 34, Calandorang, P. 1.
11. Assateague, Va. 35. Cana Island, P. I.
12. Craney Island, Va. 80. Green Islangd, P. I.
13. Fishermans Island, Va. : 37. Island Bay, P. L.
14, Mile Watch Harbor, Va. ) 38. Jamelo Cove, P, I.
15. Nansemond River Light, Va.. 39. Makesi.Island, P, I.
16. Old Point Comfort, Va. 40. Mantaquin Bay, P. I.
17. Pine Beach Ferry, Va. ’ 41, Mariveles, P. 1.
18. Oriental, N. C. . .42, Naranjos Island.
19. Sapelo Lighthouse, Ga. ~ '43. Papacon, P. I
20. Pensacola, Fia. 44, Puerto Princessa, P. 1.
21. Saddle Bunch Harbor, Fla. 45. San Bernandina Island, P. 1.
22, Eureka, Calif. 46. Village Rocks, P, 1.
23. Humboldt Bay, North Jetty, Calif. ’
GEODESY,
TRIANGULATION. '
Lengthof; Area
scheme. | covered.
Primary: . Miles. |8q.miles,]
Oklahoma, vicinity of Hartford to MCAIeSter.......oovemnninvereaiiiennniannenns 120 ,900
ATiZ018, NOZBIOS VUM « -« enemeeeoneemnne o eoe st 2251 12)300
Arizona, vicinity of PROGNIX. ...coeeeirerearareaeanennnns 125 7,800
New Mexico Al%uquerque westward. 85 4,600
California, Mexican connection.. .. 40 600
California, California~Oregonarc. 376
Utah,forestareas. ......coavaense 105 4,600
T O OO PPN 745 32,17
[——
Tertiary:
North Carolina, Neuse RIVer.......coviiiiiiiiiiiiiiiiiiiiiiaiiiieiienanaeanes 15 65
California, Humboldt and Morro Bays . 50 125
California, S8an Francisco Bay.... 12 140
Oregon, quua 58 T 6 ]
New Jersey and Delaware, Cape Henlopen, Bethany Beach, Cape May radio %
‘stations...........cieennss weveeeereaecacaaa 15 2
Georgia, vicinity of Sapelo Lighthouse 9 18
Washington, Lake Washington............... 20 30
Florida, Key West and Miami. ....oooooieiiiiiiiaa, e 20 110
Alaska, Frederick Sound and Stephens Passage........ 45 325
Alaska, Shelikof Straits and Cape Iktu northeastward.. 98 1,520
Virgin[slands........................j ................ 17 55
Total. coueimierieiiiiiiiaieriiaeeinas 307 2,414
Primary traverse:
Indiana, North Vernon-Tiplon. .« .u.evenermniiiiiiiiiiiiieiitianeinereannnaaae 100 f..........
Louisiana, Mansfield-Naples. .. .ccvveeieeeiaiiiiueiieiairaeeeunnseniniaseerees 150 [ceeennnins
7 e b1
Reconnoissance:
California-Oregon 400 26,000
Washington-Puget Sound .. 100 600
Indiana (primary traverse), North Vernon-Tipton 15 foonennte
7 O O PP 616 26,500
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TrianguLATION—Continued,

Lengthof{ Areas
scheme. | covered.
SUMMARY.

Miles, |Sg.miles.
SPrimary triangulation. .. .o cceer i cieeeieiitariatctec st cacnaaenanaens 745 32,175
Tertiary triangulation...... e reeeeesereeecemaetioerrricataten ettt tstaasntanannes 307 2,414
OBl e ee e e ee i iecariiiasetnearrasscecnascarsessansassasenanersannsonenn 1,052 3489,56
ROCONMNOISSANECO. - o nerniienrerneinesnaaanccrtascursussessennnsnsssnnnnmncsucssassanse B15 oeainnnnn
L ATy FLA VOIS0, e e ieneeneaecareasameaaoeeinscnscseasansssnnrenraascnssananss 250 Jeeenenenne

Precise levels—There were 2,246 miles of precise leveling run dur-
ing the fiscal year 1920. The lines of precise leveling are as follows:

Miles.

Rouses Point to Williamson, N, Y _________ S 324
Black Rock to Williamson, N. Y - _ - 132
Kirk, Oreg., to Roseville, Calif 380
San Jose to Santa Ana, Calif______ . _____ 491
Hillsboro, Tex., to Naples, La _ - 444
Klamath Falls toward Ontario, Oreg 55
Weed, Calif., to Portland, Oreg : 420
Total 2, 246

An interesting development in long-distance leveling is worthy of
note. Although the type of geodetic level now used by this Survey
was adopted in 1900, there had been no occasion to use other than
ordinary lengths of sights in the extension of the precise-level lines
until a connection was required between the bench marks on the op-
Eosite banks of the Mississippi River in the vicinity of New Orleans,

a. In making this connection a method to which the instrument is
peculiarly adapted was substituted for the usual method of waving a
target into the horizontal line of sight.

he features of the instrument which lend themselves to this
method of observing are that the telescope is irreversible and that it
is supported near the object end by a pair of pivoting screws and
rests upon the head of a micrometer screw near the eye end. (Ses
fig. 14.) DBy turning the micrometer screw the eye end of the tele-
scope can be raised or lowered, and thus in sighting through the in-
strument the stadia wire can be made to pass over a large field. The
micrometer head is divided into 100 equal parts, and an index is
provided for reading the setting of the head.

The general scheme of this method of observing is that simultane-
ous reciprocal observations are made at each of the points on oppo-
site sides of the river. Instead of waving a single target into the Iine
of sight, when the bubble is in the middle of the tube, two stationary
targets are set on each rod, one above and the other below the line
of sight. By reading the micrometer head, with the middle wire on
the top target, with the telescope level, and with the middle wire on
the bottom target, respectively, the reading on the rod at the point of
inersection of the line of sight, when the telescope is level, can be
determined, as the distances from this point to the two targets will
be proportional to the corresponding differences in the readings on

the micrometer head.
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At the point selected for the crossing, the Mississippi River is
about 1,200 meters wide. Observations were made on November 18
and 19, 1919. Four sets of readings were taken each day, making a
total of eight determinations of the difference in elevation for the
two days. The probable error of the mean of the eight determina-
tions was + 0.89 millimeter.

Magnetic observations.—In the continuation of the magnetic sur-
vey of the United States observations were made during the year at 79
stations in 22 States, of which 24 were new primary stations, 11 auxil-
lary stations, 42 repeat stations for the determination of secular
change, and 2 new stations in old localities. Meridian lines were
established when they were requested ll\)iy the local authorities.

The ,observatories at Cheltenham, Md., Vieques, P. R.; Tucson,
Ariz. ; Sitka, Alaska; and near Honolulu, Hawaii, were in operation
throughout the year. A continuous photographic record was secured
of the variations of declination, horizontal intensity, and vertical
intensity. Absolute observations were made at least once a week. A
seismograph was in continuous operation at each observatory.
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CHAPTER IV.

SHOWING CONDITIONS AND NEEDS OF HYDROGRAPHIC SURVEYS,
WITH ILLUSTRATIONS—UNITED STATES AND POSSESSIONS.

HYDROGRAPHIC SURVEYS.

In the present and previous annual reports there are printed dia-
rams of the “ Condition of field operations.” These diagrams are
intended to show in a graphic manner where our surveys are at pres-
ent ade&uate, or where surveys are needed and of the type of survey
reguire to make our charts up to date and thoroughly reliable for
safe navigation. There have also been printed two special publica-
tions, * The Neglected Waters of the Pacific Coast,” and © Safeguard
the Gateways of Alaska,” which were written to call attention to the
urgent need for surveys along these coasts.
‘ t is thought it would be helpful to a clearer idea of the Survey’s
problem in charting the waters of the United States and its posses-
sions if, in addition to these publications, several of the areas where
surveys are now in progress should be described and the reasons given
for making the surveys. o :
«.For purposes of description it is convenient to arrange our hydro-
graphic surveys.into five types. One of each type is described below.
1. Original surveys—Areas hitherto unsurveyed or at best covered
iby surveys of an exploratory character. ' :
t is not necessary to go as far afield as Alaska or the Philippine
“F&lands ‘to find an area requiring’an original survey. Such an area
is to be found along the coastof 6regon, extending from Cape Blanco
northward to near Cape Lookout. The accompanying illustration

(see fig. 15 opposite p. 64), which is a reproduction of a section
of one of the Oregon coast charts, shows plamlfr, by the almost entire
absence of soundings in the water area, how little is known of the
depth along this stretch of coast. It is in the same class with some
of the rarely visited portions of Arctic Alaska. But, unlike the lat-
ter, these waters of unknown depth which intervene between San
Francisco on the south and Portland and Seattle on the north are
traversed by a fleet of vessels bearing a large fraction of the com-
merce of the world. . )

The Coast Pilot states that their navigation presents to the navi-
gator a problem of unusual difficulty. The courses must be traversed
during frequent periods of thick weather, with the vessel subject to -
the action of currents whose velocity and even direction are uncertain,
Undér these conditions it is obvious that there is only one method of
safe navigatipn; that is, by means of the lead. But this method can
only be efficiently employed when the depths are adequately shown,
a condition notably absent on existing charts. . ‘ : ‘
+ 2. Offshore surveys are like inshore surveys in that the object of
both is to furnish the navigator with information of the depth and
configuration of the bottom by which he can lay a safe course and

12788—20-—b6 65
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verify his position from soundings. They differ with respect to the
amount of information required. In shoal inshore waters, where the. -
dangers approach the surface, the surveys are more elaborate, and
many more soundings are taken than in deeper water offshore beyond
such dangers. The surveying methods and apparatus also differ.

For inshore surveys well-determined objects on shore, like spires,
lighthouses, or specially built wooden structures are available for
fixing the position of the surveying vessel while sounding.

Offshore, beyond the visible range of such objects, well-defined
mountain peaks can be used on a mountainous coast liké that of the -
Picific. But on a low coast, like that of the Atlantic and Gulf,
where all land features have sunk below the horizon long before the
outer limit of the offshore survey is reached, the location of the
vessel and soundings must depend on carefully recorded speed and
compass direction, with an allowance for currents and wind pressure.
This method is termed by navigators “ dead reckoning.” In survey-
ing practice the uncertainties which exist in the use of this method
‘in ordinary navigation have been reduced by stopping at intervals to
observe currents and wind pressure and by starting from and return-
ing to well-fixed positions. -

The work now in progress in the vicinity of Cape Mendocino is an
example of an offshore survey on the Pacific coast. Vessels approach-
ing Cape Mendocino from the morthward (see fig. 16, opposite)
must avoid Blunts Reef, the dangerous area of rocks and shoals off
‘the cape, and at the same time must pass within the sound of the
fog signal on Blunts Reef Light Vessel; in order that from it they
may shape their course for Point Arena, 97 miles beyond. In order
to accomplish this, when about off the entrance of Humboldt Bay they
feel their way into a depth of 30 fathoms and then follow the 30-
fathom curve, which is almost a straight line, leading clear of all
danger, but within easy hearing distance of the fog signal on the light
vessel. : : R

The importance of having complete and detailed surveys now
becomes obvious. In order that it may be possible for the mariner
to utilize the method of verifying his position by sounding, the chart
must show in detail the correct depths at every place where it is
possible for soundings to be taken. By means of improved devices
1t is possible for vessels, without stopping, to sound in any depth
up to about 100 fathoms (600 feet). Therefore, the chart to be
complete should show the depths of all waters out to and beyond the
100-fathom curve. This the charts did not show when the surveys
now in progress of this region were undertaken. :

The results already obtained are of unusual interest and afford-a
striking demonstration of the value of this class of surveys. This

- will appear by referring to pages 18 and 14 of “The Neglected
Waters of the Pacific Coast,” where there will be found the episode of
the wreck of the Bear. During the past season the uncharted sub--
marine valley, which was a large factor in causing this wreck, was
located, and being charted now becomes an aid to navigation rather
than a menace. ' , o

Offshore surveys in the Atlantic and Gulf coast will not develop:
the bold and striking features characteristic of the Pacific. In con-
sequence of its more advanced geologic age the coast of the Atlantic
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and the Gulf is bordered by a broad margin of shoal water. In the
process of building up this submerged plateau the tendency has been
to fill up the depressions and in general smooth out the inequalities
of the bottom. .A notable exception to this rule is the submerged
valley of the Hudson, which can be plainly recognized on the charts
extending seaward from near the harbor entrance. The less striking
features are equally important, however, and serve as well to identify
a particular locality in a water area. ,

The offshore survey now in progress from Delaware Bay to New
York Harbor is depended upon to effect a long-needed improvement
of the charts. The depths now shown are from old surveys, when
methods and appliances were far below modern standards. In con-
sequence, the contour of the bottom is represented by scattered and
unrelated irregularities instead of the systematic arrangement of
slopes of a natural formation. The real characteristics of the area
can not be recognized, and beyond the fact that they indicate there
is sufficient depth for a vessel, the soundings afford-no other assist-
ance to the navigator in shaping his course. .

- The fourth type is an inshore survey where changes have occurred
since the last survey and to such an extent that the chart no longer
represents existing conditions. :

%Vork now in progress from Port Royal Sound to Charleston, S. C.,
is an example of this type. ‘ '

This stretch of coast 1s low and sandy and includes the two large
-unimproved entrances, Port Royal Sound and St. Helena Sound. In
addition to these, a number of inlets and streams emptying into the
open ocean increase the irregular and broken character of the shore

. line. Each entrance has:its own complex system of sand shoals, com-
mencing inside the general trend- of the shore line and spreading

“out as they extend seaward. These shoals are subject to constant
change, and the land areas abutting on the inlets are also subject
to change by either accretion or erosion. Between the inlets, in front
of the continuous shore line, the contour of the bottom in shoal water
is simpler in arrangement and more stable in character. .

The survey now In progress was planned on account of the magni-
tude of the changes indicated by a recent topographical survey. The
channels over the bars at St. Helena Sound and Port Royal Sound
were surveyed as recently as 1914 and 1916, but the intervening
water areas between them and to the northward as far as Charleston
Harbor have not been examined since 1853-1863., The existence of
two such fine harbors as Charleston and Savannah, one at either end
of this stretch of coast, has hitherto had the effect of limiting its
waterways. to purely local use, with no urgent demand for new sur-
veys. The increasing number of cruising motor boats now makes
the collection of up-to-date information imperative.

WIRE-DRAG SURVEYS.

- In _the four preceding types of surveys the depths in shoal water
are determined by the lead line cast at regular intervals from the
surveying vessel. Along the sandy portions of our coasts surveys by
this method may be suﬁcient. This is decidedly not the case, how-
‘ever, in regions where there are obstructions of small area, such as
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pinnacle rocks, bowlders, and sharp rocky ledges, for it is only by
chance that they can be found by an ordinary hydrographic survey.
The Coast and Geodetic Survey has therefore developed the ap-
paratus known as the wire drag, which has been described in previous
reports. '

The work now in progress in Stephens Passage is an example of
this type of survey. On this rugged coast pinnacle rocks occur in
most unexpected localities. Alaska’s waterways are her gateways
and highways of commerce. Stephens Passage 1s a link in the chain
of waterways which form the main steamer route in southeast-Alaska.
When its waters have been dragged the assurance can be given that
all dangers have been found and charted for this route from the
glternational boundary by way of Ketchikan, Wrangell, Juneau, to
Skagway. -

In my report for 1919, under this heading, I endeavored to show in
general terms the conditions of the surveys of the important areas
along our coast and the work needed to be done to bring the charts
up to date for the benefit and safety of water-borne commerce.
These areas were thoroughly discussed, and in order that the im-
portance of the surveys may again be brought to your attention much
of the material is again used in this report. To facilitate reference
to the text and to the locality diagrams were inserted showing the
important steamer courses; the courses being numbered to correspond
to the para%raphs of descriptive matter. Using these sketches as
base maps, I have endeavored to show the progress that has been
made in the hydrographic and topographic work, using the ‘same
sequence in numbering the courses and descriptive matter pertaining
thereto.  As previously stated, a detailed analysis of the conditions
and the progress of the work can not be given in this limited space,
but I have shown on the base maps the areas covered during the:
past year, with supplementary notations to the original text. . =

‘1. %eep-dmft, along-shore course from the. Canadian boundary to
the outer limit of Isle aw Haut Bay.—The entire area that this course
covers is a region of ledges and bowlders. The ledges rise abruptly
from the deep. water and the bowlders ordinarily lie singly or in
clusters on an otherwise flat bottom, so that the navigator can not
depend on the lead to avoid them. The thoroughfares affording an
exit to the Bay of Fundy from Passamaquoddy Bay and St. Croix
River have been wire-dragged. Also an area 15 miles in length
between Machias Seal Islands and Petit Manan Island. There is
still remaining a large area as yet untouched by the wire drag.
There are a number of towns along this course that depend on water-
‘borne traffic for shipping out their produce and receiving their sup-

lies. The commerce consists in lumber, fish, and fuel, and miscel-
aneous merchandise, constituting the supply of the smaller and
larger fashionable summer resorts, of which the largest is Bar Har-
bor, Me. The exceptionally rocky coast makes it certain that a wire-
drag survey will result in the discovery of many rocks which now
endanger the safety of commerce over this course. (See fig. 17, op-
posite p. 68.) : _ -

9. Frenchman Bay—This body of water lies westward of Schoodic
Peninsula and eastward of Mount Desert Island. It is the approach
to the town and important summer resort of Bar Harbor, Winter.
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Harbor, South West Harbor, North East Harbor, and many small
villages and naval coaling station on the north side of Eastern Bay. -
The bay is frequented by many passenger steamers, yachts, small
craft, fishing vessels, and a few cargo vessels. This area has been
dragged to a line extending westward from Schoodic Island whistle
buoy, though not to depths now considered necessary. The value of
the work is further impaired by the necessity of passing over not
less than 14 miles of undragged, doubtful area, in order to reach the
bay from the open sea. (See fig. 17, opposite p. 68.) , e

3. Inland thoroughfares from Mount Desert Island to Rocklond.—
There is a series of valuable inside passages along the Maine coast
that are very narrow in places and wind between rocky ledges.
Owing to the nature of the bottom they are in particular most
likely to be obstructed by pinnacle rocks or the extension of narrow
ridges out into the channel. The onlﬁpart of these channels which
has been dragged lies between Blue Hill Bay and the western en-
trance of Penobscot Bay. The results obtained have been so startling
that they clearly indicate dangers in the use of channels that have not
been dragged. (See fig. 17, opposite p. 68.)

4, Penobscot River—This river, emptying into the head of Penob-
scot Bay, forms the approach to the towns of Bucksport, Winterport,
Hamden, and Brewer, and the city of Bangor, the latter two at the

~head of navigation, about 24 miles above Fort Point Lighthouse at
the entrance. It has considerable trade in regular steamers draw-
ing about 10 feet, and many vessels trading to Bangor draw as
“much -as 18 feet. i’ractically the entire river above Bangor is used
in lambering. “¥From the mouth of the river to Bangor there will
be no positive certainty of the absence of all dangers to navigation
until the area has been dragged. (See fig. 17, opposite p. 68.). -
i3 B Penobscot Bay.—In Penobscot Bay every port has benefited by
‘the practical completeness of the wire-drag work. There are, how-
ever, some of the less-important sections to be dragged, and some
‘of the approaches from the eastward are not yet completed. The
wire drag, as used by the Coast and Geodetic Survey, was developed
in this region, and some of the area was not dragged to the depth
now believed necessary. The size of vessels has increased rapidly,
and additional work is necessary to protect this increased dra
(See fig. 17, opposite p. 68.) As it has required time to solve
all the probiems involved in dragging to this greater depth, it is
probable that much of the deeper part of Penobscot Bay which was
covered during the development of the wire-drag apparatus will later
“have to be dragged to a greater depth. :
6. Penobscot Bay to Casco Bay (deep draft)—The coast of New
England throughout its length presents practically one uniform
" problem to the hydrographic engineer. Surveys of varying degrees

of completeness have been made of the entire area, and 1t is possible’
- for navigators to select. channels which are apparently safe. They
would be of ample depth if it were not for the ice-worn granite rock
or the large bowlders deposited during the glacial perioxi The lead
line is not adapted to find without assistance dangers of this char-
acter. This thoroughfare presents uneven and rocky bottom be-
tween Monhegan Island and the eastern entrance to Casco Bay,
which should be dragged to remoye all doubt of the existence of
Pinnacle rocks or small ledges. (See fig. 17, opposite p. 68.)
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7. Penobscot. Bay to Casco Bay (moderate draft).—From the
western entrance of Penobscot Bay to Casco Bay there has been no
wire-drag work done. The inside route is constantly used by coast-
ing steamers, but it is certain that it has within its limits many
uncharted rocks, some known locally and some unknown. (See fig.
18, ol;)Posite . 70. , ,

8. Booth Bay Harbor—This forms the approach to the town of
Booth Bay Harbor and numerous smaller summer resorts. It is fre-
quented by many vessels and by a large number of fishing boats and
pleasure craft in summer. It is one of the best anchorages on the

“coast of Maine, and is much used as a harbor of refuge by all classes
of vessels. This area is in urgent need of a wire-drag survey. (See
fig. 18, opposite p. 70.) :

9. Kennebec River—It is the approach to the cities of Bath and
Augusta, the towns of Woolworth, Richmond, and Gardiner, and
numerous smaller villages and summer resorts. The river has con-
siderable water-borne commerce, the deepest draft being about 21
feet to Bath and 14 feet to Augusta.. There is urgent need for a wire-
drag survey of this river. (See fig. 18, opposite p. 70.) ‘

10. Casco Bay—Casco Bay and the approaches to Portland have
been dragged with the result of finding numerous uncharted shoals,
thereby furnishing important evidence of the need of carrying the
survey to the eastward and.westward to a junction with completed
work. A resurvey of inner Casco Bay is badly needed, the glaciers
having left a series of long narrow and dangerous ledges which re-
quire closer examination. - (See fig. 18, opposite p. 70.) v N

11. Portland Harbor and approaches.—These have been dragged,
and all dangers to navigation are shown on the charts. (See fig. 18,
opposite p. 70.) . ‘

12. Portland to Portsmouth (moderate draft).— Westward of
Portland the succession of sand beaches, of which Old Orchard is
the best known, might appear to indicate an absence of rocks in this
region. The depth of sand above the underlying rock is not great,
‘however, and pinnacle rocks occur outside these beaches. There is
a gap in the wire-drag surveys between Cape Porpoise and Cape
Elizabeth which must be comp%eted to make this portion safe. (See
fig. 18, opposite p. 70.) ' T

13. Portland to Cape Ann (deep draft).—The region from Boon
Island to Isle of Shoals is very rocky, and its importance as the ap-
proach to Portsmouth is well recognized. The area has been covered
by the wire drag which now forms a continuously dragged area from
Ca'lz)e )Porpoise to within 10 miles of Cape Ann. (See fig. 18, opposite -
p.- 0.): . ’ : .

14. Portsmouth Harbor—This area has been dragged, and all
dangers to navigation are known. (See fig. 18, opposite p. 70.) =
15.- M assachusetts coast north of Cape Ann.— From' the New
Hampshire border to Cape Ann the shores are entirely different from
those to the north or south. There are high sand bluffs in places and
low sandy shores in others. As a result, the depths along the shore
are changeable, and, though they have been recently surveyed, they

will need further attention. (See fig. 18, opposite p. 70.) :

16. Cape Ann to Oape Ood Canal.—A completely dragged area ex--
tends from Cape Ann to Cape Cod Canal and from the head of Buz*
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zards-Bay to Sakonnet Point, R. I. With the exception of the areas
near the shores of Buzzards Bay, this important survey is complete.
This work was made especially necessary by the opening of the Cape
Cod Canal in 1915, the original surveys having beeni made while the
commerce of the region was relatively unimportant. A number of
shoals were found of less than the proposed canal depth. It was im-
portant not. only to find those shoals of less than the proposed canal
depth, but also those which might become a menace at some future
date in case it should be necessaty to deepen this canal to take care
of the largest vessls. With this view the drpg was carried at a
sufficient depth to meet such requirements. Even should a depth of
40 feet be -adopted for the canal, the present surveys of the ap-

roaches will be found adequate, and where less depths have been

ound the information will be invaluable to the engineers making
the improvement. (See fig. 18, opposite p. 70.) - : o

17. From Boston southk outside Cape Cod.—Much of the traffic be-
tween eastern New England and points west and south passes outside
of Cape Cod; most of it through Nantucket and Vineyard Sounds.
Off Cape Cod the surveys are not complete. In Nantucket Sound the
entire route is through channels bounded by shifting sand, and re-

uires frequent revision work. In one part of the channel most used,
(t]hrough Pollock Rip Slue, a shoal was formed in the last few years
that has been steadily narrowing and decreasing the depth of the
channel. = A resurvey of parts of this route is neeged every. few years
to:insure safety to navigation. No rocks abound eastward of Cape
Cod, but in'the north half of Nantucket Sound and the western part
of Vineyard Sound large bowlders occur and wire-drag work is
needed. At present vessels must pass over 10 miles of undragged
_area in following the best channel through Vineyard Sound. (See
“fig.“19, opposite p. 70.) ' SR : S

18. From Cape Cod Cannal through Buszsards Bay.—This route
has been dragged out to the eastern limit of Long Island_Sound.
(See fig. 19, opposite p. 70.)

20. Entrance to Narragansett Bay, Block Island Sound, Fishers
Island Sound, and eastern port of Long Island Sound.—These areas
are practically completed, with the exception of the central and
western parts of Long Island Sound, which remain to be dragged.
(See fig. 19, opposite p. 70.) . R

21. Gulf of Maine—The portion of the Gulf of Maine of which
this Bureau makes surveys may be considered as lying to the west-
ward of meridian 67° 0’ and extending to Nantucket Shoals. This
entire area has been inadequately surveyed, as it was accomplished at
an early date when both the appliances and the methods were far
inferior to those of the present day. Not only are the soundings ob-
tained insufficient, but many of them are not located correctly on the
charts. A good example of this is the discovery several years ago that
only one shoal rock exists on Cashes Ledge, where two were charted,
and that Sigsbee and Ammen Rocks formerly shown 4 miles apart,
are really the same rock. These defects in the charts are serious for
two reasons: The trans-Atlantic steamers approaching the ports of
northern New England, especially Portland and Boston, are unable
to depend on the charts of the gulf sufficiently to locate themselves
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accurately by sounding. This is particularly serious during the fo
of summer, which often extends far out to sea and lasts for gays, and
during the winter snowstorms. In addition to this, the fisheries of
the Gulf of Maine are an important national asset. Not only are
many important fishing banks uncharted, but the limit and depths
of known banks are not correctly given. Besgides, there is' not at
present enough information available as to the character of the
bottom. The knowledge of rocky bottom may lead to the discovery
of good fishing grounds. (See fig. 20, (g)posite . 72.) ‘

9. N antucl?e‘t Shoals to Georges Banks~—Extending eastward
from Nantucket Sound there is an immense shoal area, consisting of
sandy ridges which are shifted by the waves and currents. Nan-
tucket Shoals extend about 50 miles offshore; then there is a deep
channel followed by ridges. It is readily seen that it is important
to keep the channel surveyed and to examine the adjacent shoals
to detect changes; but it might readjly be asked, What is the use of
surveying such areas as Nantucket Shoals, which vessels are most
careful to avoid? First, it is necessary to be certain that the outer
limits of these shoals are clearly defined in order that they may be
avoided; second, the shoals are important fishing grounds; third,
more careful surveys may develop safe channels for coastwise-naviga-
tion channels which are already indicated on the charts, but are
unsafe to-use because of inadequate surveys. Due to the constant
changes the existing surveys are nowhere adequate. - The shoals are
so numerous and the channels so intricate that a-difficult problem
is presented in their examination by accurate methods. The:ground
fishing, which has in' recent years assumed large proportions, is:
steadily moving seaward. During the winter Nantucket Island is
the headquarters of this industry. Not only do the present charts
lack the needed information in the search for new ground but the
absence from the charts of existing shoals is a source of danger to
the boats running to and from the harbor. Breakers: often occur
where there is ample depth for boats when the water is smooth. This
is an excellent example of how a region usually avoided by commerce
may be of importance to an industry which furnishes part of the
food supply of the Nation. (See fig. 20, opposite p. 72.) . -

28, T'rans-Atlantic approach to New Y orkt—There is scarcely any
part of our coast where correct soundings are of more importance
than in the approach to New York from the eastward, as all trans-
Atlantic steamers bound to that port pass over this.area. Many of
them have to depend on soundings for safety. A fairly good survey
of this area is available, but additional work should be done by mod--
ern methods in the portion out of sight of land so that the needs of
the enormous traffic will be met. (See fig. 20, opposite p. 72.)

24, From Point-Judith to New ¥ ork.—It is almost unnecessary to’
go into particulars, except to make it clear that the central and
western parts of Long Island Sound remain to be dragged. This
‘work :will ‘be undertaken at the earliest opportunity. At present
New York Harbor has but one exit to the sea for deep-draft vessels— -
by way of the Lower Bay and through Ambrose Channel over Sandy
Hook Bar. ‘The other exit, through Long Island Sound and Block
Island Sound, is obstructed by ledges at Hell Gate, in the East:
River. The project to remove these and .secure a depth of 40 feet
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is now in progress. Before it is completed, channels of this depth
in the Sound should be examined with the drag to make certain
they are safe. This would also apply to Fort Pond and approaches,
if the proposed trans-Atlantic terminal is located at that place. “The
project to deepen last River to 40 feet makes it necessary to be
certain where the channels with such depths are located in Long
Island Sound. : The work done in Block Island Sound has defined
the limit of such depths in the eastern approach to Long Island
Sound, and it is urgent that the entire area should be completed
without delay. The approaches to all the harbors on Long Island
Sound. should be dragged. The shoaler bays are used extensively
by motor boats, and the number in operation for a given area is
probably greater than anywhere else in the United States. (See fig.
21, op?osite p. 72.) '

25. Hudson River.—The Hudson River is a valuable waterway
between New York and Albany and is a part of the canal system of
the State.- A few years ago a dangerous rock was found directly
in the path of steamers between New York and Albany, With such
? g)ossﬁibility all the doubtful part of the Hudson should be dragged.

ee :

. 21, opposite p. 72.) :

26. New York Harbor~—New York Harbor has had a recent sur-
‘vey, but as it is an area subject to change it will require a survey, at
least in part, every few years. (See fig. 21, opposite p. 72.)

21, Coast of New Jersey.—-—‘Alongf%he most of the coast of New
Jersey:-the character of the bottom is such that the exact existing
depths should be'ascertained beyond all doubt, particularly as shoals
dangerous to coastwise.traffic have been reported from time to time.
The only reliable surveys along this stretch of coast have been made
in connection with searches for-these reported shoals. Eastward of
“Cape May there are shoals that need a resurvey. ' Surveys from Cape
Henlopen to New York are now in progress. This survey will ex-
tend out to the 100-fathom curve. _(See fig. 21, opposite p. 72.)

- 98. Deloware Bay.~—Delaware Bay has as its most marked char-
acteristic a series of narrow, fairly deep channels separated by long,
narrow shoals. These shoals are subject to change. A survey is
needed now, and one should be made about every 10 years in the
entrance and at longer intervals in the upper bay. While dredged.
channels are maintained for most of the distance from the entrance
of the bay to Philadelphia, vessels of moderate draft use the other
channels. In view of t%e importance of the cities at the head of the
bay and on the river, it is highly important that the needed surve
of Delaware Bay be made so that a chart of the proper standar
may be issued. iSee fig. 22, opposite p. 74.) ‘

29. Delaware Bay entrance to Chesapeake Bay.~—From Delaware
Bay entrance to Chesapeake Bay there is a succession of shoals and
banks.  Many of these are buoyed so that moderate-draft vessels may
pass inside of them. In certain regions it is of the highest im-
portance that the survey should be correct and kept up to date.
At only one place has a comprehensive survey been made, and this
was the investigation of a reported shoal. The work of surveying
this area was taken up in July, 1919, and carried on until the winter
ggles«made~it;‘impmcticable to continue work on the open coast. (See

g. 22, opposite p. 74.) '
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- 80. Chesapeake Bay and tributaries—These have been extensively
surveyed in recent years, and a large number of tributaries will not
require resurveys for many years. This is also true of the Potomac
 River. The parts which need resurveying are parts of the bay from
Cape Charles to a point opposite Annapolis, parts of the James
River, and the Rappahannock and Susquehaznna Rivers. The
entrance has been recently surveyed, but another survey will prob-
ably be needed in 10 years. Owing to the shifting sandy bottom,
the bay is greatly in need of examination at critical localities where
depths are near the draft.of vessels; frequent reports indicating
presence of new shoals. (See fig. 22, opposite p. 74.) R

31. Chesapeake Bay entrance to Cape Hatteras~—The diagram
shows the tracks for both the light-draft and deep-draft vessels.
While a resurvey is desired, the most pressing need is that the present
lirr’xzit of shoal areas be accurately determined. (See fig. 22, opposite
L4y :

P 32. )Albemarle Sound.—Albemarle Sound and its tributaries, with
a few exceptions, have been resurveyed within the last few years and
will not require resurveying for a long.time. The uncompleted
portions, including the North and Alligator Rivers, should be fin-
ished in the near future, as they form part of the project for a
through 10-foot channel of the inside waterway route. The Chowan
- River, which is the western extension of this sound, should also be
finished, and then the surveys of this region would be in a most
satisfactory, up-to-date condition. (See fig. 22, opposite p. 74.)

'838. Oroatan Sound.—Croatan Sound, the connecting link:between
Albermarle and Pamlico Sounds, has recently been resurveyed, but
the depth is so near to the draft of vessels using it that the surveys
will have to be revised from time to time. Changes in the main
cha,nne% have occurred within the last two years. (§ee fig. 22, oppo-
site p. 74. : o

341.) Paw)blz'co Sound.—Pamlico Sound has additional importance
owing to its relation to the inland waterway route. The eastern
half of the sound is well surveyed, but the entire ‘western half and
the Neuse River, which, in addition to its local use as part of the
through 10-foot channel, have not been completed; the survey is
now in progress. (See fig. 22, opposite p. 74.)

. 85. Diamond Shoals—Diamond Shoals off Hatteras should be
resurveyed chiefly to determine changes in their extent, and par-
ticularly to obtain a knowledge of the correct depths omthe seaward
side. (See fig. 22, opposite p. 74.) ;
86. Cape Hatteras to Winyah Bay, S. 0 ~Nearly the whole of
this area is in need of a new survey, as those now charted are not
in sufficient detail for modern navigation. Next to Diamond Shoals
in importance to_coastwise navigation are the shoals extending sea-
ward from Cape Lookout and Cape Fear. They are subject to change
nn(% s§1ould be examined at short intervals. (See fig. 23, opposite .
p. 74 : : ,
P 37. Winyah Bay to Fernandina, Fla—This region has been re-
cently surveyed, the avork extending out to 100-fathom curve. (See
fig. 23, opposite p. 74.) : . .

38. Fernandina to the Florida Reefs—From Fernandina to the.

Florida Reefs the area of moderate depths continually narrows,.
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-until at Palm Beach the distance to the 100-fathom curve is very
small. - The completed survey referred to in paragraph 87 extends
southward to a little below St. Augustine. = South of gt Augustine;
the bottom is probably not subject to change except as noted below,
and the surveys, while by no means complete, are fair. Off Cape
Canaveral and-outside the southern half of the Indian River there
‘are extensive banks and ridges in urgent need of resurvey. Known
depths of 11 to 16 feet a long way offshore show the need of further
-surveys-to make certain that aﬁ, the shoals are correctly charted.
From Jupiter Inlet to Fowey Rocks, where the Florida Reefs begin,
the ‘deep water approaches so close to the shore that it will be a
slight task to complete inshore work in:connection with the ofishore
surveys. = (See fjf 24, opposite p. 76.) ‘ o E e
- 39. General, Atlantic and Gulf Coasts—An explanation of the
method used in'verifying the location of a vessel by sounding when
objects on shore are obscured by distance or thick weather will show
why accurate charts are particularly needed from New York to
Palm Beach and from Key West to the Mexican Border. At fixed
intervals the vessel takes soundings, ‘which are plotted to the-scale
of the chart on tracing paper, and this is moved over the chart,
keeping the line joining the soundings parallel to the course of the
vessel until the soundings agree-with those shown on the chart. " If
the charts are correct and %msed on a sufficiently modern survey,
the method is one of the best known for verifying the ship’s posi=
tion. If, on the other hand, the soundings are few and far apart
"so that the ship’s soundings fall between them, and if those on the -
“chart. are wrongly placed, this method becomes much more difficult
and an accidental agreement may lead the vessel into danger. = -
. From New York to Cape Hatteras while the charts are fairly good,
they are by no means good enough to meet the full needs of navi-
gation, but the work required to bring them up to ‘date has been post-
poned, as the need for resurveys has been more urgent farther south.
% y to a few years ago the offshore surveys from Cape Hatteras to the
Fl%r«ida-Reefs were almost unbelievably deficient. This condition is
being remedied as rapidly as possible, and between Winyah Bay, |
S, Cg, and. St. Augustine, Fla., the offshore work out to the: Gulf
Stream is complete. It is important that this work be extended both
north and south from its present limit as rapidly as possible. “With-
adequate .funds full advantage can be.taken of.the seasons and by
~working north in the summer and south in the winter the cost of the:
- work ‘will be greatly reduced. . (See fig. 24, opposite p. 76.) . .
40. Indian r}3irv.er.—-There have been no recent,surveys of these
waters.  Revisionary work is needed. (See fig. 24, opposite p. 76.)
- 41, Biscayne Bay.—Recent surveys have been made of this ‘area
~out_to the 100-fathom .curve, in the vicinity of Miami and as far
'south as Fowey Rocks. (See fig. 24, opposite p. 76.) . =
.+ 42, Vicinity of Fowey Rocks Ligiz_t.———No\ recent surveys have heen’
‘made.; . Inshore and offshore work. is in progress eastward from
Key West, which includes this area. The present surveys are not
-sufficient in’ detail. (See fig. 24, opposite p. 76.) -~ -
Coast 'of Florida from Palm Beach around to Cedar Keys.—
distance alo

~ward around to' Ce

hg;;the‘shbre,df.'\5‘67 ‘miles from Palm Beach south--
dar Keys on the west coast of Florida, coral reefs.
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are found, in some places more abundant than in others. Coral reefs,
whether the result of disintegration, or of a building up by animal
growth, arve found in a great variety of forms and in vast numbers of
sharp projections from the general bottom, where conditions are
favorable for the growth of coral. While we are informed that an
enormotts number of uncharted rocks exist in this region, due to the
fact that they are so numerous and that the region is so large, an effort
has been made to first drag areas of the coast used by eommercial
and naval vessels, because of both the time and cost involved. Wire-
drag work is accordingly undertaken in localities where there are
commerce and naval operations. To accomplish even this will re-
quire years of work. ‘Westward-bound vessels through the Florida
Straits have to force their way against the strong current of the
Gulf Stream, which in places attains a velocity of 5 miles per hour.
Along the northerly edge of the stream and close to the reefs the cur-
rent 1s very weak., There is a strong temptation to keep dangerously
close to the reefs and save fuel, and this is the cause of frequent acci-
dents. Besides the danger of rumming into the known reefs, which
are in many places bare and are of no great depth throughout their
length, another danger, the extent of which is not vet known, has been
discovered in a secondary reef, parallel to the main reef, and about
one-half mile outside of it. This secondary reef is found to approach
the surface in places as a narrow ridge with depths as little as 25 feet.
Twenty-five. miles of this reef has been examined, but 200 miles
remain to be examined. Tt is important to nearly all the great traffic
entering the Gulf of Mexico that this examination be completed at
the earliest possible moment. During the past year a vessel has been
continuously employed on the surveys of the Florida Reefs between
the Marquesas Keys and Fowey Rocks; this includes supplementary
surveys of the channels through the reefs from deep water into the
inside route lying between the veefs and the mainland; also the close
development of the shoal area westward of Key West and southward
of the Marquesas Keys. In connection with this the work has heen
carried out to the 100-fathom curve for a distance of 27 miles along
the reefs. (See fig. 24, opposite p. 76.)

44.. Vessel courses north from. 2’07/ West.——Vessels bound for east-
ern gulf ports naturally wish to take the shortest route. T{ of light
draft they can cross the Florida Reefs at ey West.  The next chan-
nel is between Rebecea Shoal and Dry Tortugas, and if this is not
used vessels must pass well to the westward of Dry Tortugas to avoid
a shoal bank west of it.  The Rebecea Shoal channel has heen dragged
and has ample depth of water. The bank west of Tortngas shonld
be dragged, especially as vessels making land from the westward
have to cross part of it. Northward of the keys from Key West to
Tortugas a doubtful area should be dragged. The necessity of this
is emphasized by the fact that the U. 8. 8. Zlis, while steaming
northward of the Marquesas Keys recently, struck a coral head which
proved to have only 7 feet over it. This coral head was directly out
of a depth of 35 feet, with no indication of its existence until struck
by the naval vessel, which was severely damaged. The channel be-
tween the keys and the reef known as the Hawlk Channel is impor-
tant for moderate-draft vessels. Tt will be necessary to drag the axis
of the channel to insure against dangers to the vessels making use

of it.
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45. Cape Romano—This area is in need of surveys. An inspec-
tion of the existing maps and charts of the State of Florida show
practically a blank area for that part of the peninsula south of Lake
Okechobe. There are but few areas of the United States of like size
about which so little definite information can be obtained. North-
ward of this unknown region drainage canals are opening up the
country for development. It is not unlikely the same means will be
extended southward. At the present time this Bureau should pre-
pare to meet a demand in the near future for the delineation of a
broader belt of country back of the shore from Cane Sable to Punta
Rosa than is now shown on our charts. Tourists and land prospec-
tors are now exploring this intricate system of island and waterways.
{See fig. 24, opposite p. 76.)

46. Charlotte Harbor—No recent surveys have been made of this
area and it should be resurveyed. (See fig. 24, opposite p. 76.)

47. Tampa Bay and approach.~The existing surveys at present
xnegt the needs of navigation of these waters. (See fig. 24, opposite

.76,

48. )C'edar Keys.—No recent surveys have been made of this region.
Wire-drag surveys are badly needed. (See fig. 24, opposite p. 76.)

49. Apalachee Bay.—No recent surveys have been made of this
region and vevision work is needed. (See fig. 25, opposite p. 76.)

50. Inshore waters, Gulf coast.——The chief characteristics of the
west coast of Florida are the distances to which shoal water extends
offshore between Cape Sable and Cape Romano and from Tampa Bay
to Apalachicola and the existence of a large number of bays con-
nected with the sea by deep channels, either natural or dredged.
From Apalachee Bay to Cape San Blas the coast begins to assume a
character more like the South Atlantic coast, and coral bottom is no
longer found. This stretch of coast is sandy and sand shoals extend
off some distance, especially in the vicinity of Cape San Blas. This
region needs a resurvey and, like other sandy portions of the coast,
will need resurveying from time to time. The Florida and Alabama
coasts differ somewhat, as deep water approaches close to the shore
in the latter. The coast of Mississippi and Louisiana has a very large
proportion of changeable area, and resurveys are needed now and
will be needed from time to time in the area from Mobile Bay to the
end of the offshore shoals of Vermilion Bay. The immense load of
sediment carried by the Mississippi River, especially in time of flood,
causes constant changes in the delta. The deposit of sediment and
the action of the waves on the deposits result in rapid growth in some

laces and of erosion in others. Sixty miles west of the Mississippi

elta there begins an extensive shoal region which is in need of sur-
vey. The inshore region along the rest of the Louisiana coast and
the Texas coast, with an important exception, has deep water fairly
close to the shore. The exception is along the eastern part of the
Texas coast from Sabine Pass to Galveston. Sabine Bank and Ieald
Bank have shoal depths at a considerable distance from the shore
and they should have a thorough resurvey. Galvestion Bay also
needs resurveying. (See fig. 25, opposite p. 76.)

51. St. Josephs Bay—No recent surveys have been made of this
area and a reexamination is needed. (See fig. 25, opposite p. 76.)
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52. Offshore waters, Florida reefs to the Mewican border. Along
the northern edge of the Florida Straits the soundings are insufficient,
and they will have to be carried out somewhat beyond the 100-fathom
curve. - Along the west coast of Florida the distance out to the
100-fathom curve is about 100 miles. Over much of this area the
depths are moderate and the charts are based on reconnoissance sur-
veys only. The bottom is coral rock in many places, and projections
from coral banks may come sufficiently near the surface to be a
menace to navigation. Fishermen have reported several uncharted
ridges, and while the somewhat incomplete surveys of the reported
localities have not confirmed all the details of their reports, important
differences from the charted depths have been found. The 100-
fathom curve approaches fairly close to the Mississippi Delta, then
swings offshore again, so that it is about 60 miles south of Sabine
Pass.” It then swings to the southward in a curve, which brings it
within about 80 miles offshore at the Mexican border. This whole
offshore area is badly in need of a thorough resurvey. There is no
other part of the work in offshore water so likely to be productive in
furnishing important changes in existing charted depths. (See fig.
26, opf)osite p. 78) . : T

58. Pensacola Bay.—Surveys have recently been completed in the
entrance to the bay; the entire bay requires reexamination. (See
fig. 25, opposite p. ’}7'6.) _ o

54. Mobile Bay.—A resurvey of this bay has been completed.
(See fig. 25, opposite p. 76.) ' ) : ,

" 55. Mississippi Sound.—A resurvey of this sound has been.com-
pleted. (See fig. 25, opposite p. 76.)

56. Lake Ponchartrain—In connection with the surveys in Mobile
Bay and Mississippi Sound, a recent survey has been made at the
eastern end of the lake. The greater part of the lake has not been
examined for 20 years. (See fig. 25, opposite p. 76.) = -~

57. Approaches to Mississippi Passes—Resurveys of a large area
have been completed recently; further work is required. It is ex-
pected that the work now progressing westward from the entrance
to Mobile Bay will reach the southwest pass in the next fiscal year.
(See fig. 25, opposite p. 76.) ' ;

58. Vermilion Bay and Cote Blanche—No recent surveys have
bee';l made of these areas. Surveys are needed. (See fig. 26, opposite

. 18, ,

P 59. )Approaciz, to Sabine Pass.—No recent surveys have been made
here; revisionary surveys are needed. (See fig. 26, opposite p. 78.)
~ 60. The surveys of Porto Rico were begun when the islancf came.
under the jurisdiction of the United States as a result of the Spanish-
American War. By 1910 the surveys of the bays, channels, and in-
shore waters were completed and a number of deep sea soundings
were taken around the island. There are, however, extending to the
eastward and westward of the island and along the south coast ex-
tensive areas where the bottom is of coral formation. There are also
reefs along the north coast, but as they are close to shore, and must
be avoided by vessels, it is only important to know their location and
limits. The areas on the east, south, and west are different in that
there is traffic between the reef and over areas where the depth is little
greater than the draft of the vessel, and the probable existence ol
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unchartered projections is a source of danger. Vieques Sound be-
tween Culebra and Vieques Island east of Porto Rico, Virgin Pas-
sage, and the approaches to the harbors of the American Virgin
Islands are in need of wire-drag surveys. The only work of this
character that has been accomplished here is in the vicinity of Maya-
guez. This work resulted in the abandonment of one channel and the
rebuoying of another. (See fig. 27, opposite p. 78.)

61. Virgin Islands.—The \%rgin slands were purchased from
Denmark, and the United States took possession in 1917. The sur-
veys that have been made are by the British and Danish Govern-
ments. At the present time the available hydrographic data regard-
Ing these surveys are being examined with a view of determining
whether they are sufficient for the needs of our naval and commercial
vessels. Tt 1s certain that the coral formation in the waters touching
these islands requires extensive wire-drag surveys before accurate
charts can be issued. Topographic surveys of these islands were
requested by the Navy Department. The triangulation was extended
eastward from Porto Rico for control of the topography. St.
Thomas and St. John have been completed and about 60 per cent of
St. Croix completed to date. (See fig. 27, opposite p. 76, and fig. 44,
opposite p. 162.) ‘

62. Panama Canal.—The Atlantic approach to the Panama Canal
has been surveyed since work started on the canal construction.
Limon Bay is, however, a region where pinnacle rocks occur. All
the anchorages should be dragged, and the work should be carried
a short distance outside. The Pacific approach to the canal has had
a recent survey and has been dragged. (See fig. 28, opposite p. 78.)

63. Pacific coast of the United States—The western coast of the
United States is very different from the eastern. Generally moun-
tainous, with comparatively few harbors or inside waterways, and
with comparatively deep water close to the shore, it presents little
resemblance to the low shores and wide continental shelf of the At-
lantic. The purpose of the survey is, then, to meet the needs of ves-
sels approaching from seaward and coasting vessels which keep to a
few comparatively rfarrow tracks, to insure up-to-date charts of the
various harbors, to make soundings offshore, and to develop fishing
banks that are known to exist. The weather is an important factor
in increasing the importance of the charts of this coast. From. Los
Angeles Harbor northward fog is very common in the summer time,
and in the winter gales accompanied by thick weather are of fre-
"quent occurrence. On the coast and in the vicinity of San Fran-
cisco thick weather is prevalent for perhaps 25 per cent of the time.
Under such conditions the navigator must rely entirely upon his
chart, and it is essential that detail surveys be made to the 100-fathom
curve, which is beyond the limit of soundings taken by merchant
vessels. Along the shore of southern California much work was done
up to 1895, and some of the surveys then made may be accepted as
final. In the vicinity of the outer islands surveys extended only a
little way from the shore, and-the deep waters between and outside
of them are unsurveyed. The few soundings taken show irregular
bottom, and breakers have been reported in places where the chart
shows 600 fathoms. These waters, therefore, should be surveyed out
to the 1,000-fathom depth. The Oregon coast is practically unsur-

veyed.
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A limited amount of work was done years ago south of Cape
Blanco and in the vicinity of the Columbia River, but this was not
more than a reconnoissance and does not extend out far enough to
be of practical value to navigators. Elsewhere no surveys have ever

. been undertaken until recently. Even in such an important lécality
as Cape Blanco, which must be rounded by all vessels plying between
the Columbia River and San Francisco, there are no soundings to
serve as a guide in thick weather, and vessels have been lost wholly
on account of this lack of surveys. Omn the coast of Oregon there
are eight important harbors on which the Government and private
interests have expended approximately $40,250,000 in improvements
designed to facilitate navigation. One of these is the Columbia
River, the gateway to one of the most important transportation cen-
ters of the Pacific coast. Yet, in spite of the immense expenditures
for improvements, there is not a single one of, these harbors the ap-
proaches to which have been adequately surveyed. The approaches
to the Columbia River have been sounded for a short distance off-
shore, but even in this area the soundings are too far apart to more
than indicate, in a general way, the depth which may be expected.
This partial survey extends southward along the coast to include
the approaches to two other harbors, The approaches to the remain-
ing five, on which $3,826,000 have been expended in improvenient,
are entirely unsurveyed. The entire Washington coast stands in
urgent need of a first survey, except in the approach to the. Straits
of Juan de Fuca and in the straits themselves, where the present
work is adequate. (See figs. 29 and 31, opposite pp. 78 and 80.)

64. Los Angeles Harbor.—Los Angeles Harbor should be
dragged. Instructions are now prepared for revision surveys of
the inner and outer harbor. (See fig. 29, ogposite p. 78.)

65. San Francisco Bay.~—San Francisco Bay is of varied character
of bottom and needed surveys vary to correspond. The immediate
approaches are complete except in the vicinity of the Iarallones.
Here additional sounding is needed, and an investigation should be
made with the wire drag to verify the existence of other rocks than
those charted. The bar outside the Golden Gate needs a resurvey.
Wire-drag work has been carried through the Golden Gate and in-
side, both northward and southward of San Francisco to the limit
of the rocky area. Surveys'in the southern part of the bay, where
the bottom is subject to change by currents, is now in progress. (See
fig. 30, opposite p. 78.) ) ,

66. dlongshore waters of the Pacific Coast States—From the
western end of the Santa Barbara Channel to Monterey Bay the sur-
veys, as a rule, extend only to the 50-fathom curve, which lies but
a short distance offshore. These surveys should be extended sea-
ward to include the usual track of coastwise vessels, which lies an
average distance of about 10 miles from shore. . From San Francisco
Bay to Point Arena a widely spaced system of sounding lines has
heen carried out to the 100-fathom curve. Here an additional amount
of work, about equal to that already accomplished, is necessary
before the survey can be considered complete. DBetween Point Arena
and Cape Mendocino, the surveys extend a uniform distance of 6
miles from shore, reaching depths varying from 50 to 600 fathoms.
Additional detailed surveys should be made in the vicinity of each
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cape, and between them the work. should be carried seaward to be-
yond the steamer track. Two vessels have been engaged during the
past year in offshore surveys in the vicinity of Cape l\/ﬁ;ndocino, with
the intention of extending the surveys both north and south of this
cape. The necessity for such surveys is shown by the location of
the hitherto uncharted submarine valley north of Cape Mendocino,
‘which was a factor in causing the wreck of the steamer Bear,

From Cape Mendocine northward to the Oregon boundary the
limited surveys existing made many years ago are entirely in-
adequate. A complete survey should be made at the earliest possible
date. There are no adequate surveys of the inshore area along the
State of Oregon. At present a party with a chartered launch is mak-
ing a survey of the Umpqua River bar, requested through the Navy
Department. Of the water off the northern part of the Pacific coast
little is known, except that the Bureau of Fisheries, acting on the in-
formation obtained from fishermen, has located certain banks. These
banks should be surveyed to determine their depth and extent, and it
is believed that a general survey carried out to the 1,000-fathom
curve will result in the discovery of other banks of great value. (See
fig. 30, opposite p. 78.) o

67. Interior waters of the State of Washington—The interior
waters of the State of Washington represent the point of change
from a practically straight coast line to the broken formation of the
coast of British Columbia and southeastern Alagka. There are .
many channels of importance leading to Seattle, Tacoma, Everett,
Bellingham, and Olympia, and connecting with the inside passage
to southeastern Alaska. All these waters should be dragged were-
ever there is the slightest doubt as to the presence of dangers to navi-
gation. (See fig. 32, opposite p. 80.) '

67a. Alaska, general—An important difference between Alaska
waters and those of the continental United States is that scarcely
enough work has been done to let us know just how much must be
done to complete the charts. The development of the country has far
outstripped the progress of surveys, not only because of the few
vessels and parties engaged in the work, but because of the great
length of coast over which the various activities are scattered and the
intricate system of channels for so much of its extent. In order to
appreciate the need of rapidly extending the surveys of these waters,
it should be clearly understood that Alaska’s only connection with
the rest of the world is by the water routes. The amount of the
natural resources of Alaska ripe for exploitation has been great and
the prize they offered so tempting that transportation could not wait
for the Government to make the way to them secure. It has gone
ahead finding its own path to new fields, suffering great losses in so
doing, but content to suffer them because the returns were so im-
mensely greater. (See fig. 33, opposite p. 80.

68. Steamer routes, southeastern Alaska.—In southeastern Alaska
the first and most obvious need is to complete the wire-drag work.
Most of these waters have been sounded, so that only dragging is
necessary to complete the survey. This drag work should be taken
up in the order of its importance, beginning with the main steamer
route through the region and then taking up the various tributary
waters leading to areas of commercial importance. For some years

12783 —20——
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past two parties have been actively engaged in dragging the main
steamer routes, and this work is now about 60 per cent complete. One
of these parties i1s now at work in Stephens Passage northward from
Frederick Sound. (See fig. 83, opposite p. 80.)

69. T'he outside coast waters of the islands bordering on the open
Pacific—These and their connecting channels are largely unsur-
veyed and should be navigated with great caution. A navigator
secing the chart on which the shore line is sketched, no soundings,
several rocks and shoal banks, notes as to rocks and breakers re-
ported, and a statement on the chart to the effect that the area is
unsurveyed, is, to say the least, unable to proceed with confidence;
and this situation is by no means unusual. The same pressing need
of such regions is a complete hydrographic survey followed later
in places by wire-drag work. The rapidly increasing commercial
importance of this region and the exceptionally dangerous character
of the waters through which traffic must pass render surveys in the -
near future imperative. Work on the outer coast is now in progress
northward from Dixon Entrance. Surveys were also in progress
in Clarence Strait and Dixon Entrance. (See fig. 33, opposite p. 80.)

70. Cross Sound to Prince William Sound.—From Bross gound,
the northernmost channel from the inside waters to the sea, to Prince
William Sound the coast has few features of present or prospective
importance. There is, however, urgent need for surveys to insure
the safety of vessels approaching and passing this coast. In this
region the charts are very defective in the manner of showing sound-
ings and prominent coastal mountain peaks and headlands that
would enable the navigator to obtain his position on approaching
from seaward. The only important break on this coast, Yukutat
Bay, lias some canneries, and additional surveys are needed here on
this account. (See fig. 34, opposite p. 82.) :

1. Prince William Sound to Unimal Pass—A very important
section of the Alaska coast extends from the waters of Prince William
‘Sound westward to Unimak Pass. Not only are the industries of
present importance, but there are extensive mineral resources largely
undeveloped through lack of cheaper transportation. The point to
be emphasized is that this is not an old, settled country, with its
needs in the matter of transportation fixed, but it is still capable
of great future development, and in considering the needed surveys
its future must be taken into account. The approaches to Prince
William Sound have been surveyed, and no resurveys for the present
are needed except-in the vicinity of Cape St. Elias and Middleton
Island. Wire-drag work will be needed in both of these localities,
as reefs and pinnacle rocks exist. Prince William Sound needs addi-
tional soundings over most of its area, and many of its branches
need original surveys. Cordova is the terminus of the Copper
River & Northwestern Railway which gives access to the important
copper mines on the Copper River. The approaches to Cordova
have been surveyed, except for wire-drag surveys needed to insure
complete safety. Seward, on Resurrection Bay, is the terminus of
the Alaska Railroad now being built by the Government. The sur-
veys of its approach are completed except for wire-drag work. It
is probable that much of the trade originating along the line of the
Government railway will be transshipped at Anchorage, at the head
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of Cook Inlet. Not only will this make it necessary for many vessels
to navigate these waters, but there are now very large salmon can-
neries all along its shores, as well as considerable mining. The pres-
ent surveys are inadequate, and wire-drag work is needed over much
of its area. Kodiak Island, with a number of canneries and with
some cattle grazing, is largely unsurveyed. From Kodiak Island
westward to Unimak Pass surveys are now in progress; only a com-
paratively small part has been surveyed at present. While the
amount of present traffic is small it is sufficient to need protection.
At present the Coast Guard vessels and the freight and passenger
vessels run grave risks in using the protected natural channel leading
along the coast inside the island. This is a particularly bad stretch
of coast, with many reefs and islands. Only in the vicinity of the
Shumagin Islands and from Unimak Pass to Unalaska Island have
surveys been made, and they are inadequate. It is not now practi-
cable to drag the entire area, but it is important that the immediate
needs of navigation, even though of limited amount, be met by
dragging a selected channel to insure the safety of vessels from
Shelikof Strait to Unimak Pass. Unimak Pass is the almost uni-
versally used channel into Bering Sea. It has been surveyed, but it
is probable that part of it should be dragged or at least further
soundings be taken. (See fig. 34, opposite p. 82.)

2. Aleutian Islands.—The Aleutian Islands have comparatively
little traflic and are without survey. It is necessary that this region be
patrolled by Coast Guard vessels. The loss of one of the vessels of
this service a few years ago was wholly due to the lack of adequate
surveys. (See fig. 34, opposite p. 82.)

738. Bristol Bay.—A large part of the salmon shipped from Alasks
comes from Bristol Bay. This is without surveys except in Nushagak
Bay and Kuskokwim Bay and River. Both of these have recent
surveys, but, as the bottom is subject to change on account of the
large rivers, future additional surveys will -be needed. As an ex-
ample of what surveys mean in a new region, the discovery of an
entrance to the Kuskokwim River suitable for moderate-draft ves-
sels opened up an immense area for grazing and also in places for
general agriculture. (See fig. 34, opposite p. 82.) )

4. Norton Sound.—The importance of Norton Sound is due to the

old mining on its northern shores and as being the outlet of the

ukon delta on the southern shore. In all of Norton Sound addi-
tional surveys are needed. It is curious that in this sound, which ac-
cording to all available information is of quite level, sandy, or muddy
bottom, Beshoro Island rises very abruptly to a height of 1,012 feet.
With such an occurrence it is not absolutelv certain that no pinnacle
rocks exist. (See fig. 84, opposite p. 82.) )

75. Bering Sea and Arctic Ocean—Except in the vicinity of
Pribilof Islands, there are no other existing surveys in Bering Sea or
to the north which can be considered of value. (See fig. 84, opposite

. 82,
P 76. )Guam.——The resent chart of the island of Guam is compiled
from Spanish and British charts and some harbor surveys by the
United States Navy. No attempt at a comprehensive survey has
been made. A complete survey should be made, not only including
the harbors, but the surrounding waters, carrying the work out to a
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depth that will be certain to include all dangers. In these waters
shoals rise abruptly from great depths, and the absence of soundings
on the charts does not imply safety, but simply absence of surveys.

7. Howaiian Islands—There are only two good harbors on all
the Hawaiian Islands, and both of these are on Oahu Island. All
of the islands except Hawaii have coral reefs around at least part of
thém. In the vicinity of Oahu, Maui, Kahoolawe, and the south coast
of Molokai the surveys are fairly complete. In the vicinity of Hawaii
the surveys are very inadequate except in the only harbor, Hilo Bay.
The west coast of Lanai and the viemity of the two westernimost is-
lands, Jauai and Niihau, are practically unsurveyed. The various
channels between the islands from Maui to Oahu are fairly well sur-
veyed. The others are practically without surveys. (See fig. 35,
opposite p. 82.) )

']78. FPhilippine Islands—The Philippine Islands are composed
of not less than 3,000 islands and islets covering an area of approx-
imately 150,000 square miles, about the same as that of the five New
England States and the State of New York combined. The total
length of the general coast line, measured on small-scale charts using
3-mile spaces of dividers and omitting islands and bays less than
3 miles long, is approximately 10,850 miles, or about the same as that
for the entire Atlantic coast of the United States, including the is-
lands. The unsurveyed hydrography covers a large area on account
of the necessity of extending this work, in some localities, for many
miles offshore, and on account of the very extensive area of the Sulu
Sea. The unsurveyed regions are as follows: The northeast coast
of Luzon from Polillo Island northward to Aparri; the region off
the north coast of Luzon, including the Babyan Islands, Balintang
Channel, the Natan Islands, and Bashi Channel ; the entire west coast
of the island of Palawan; the south coast of Mindanao, from Pola
Point to Malita, in Davao Gulf; the Sulu Archipelago and the Sulu.
Sea from the Tubbathahe Reefs south to the limit of our possessions
off the coast of Borneo. (See fig. 36, opposite p. 82.)

79. Northeast coast of Luzon~—This entire unsurveyed region,
from Polillo Island on the south to Aparri on the north, is of little
commercial importance, and being quite free from dangers to navi-
gation, the execution of the work 1s being delayed until more impor-
tant localities are completed. Little reliable information relating
to this region is available, but a number of good anchorages have
been reported. Among these are the inner harbor of Port San Vin-
cente, Dilasac Bay, Casiguran Sound, and Dingalan Bay. The first
and third mentioned are excellent typhoon harbors. The work must,
however, be done during the season of frequent typhoons, it being
impossible to approach the coast at any other time of the year on
account of the heavy sea caused by the northeast monsoon. (See
fig. 36, opposite p. 82.)

80. Off north coast of Luzon—A survey should be made of the
islands and the waters to the northward of Luzon as far as Bashi
Channel, as, in accordance with the numerous reports, there is con-
siderable uncertainty in regard to the true location of the islands
and the rocks that are dangerous to navigation in the locality. As
it is in the region visited by frequent typhoons, the work should be
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undertaken during the period when the typhoons are less frequent.
(See fig. 36, opposite p. 82.)

81. West and east coast of Palawan.—The coast line of the island
of Palawan is very irregular, indented with deep bays forming some
of the finest harbors in the "Archipelago. The whole region about
the island and cxtending southward to Balabac Island, Banguey -
Island, to Cagayan Sulu, and off the north coast of Borneo consists
of coral reefs, many small islets, and innumerable hidden dangers
to navigation. To the westward of Palawan, reefs and dangers extend
to over 100 miles offshore. The hydrographic survey of this region
involves an immense amount of labor. A preliminary survey for
the location of channels through the reefs and entrances to harbors
will first be necessary, after which these localities must be swept with
the wire drag. (See fig. 36, opposite p. 82.) .

892, West coast of Mindanao.—This island is of little commercial
importance due to the absence of harbors and having a rugged
mountainous country adjacent to the coast which is not adapted to
the growth of any of the staple products. The usual steamer tracks
do not approach the shore within 4 or 5 miles, a sufficient distance to
avoid all dangers. IFor these reasons the surveys now in progress
have been postponed for more important localities.

88. South coast of Mindanao.—This stretch of about 160 miles from
Pola Point to Malita in Davao Gulf is similar in many respects to
the west coast. In general, it is bold and steep, with numerous out-
lying reefs, which, however, do not extend a great distance from
shore. The triangulation for furnishing the controlling positions
for the hydrography and topography presents a difficult problem, the
shore lineé being invisible from the peaks and ridges but-a short dis-
tance back..

84. Suly Archipelago.—This region, about 75 miles wide, extend-
ing in a southwesterly direction from Zamboanga, on the southern
coast of Mindanao, to the coast of Borneo, a distance of about 180
miles, has scattered over it about 300 islands and islets and numerous
hidden dangers to navigation. Surveys in this area are now in
progress. It requires a survey of the most careful and intricate char-
acter, and much of the locality must be swept with the wire drag:
after the present hydrographic survey is made. The formation
is coral and dangerous to navigation, as rocks are frequently found
in localities where they are least expeci;ed to exist. The currents in
the region are very strong. The physical conditions are such that
excellent control to coordinate the work with that along the coast of
Mindanao can be obtained. (See fig. 36, opposite p. 82.) :

85, Sulu Sea~—The northern end, as far south as the Tubbataha
Reefs, except certain small area, has been surveyed with a fair degree
of accuracy, but owing to the coral formations, where hidden dangers
fI‘equently exist, wire-drag sweeping will be necessary in selected
»assages. A large part of the region to the south of the Tubbataha

eefs remains unsurveyed except for a reconnoissance with approxi-
mate locations by navigational methods. A survey of this area is
now in progress. Numerous rocks and reefs da}ngerous to naviga-
tion are scattered throughout the sea, but certain well-defined pas-
sages have been examined with sufficient accuracy to make naviga-
tion through them reasonably safe. (See fig. 36, opposite p. 82.)



Part ITI.-SUVEYING FROM THE AIR.

The great possibilities of airplane photography in cennection with
the water and land work of the Coast and Geodetic Survey are loom-
ing up as a potential factor in expediting the mapping of our water-
ways and interior surveys. This very important subject has been
the object of careful study and experiments by officers of the Survey,
in collaboration with the other branches of the Government, during
the past year and the rapid advance in aerial photography, first
seriously undertaken during the war, now promises, with proper
development, a method of surveying that will probably far exceed
expectations over the old methods in rapidity, economy, and minute-
ness of detail.

No little stress should be laid on the fact that not only are the
possibilities good for an early and complete revision of our shore
topography, but the opportunities that present themselves for assist-
ing r(r{mterially in our hydrographic work should not be underesti-
mated.

With the necessary facilities and cooperation supplied by the
Army and Navy Aviation Corps to the Coast and Geodetic Sur-
vey, experience has already proven the value of aerial photography
?ver the old method of surveying in revision surveys of our coast
ines.

This work, so far, is divided into two branches, aerial photo-
topography and aerial photohydrography, and the results are shown
in the following recent practical demonstrations:

AERIAL PHOTOTOPOGRAPHY,

In July, 1919, experiments were made at Atlantic City, N, J., to
ascertain the adaptability of airplane photographs for use in topo-
graphic mapping. The area in the vicinity of Atlantic City was
chosen as it is characteristic of so much of the coastal plain terri-
tory of the Atlantic coast. This project was essentially experimental
in character but developed into one of practical value, as the photo-
graphs are being used in a revision of the charts of the New Jersey
coast.

This work was done in cooperation with the Air Services of the
Army and Navy. Both land and sea planes were used, and in addi-
tion several photographs were made from a dirigible. Three types
of mapping cameras were tried out, the “L?” type, K-1, and Tri-
lens. An officer of the Survey kept in close touch with the work and
furnished the ground control, constructing special targets in some
cases. '

A mosaic was constructed by members of the Air Service of the
Army, using the photographs made with the X-1 mapping camera.
These were taken at an altitude of 7,000 feet, using a lens of 10-inch
focal length with a resulting scale of about 1:8,000. A rough con-
trol scheme was first laid out and the mosaic constructed over this.
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This mosaic and also the individual photographs have been the
subject of study by engineers of the Survey, especially with reference
to control and interpretation. Various methods of reduction for
chart use were tried out. A study was made of the accuracy of
mosaics and individual photographs. The possibilities of control
using the photographs themselves to establish a graphic triangula-
tion have been investigated. The most important point brought out
from the study of the results of the work at Atlantic City was the
possibilities in revision work, especially along those sections of the
Atlantic coast where the shore line is subject to frequent changes
owing to the action of the sea.

AERIAL PHOTOHYDROGRAPHY.

At the same time that the experiments at Atlantic City were being
made a distinct line of investigation was being pursued at Key West,
Fla. Photographs were made by the Naval Air Service to determine
the possible use of aerial photographs in connection with hydro-
graphic surveys. The primary object in view was the elimination of
wire-drag work, especially in the clear waters of the Florida coast.
An attempt was made to photograph small coral heads and pinnacle
rocks, as 1t is the existence of these needlelike dangers to navigation
that require the use of the wire-drag. The equipment at the air sta-
tion at Key West was limited, but thorough tests were made with
that available. Various types of cameras were used, as well as dif-
ferent combinations of filters and plate emulsions. Photographs
were made at altitudes of from 200 fleet up to 4,000 feet, and under
various light conditions. It was hoped that some combination of the
various factors involved would produce satisfactory results.

The problem of control was solved by including in each photo-
graph two vessels of the Survey. The photographs could not-be
corrected for tilt with only two known points as a base, but the con-
trol as furnished by the positions of the two vessels was found to be
sufficient for the experiments.

A well-surveyed area near Key West was chosen, and the vessels
proceeded on parallel courses over this area at full speed, the plane
flying forth and back above the course. 'I'he courses and positions
of the vessels were recorded as in ordinary sounding work. The

- photographer in the plane recorded the exact time that each exposure
was made, with other data such as altitude, exposure, plate, filter,
etc. Each photograph was later oriented by plotting the positions
of the vessels on the chart at the instant the exposure was made.

These experiments proved very conclusivelfy that photographs from
the air, using present-day equipment, are of little practical value to
the hycirographer. When any of the underwater features did appear
in the photographs, contrast in color was the most prominent, with
no indication as to whether the contrast indicated shoal or deep
water. Vari-colored bottom, of uniform depth, appears in the
photograph as apparent difference in depth. Many charted shoals
are not indicated in the photographs, while adjacent ones show
clearly. Taken altogether, the results are so uncertain that the
chances of eliminating field work in hydrography are very remote,
Developments in the art of photography may change this viewpoint.
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REVISION OF THE COAST OF NEW JERSE‘_I.

In March, 1920, the Army Air Service photographed the coast line
of New Jersecy from Cape May to Seabright.” A single flight was
made, using the k-1 camera. The plane flew at an altitude of 10,000
feet, and under very good air conditions. The camera was mounted
in gimbals, with a lead weight at the lowest point to assist in main-
taining the optical axis of the camera in a vertical position. Level
bubbles were placed on the camera to aid in keeping the camera in
the proper position. The photographs are being used for a revision
of the charts of the coast of New Jersey. The individual photo-
graphs are 18 by 24 cm. in size, and the approximate scale is 1:10000.
The photographs are mounted in strip mosaics, for convenience sake,
not over 4 feet in length. The length is generally determined by
the position of control points. This composite photograph is com-
pared with the topographic sheet of the same area and control points
identified. The scale of the photographic mosaic is determined, and
by means of the pantograph the data are reduced to the scale of the
chart and transferred from the photographs to tracing paper.

The photographing of this 120 miles of coast line took less than
2 hours’ time in an airplane. The development of the films and
printing took 2 days’ time of one man. Two rolls of film were used,
a total of 183 photographs. The work of interpreting the photo-
graphs, assembling mosaics, comparison with topographic sheets, and
reduction to the scale of the chart of the outside shore line required
15 days of office work by one engineer.



Part IV-~STATEMENT FOR THE PAST YEAR OF ACCOM-
PLISHED FIELD AND OFFICE WORK, ACCOMPANIED
BY ILLUSTRATIONS, AS REQUIRED BY STATUTE,
SHOWING THE PROGRESS MADE, ETC,

DIVISION OF HYDROGRAPHY AND TOPOGRAPHY.

The Division of Hydrography and Topography has supervision
of all hydrographic and topographic surveys executed by this Bu-
reau, which supervision includes the determination of where surveys
or resurveys are required, how they shall be conducted, the prepara-
tion of instructions for surveying parties, the organization of the
parties, and the inspection of the field work and examination of the
records. It is also charged with the construction, maintenance, and
repairs of the vessels and other field equipment, except instruments;
the records of the seamen employed on this work; the compilation
of the Coast Pilot in the field and office; the observation of tides and
currents; and compilation of tide tables.

For administrative purposes, the division is divided into four sec-
tions, known as the section of field work, section of vessels and equip-
ment, section of Coast Pilot, and section of tides and currents. Iach
of these sections is under the direction of a hydrographic and geo-
detic engineer, who is responsible for the efficient and economical
administration of his section, under the general supervision of the
Chief of the Division of Hydrography and Topography. )

The division also has supervision over the five field stations,
located at Boston, New York, New Orleans, Seattle, and San Fran-
cisco, respectively, and over the of‘ﬁce.at_; Mapnila, P, I_\ The field
stations are for the purpose of maintaining close relations between
the Bureau and those who have occasion to use its charts, publica-
tions, and data, and to keep the Bureau informed of the needs for
further work in these general localities. They are in charge of

ydrographic and geodetic engineers, but undertake no surveys unless
Specifically directed to do so by this Office. The Manila (_)ffice per-
forms all of the functions of a field station and, in addition, has
direct charge of all surveys in the Philippine Islands and much of

he office work incident to these surveys. This office is in charge of a

Ydrographic and geodetic engineer, with the title of director of
Coast surveys.
. This report gives a general statement of the work performed dur-
Ing the year under the direction of the division by the various field
Parties, the field stations, the Manila office, and, finally, a résumé of
the work of the four sections. Detailed statements are given in the

Teports of the chief of parties.

FIELD WORK, ATLANTIC COAST.

Vessels.—The Bache at the beginning of the fiscal year was at
orfolk, Va., preparing to take up work at the entrance to Chesa-
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peake Bay. Some difficulty wasencountered in obtaining firemen, due
to the abnormal marine-labor situation, so that field work was de-
layed until August 11. Hydrography was then begun off the Vir-
ginia coast between Virginia Beach and Cape Henry. This work,
which was all hand-lead sounding, was done outside the 3-fathom
curve, extending seaward to the limit of fixed positions. During
September and October simultaneous tidal observations at Fisher-
mans Island and also at a point about 8 miles off Cape Charles
were made. During November and until December 23 the vessel was
undergoing repairs at Norfolk, Va. During this time a party worked
from the vessel on a special hydrographic survey of the naval oper-
ating base at Norfolk requested by the Navy Department. On De-
cember 23 the vessel sailed for Pensacola, Fla., to take up work on
the Gulf coast. During the period from January 1 to 20 the vessel
was engaged in a search for a reported shoal off the mouth of South
Pass, ilississippi River. Sounding lines were run, and enough
soundings beyond the 100-fathom contour were taken to show the
improbability of shoals in that locality. On January 24 the vessel
returned to Pensacola to take up work in cooperation with the
steamer Ranger. From February until May this vessel, in conjunc-
tion with the Ranger, was engaged on the offshore hydrography just
west of the eighty-seventh meridian. The work was of the usual
character for offshore hydrography on the Atlantic; soundings were
fixed in position by horizontal sextant angles on shore signals and
buoys to the limits of visibility for each and thence by precise dead
reckoning. The weather conditions during this period were not
favorable, and during the month of March little field work was done
on that account. During the early part of May preparations were
made to sail to Norfolk. The vessel left Pensacola during the early
part of the month, arriving at Norfolk on May 14, when she was dry-
docked and given some minor repairs. Under date of May 26 in-
structions were issued for inshore and offshore hydrography from a
junction with work recently completed off the Delaware Capes north-
ward to the entrance to New York Harbor. This work was begun on
June 16 and was in progress at the close of the fiscal year.

The /sis at the beginning of the year was in Baltimore, Md., under-
going repairs prior to taking up a hydrographic survey from and
including the Delaware entrance to New York Harbor. So much
repairing was necessary on the return of this vessel by the Navy on
April 80, 1919, that she was not ready for survey work until August
14. Supplies were then taken on board and the vessel proceeded to
Lewes, Del , arriving on August 26. The survey of the Delaware en-
trance was in progress unti! October 21, when the vessel closed this
work and proceeded to Washington for special duty ordered by
the Secretary of Commerce. After completing this duty she pro-
ceeded to Baltimore on November 5, where she received further re-
pairs until December 11. The vessel then went to Norfolk for stores
and supplies and on December 19 proceeded to the coast of Florida,
in accordance with instructions dated December 17, 1919, to take up
offshore work in the vicinity of St. Augustine. On January 15 the
Igis, while engaged on this survey, struck the submerged wreck of
the dredge Florida and was beached about 6 miles southeast of St.
Augustine to prevent sinking, the inflow of water being too great
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for control by her pumps. Immediately after the vessel had been
beached temporary repairs were begun and efforts made to pump her
out and float her. Meanwhile all movable property was transferred
to the shore. A Coast Guard cutter was dispatched to assist the /sis
and stood by as long as she could be of any assistance. Calm weather
and a smooth sea at the time the vessel was beached gave reason to
hope that she might be saved, but before adequate wrecking appara-
tus could be assembled and taken to the wreck an easterly storm un-
did all that had been accomplished. The vessel filled with water
and settled steadily into the sand until it appeared useless to continue
the cost of wrecking operations. She was therefore sold on January
27 with such equipment as could not be removed. :

. The Ranger at the beginning of the fiscal year was en route to Mo-
bile, Ala., to take up a survey of the Gulf coast in that vicinity. The
vessel arrived at Mobile on August 2, and on the 11th of August took
up its station at Pensacola, where the work was commenced. IFrom
September 11 to 14 the work was interrupted by a hurricane which
swept the Ilorida Keys. (Good progress in hydrography was made
during the first half of the month of October, but unfavorable weather
conditions made work lag during the latter half of the month, which
continued into November. Some progress was made, however, on
the hydrographic survey from longitude 87° westward to the Mis-
sissippi Delta and from the coast out to the 100-fathom curve. Dur-
ing December suitable periods between bad weather were devoted to
a hydrographic resurvey of the entrance to Pensacola Bay, and the
work was continued until April 21. The topography of the shore
line of the Gulf of Mexico was completed from the entrance to Pen-
sacola Bay westward to the entrance to Perdido Bay, fulfilling the
Instructions already issued. Hydrography of the Gulf was con-
tinued off Perdido Igay entrance, and the inshore work was completed
to a junction with the 1918 work on the Hydrographer. Bids for
repairs were opened on April 17, and on the 22d the vessel was taken
to the yard for repairs. Field work on the hydrography of the
gulf was resumed on May 15 and was continued to the close of the
iscal year.

‘1‘he) Onward on July 1 was engaggd on a survey of Hampton Roads.
This survey was completed early 1n September, but the vessel was
ot able to leave the vicinity until the 27th, owing to the difficulty of
Securing a chief engineer. KEarly in October the vessel arrived at

oboy Sound, Ga., and took up a hydrographic resurvey of that

ody of water and approaches from seaward. Bad weather hin-
dered the work at its inception, but fair progress was made. On
December 24 this work was completed and the vessel sailed for
Savannah, arriving the next day. During January and February
the vessel was undergoing repairs at Savannah, Ga. On March 8
the vessel left Savannah, arriving at Oriental, N. C., on the 22d, the
elay being due to bad weather and the weakened condition of the
vessel, which made it hazardous to leave frotected waters during
stormy weather. During April work was done on the signal build-
Ing and triangulation, some topography and hydrography in Adams
reek and in the vicinity of uriental. Rain and winds hampered
the work considerably. The work in Adams Creek was completed
n May, and the Oriental Harbor work and that of adjoining creeks
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was completed except at the head of Kershaw Creek. On June 25 the
vessel left Oriental and proceeded to Elizabeth City to make emer-
gency repairs to the machinery.

The Hydrographer on July 1 was engaged on a survey of the Flor-
ida Reefs at the request of the Nav%r Department. The work was
continued during the months of July and August and until Sep-
tember 9, when a hurricane swept the vicinity. The vessel dragged
until the cables fouled those of the 7wscarora, and the two vessels
hung in this position until the commanding officer of the Hydrogra-
pher, in order to save both. vessels, ordered the cables slipped. The
Hydrographer was then blown across the channel where she
grounded on the shoals west of Key West. She was floated off this
shoal by using her propeller to cut away the sand from under her
bottom and was hauled out on the ways at Key West. During Oc-
tober, November, December, and until January 17, the vessel was
undergoing repalrs made necessary by this accident. The unusual
length of time required for these repairs was due to inadequate facil-
ities at Key West as a result of the storm. On January 21 field work
was resumed eastward of Key West and consisted of hydrography
in Hawk Channel eastward to longitude 81° 31’ and outside the
channel to the 100-fathom contour. Several new shoals were found
in Hawk Channel, and a survey of Boca Chica Channel was made.
On account of a shortage of fresh water at Key West the vessel
transferred its base to Miami for a short period during April and
May and worked in the vicinity of that port, returning to Key West
during May.

Partiecs—Two wire-drag parties operated on the Atlantic coast
during the first half of the fiscal year, but lack of funds and shortage
of officers prevented resumption of this work during the second half
of the year. '

Wire-drag party No. 1 was employed on a survey of Block Island
Sound, with headquarters at Block Island, R. I. A reef south of the
island with only 34 feet of water over it and more than 60 fathoms
around it was discovered. Seventy square miles were covered in
the offshore areas east of Block Island, and some inshore work in the
vicinity of Point Judith and south of Block Island was accomplished.
The party closed work in Block Island Sound on November 3 and dis-
banded. The launches were hauled out and the dragmaster and
marine engineer of the party were assigned to remain in charge of
them and prepare the equipment for the next field work.

Wire-drag party No. 2 was emp].oI}jIed on _a survey along the New
England coast from Portsmouth, N. H., to Portland, Me., with head-
quarters at Cape Porpoise, Me. On November 3 the party closed
work and disbanded. The launches were hauled out and put in
charge of the dragmaster and marine engineer, who were assigned
to work on the drag equipment during the winter.

The topographic survey of the Virgin Islands, which was in prog-
ress at the beginning of the fiscal year, was discontinued on April
6 because there was an insufficient number of officers available to carry
on the work economically, and the two officers remaining on this
work were needed elsewhere. It is expected this work will be com-
pleted during the winter of 1920-21.
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FIELD WORK, PACIFIC COAST.

Vessels.—The Surveyor left Seattle on July 9, 1919, to take up
field work in Shelikof Strait, western Alaska. The main feature
of this work was the extension of the triangulation net which termi-
nated at Kodiak Island to a junction with the net that had been car-
ried northeastward from Unalaska, thus providing control for past
and future surveys of the Alaska Peninsula. The work also included
topography and hydrography within the limits of the new triangu-
lation. Field work in this vicinity was discontinued on October 9,
and the vessel went to Sitka to make a small revision survey in
Sitka Harbor. The latter work was completed on October 29, when
~ the vessel proceeded to Seattle, arriving on November 4. During
the winter the vessel was at Seattle under repairs and the party was
employed in computing and plotting field records. The vessel sailed
for Alaska on March 29 for continuance of work northeastward from
Cape Tkti and previous work in Shelikof Strait. The steamer
Yulkon, which had been left in Alaska on the termination of work
prior to the war, was used in conjunction with the prosecution of this
work. An unusually early start was made this spring and, although
the season was quite backw:rd, much work was acéomplished in this
half of the fiscal year.

Upon the return of the Swirweyor from duty with the Navy and
vessels transferred to this Bureau from the Navy Department, plans
were made to obtain deep-sea soundings in the Atlantic, Caribbean,
and Pacific while the vessels were en route to their respective work-
ing grounds on the Pacific coast. The routes laid down were par-
allel and adjacent to the commercial route from the Atlantic to the
Pacific coast ports via the Panama Canal. The routes were sepa-
rated approximately 20 miles, with arrangements for soundings at
intervals of 40 nautical miles. Much valuable information for
charting purposes was ol?taineld. .

Séalia—At the beginning of the fiscal year the vessel was at Bal-
timore, Md., undergoing repairs by the Navy Department, prepara-
tory to transfer to this Bureau. The vessel was turned over to this

ureau on October 6 and sailed for Panama en route to the Pacific
coast with instructions to take deep-sea soundings at stated intervals
while en route. In accordance with this, soundings were obtained
alone the track as far south as the Bahama Banks. When down
to the Bahama Banks both boilers and some auxiliary machinery
failed, and the vessel proceeded in tow to Key West for repairs. The
repairs continued until November 25, on which date the vessel sailed
again for the Pacific coast. On that date it was reported by tele-
graph that the Sialia’s condenser was leaking and pumps cracked.

he vessel reported her location at Nuevitas, Cuba, and stated that
the repairs by the ship’s force would require one week. The repairs
were continued during December, and in the early part of January
the vessel left for Key West, arriving there on January 11. It was
decided that she should return to Norfolk or _C_ha.rlestop under her
own steam if this were possible, and an additional chief engineer
and assistant engineer were detailed to her to insure that every pos-
sible care would be given to her machinery and boilers during the
passage. She got as far as Charleston, S. C., but could not round
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Hatteras because of boiler trouble. It appeared evident that this
vessel was unsuitable for this service and that she did not warrant
the cost of putting her in serviceable condition. Accordingly she
was returned to the Navy Department on March 15;

The Lydonia was transferred to the Coast and Geodetic Survey
from the Navy on August 7. She sailed from Norfolk on August 31
for the Pacific coast via the Panama Canal and arrived at San
Francisco during October. While en route she took soundings along
the steamer track from Norfolk to Panama and from Panama to
San Diego. Three soundings of 178, 198, and 363 fathoms were
taken, in latitude 29° 29/, longitude 117° 157 (190 miles due south of
San biegp), where the nearest soundings shown on the chart are
about 2,000 fathoms. On arrival at San Francisco preparations
" were made for offshore hydrography off the coast of California, from
Cape Mendocino to Point Arena, Wizich work was started on Novem-
ber 19, 1919, at Humboldt Bay. This work was continued until
February 4, when the vessel returned to San Francisco preparatory
to undergoing repairs and outfitting for summer work in Alaska.
On April 10 the vessel sailed for Seattle, en route to the field work
in southeast Alaska, to take up topography and inshore hydrography
along the west coast of Dall Island, northward from completed work
in the vicinity of Cape Augustine. The launch Cosmos was used
in this work. This work was in progress at the end of the fiscal
year. '

The Arcturus, which had been received from the Navy just prior
to the beginning of this fiscal year, had been brought from New
York to ﬁorfolk, where she was Jaid up and her crew transferred
to the Lydonia because of lack of personnel to operate both vessels.
After a thorough survey of this vessel and with the knowledge de-
rived from her performance on the passage south, it was decided to
return her to the Navy. She was delivered on January 14. .

The Patterson had ceased to be an efficient surveying vessel before
she was taken over by the Navy for military duty, and, accordingly,
when she was turned back to this service she was not put into
commission. She was disposed of by sale on December 22.

The Wenonah arrived at San Diego, Calif., on July 17, en route
from Norfolk, Va., to San Francisco. Some difficulty was expe-
rienced in obtaining coal during the passage from Panama, and
because of the vessel’s limited bunker capacity she was obliged to
take on a small amount of coal while at sea. The Wenonah’s track
was laid down about 20 miles distant, parallel to those laid down for
the vessels which preceded her to the west coast. Soundings were
obtained at regular intervals throughout the voyage. After re-
ceiving stores and outfit at San Francisco the vessel took up work
in the vicinity of Cape Mendocino and the survey of Humboldt Bay
when weather conditions prevented outside work. A party from
the vessel, using the United States Engineers’ launch Clyde, was
employed on the hydrogmthic survey o% Humboldt Bay. A large
area extending from Cape Mendocino to about the entrance to Fu-
reka Bay and between the 20 and 200 fathom curves was completed
and a few lines of soundings were taken out to a depth of 500
fathoms. This work was in progress until January, when the vessel
proceeded to San Francisco for repairs and outfit for Alaska work.
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At the close of the fiscal year she was engaged on hydrographic and
topogr%hic surveys in glarence Strait, southeastern A%aska, from
Dixon Entrance northward. :

The Explorer, which had been laid up at Seattle on return from
the Navy, was put into commission in February and made ready for
wire-drag work in southeast Alaska. A combined operation party
was organized, with the Zaplorer as a mother ship, two large ex-
Navy launches, and a 30-foot tender in lieu of the hired launches
used heretofore for this class of work. The launches Scandinavia
and Helianthus were repaired and assigned to this party as tenders
to the Zaplorer. The vessel and launches proceeded to Alaska and
took up triangulation, topography, and hydrography in Stephens
Passage. Excellent progress was made from the start, and the work
was well under way at the end of the year.

The Natoma made the passage from Norfolk, Va., without acci-
dent and arrived at San {?‘rancisco on July 27, no soundings being
obtained en route, as the delays incident to such work would en-
danger the safe passage of so small a vessel. She was then employed
on an examination of Bonita Channel, requested by the commander
in chief of the Pacific fleet. On completion of this work the vessel
took up a resurvey of San Francisco Bay, including hydrography
and revision of the shore line. This work was continued throughout
the winter and until April 15, when she was being repaired and
made ready for work at San Pedro, Calif. She was still undergoing
repairs on June 30. ,

Parties—TFrom July, 1919, until March, 1920, a party was em-
ployed-in Lake . Washington draggin% for submerged trees which,
since the lowering of the level of the lake, had become a menace to
navigation. The work was conducted at first in accordance with
the usual wire-drag practices, but as the work developed it was
found that other means were necessary for locating the trees with
sufficent exactness to enable a snag boat to remove them. A special
form of sweep was devised which gave excellent results. A total of
172 submerged trees were located by this party and removed by the
United States Engineers. Some were over 100 feet long and one
140 feet. The tops of these trees were from 4 to 30 feet below the
surface of the water. In connection with this work the triangulation
and topography of the shores of Lake Washington were revised.
A party was organized during April and began on April 19 a re-
Suryey of Umpqua River and bar, Oreg. This survey was ordered
Primarily because of the reported uncertainty of the depth that
could bhe carried over the bar at the entrance to the river, but it was
found that important changes had taken place within the river, and
a complete survey to GGardiner was ordered. This work was in prog-
ress on June 30.

At the beginning of the fiscal year a party was at work on the
coast of California, in the vicinity of Eureka, recovering old triangu-
lation stations, erecting signals, and establishing new stations where
required for the control of hydrography off this coast. This work
was extended to include the coast from Cape Mendocino to Point
Reyes. Work was completed in October.
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FIELD STATIONS, ATLANTIC AND TACIFIC COAST.

Field stations, each in charge of an officer of the Survey, were
maintained at I3oston, New York, New Orleans, Seattle, and San
Francisco. At these stations the public may consult any of the
charts and publications of this Bureau, the publications of the Bureau
of Lighthouses, and may obtain information concerning such sur-
veys as have been made in the district or are contemplated. Coast
and Geodetic Survey charts, coast pilots, and tide tables are sold at
all field stations. The inspectors in charge of the stations are re-
quired to keep themselves informed concerning changes affecting
the charts of their districts and to report to the director of the Sur-
vey as to what additional surveys or resurveys are necessary to meet
the requirements of navigation. The inspectors often perform many
other duties in connection with the work of the Bureau in their
respective districts.

The inspector in charge of the Boston field station determined

the geographic position of and marked an azimuth line from the Navy
radio-compass station at Chatham, Mass., on request from the Navy
Department. He also did chart-revision work in that locality.
- The inspector in charge of the New York field station directed a
hydrographic resurvey of Gravesend Bay and a revision of the
shore line. He also supervised a tidal and current survey of the
waters of New York harbor from July to December, 1919. The
completion of this work has been deferred to the next fiscal year be-
cause of insufficient funds during this year. :

The inspector in charge of the New Orleans field station deter-
mined the geographic position of and the azimuths of lines from the
Navy radio-compass stations at the mouth of the Mississippi River
and at Grand Isle, La. He also verified primary azimuth measure-
ments at Marthaville, Ga.

The inspector in charge of the Seattle field station had supervision
over the tidal stations at Seattle and Olympia and the current sta-
tions on the four light vessels of the coast of Oregon and Washing-
ton. He was in charge of the Bureau’s vessels and launches which
were laid up at Seattle without a commanding officer and attended
to the upkeep and repairs of these craft. e also cooperated with
the officer in charge of the Lake Washington work and with the
commanding officers and chiefs of parties operating out of Seattle.

The inspector in charge of the San Francisco field station, assisted
from time to time by others of the service, performed the necessary
field work and. prepared for publication a pamphlet giving the
ranges available in San Francisco Harbor for adjusting ship’s com-
passes. The former publication:on this subject antedated the San
Francisco fire, which destroyed many of the older ranges, and since
the city was rebuilt there has been need for a new edition of this
work. The publication will come out during 1920.

FIELD WORK, PHILIPPINE ISLANDS.

. Vessels—The Pathfinder, on July 1, was at the Olongapo nayal
station undergoing extensive repairs, upon the completion of which
she on September 18 proceeded to Manila to take on supplies. After
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coaling at Cavite, she sailed for her field of operations on the north-
west coast of Mindanao, on September 27, and took up combined opera-
tions along the coast, from Blanca Point southwest to Coronado Point.
_ Actual field work began on October 1 by searching for and locat-
ing a reef in Dapitan Bay. A base line was measured in Sandigan
Bay, the necessary signals built, and the work prosecuted until March,
when the vessel returned to Manila for docking and to transfer com-
manding officers. On April 21 she again proceeded to the working
ground and was engaged in deep-sea sounding work in the Sulu Sea
until June 23, when she returned to Manila for docking and repairs.

On June 30 she was in the naval dry dock at Olongapo.

The Fathomer was at Manila on July 1 for transfer of command,
and on the 9th left Manila for her working grounds. She was en-
gaged in the survey of Cuyo West Pass and the Cagayan Islands until
December 7, when she returned to Manila for repairs. Repairs were
made at Engineers Island, and the vessel left Manila for the field on-
April 8. At the close of the year, June 30, she was still in the field,
engaged in surveys along the west coast of Mindanao and Cuyo
West Pass.

The “ Romblon.”—On July 1 the Lomblon was in Ragay Gulf mak-
ing a special survey of the Vinas River. This work was completed
on October 7.

In the meantime the vessel was at Manila from August 15 until Sep-
tember 8 for minor repairs to the boiler. On October 7 the Romblon

roceeded to the southwest coast of Palawan and resumed the work

egun the previous year. This work was prosecuted until January
10, when the northeast monsoon made work in that locality imprac-
ticable. Some necessary ﬁpairs were made at Manila, and on Feb-
ruary 20 the vessel left Manila for Zamboanga, for work on the
southern coast of Basilan Island. This work was continued until its
completion on April 27, when the change of monsoon permitted the
resumption of work on the Palawan coast. This work was prosecuted
from April 27 until June 20. The vessel then proceeded to Manila
for a general overhauling and was there at the end of the year.
. The Marinduque was returned to the Coast and Geodetic Survey
by the bureau of labor of the Philippine Government on July 7.
She was in a run-down condition and needed immediate repairs.
Repairs were completed on September 26. TField work was begun
on the west coast of Zamboanga Peninsula, from the line Lampin-
igan-Sangboy, and continued northward until February 21, when
1t was suspended and the vessel returned to Manila.

Owing to a lack of field officers, no further field work was done

uring the year. ] ‘ .

Manila field station—The Director of Coast Surveys in Manila
directed all operations of the field parties in the Philippine Islands,
had supervision of all work of the computing, drafting, and chart
divisons in the field station.

PHOTOGRAPHIC SURVEYING.

~ On July 1, 1919, the Bureau had an officer at Atlantic City, N. J.,
establishing control of airplane photographs, which were subse-

12783—20——7
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quently made by the air services of the Army and of the Navy for the
purpose of determining experimentally how accurately the country
could be mapped from such photographs. A mosaic of Atlantic City
constructed from these photographs, together with the individual
photographs, were studied with reference to the control. At the same
time the party on the Survey steamer Hydrographer was experiment-
ing near Key West, Fla., with airplane photographs of water areas to
determine to what extent, if any, submerged objects and the nature
of the bottom could be detected on such photographs. These photo-
graphs were taken by the Navy air service officers stationed at Key
West.
The results obtained from the Atlantic City experiments, while in-
conclusive and, on the whole, rather unsatisfactory, still indicate
that airplane photography may be of great assistance in mapping the
land. The results of the Key West work indicate that with present
photographic equipment no dependable information can be had of
underwater conditions. Because of the very important part that
airplane photography will certainly take in land surveying if some
of the obvious difficulties can be overcome, it has been considered
worth while to devote as much study to this subject as practicable.
One officer has been detailed to devote his entire time to the subject
and has been given the best facilities for Investigation that the Bureau
can supply. He has been in close communication with those who are
working on this and allied subjects at Washington and elsewhere.
He represented this Bureau at a series of experiments conducted last’
spring at Dayton, Ohio, by the Air Service of the Army. It is be-
lieved that substantial progress has been made during the year, al-
though the disorganized condition of the air services, as the result of
demobilization of the Army and Navy, has necessarily retarded
experimentation.
SECTION OF FIELD WORK.

The work of the field section was of the same general character as
during the fiscal year 1919. . .

The plans under which the work of this section was organized
were based on the necessity of adequate supervision of the topo-
graphic and hydrographic surveys and coordination of the work of
the various field parties. During the year the mapping of the shore
line and the hydrographic work was carried on under instructions
prepared in the section. )

The compilation of data from original sheets and descriptive re-
ports of previous work was carried on with a view to determining
their quality and extent. Original field notes covering areas where
resurveys are necessary and where new work is contemplated were
carefully reviewed in order to formulate plans and prepare the de-
tailed instructions for the required work.

This careful preparation of the instructions and supplying of
necessary data in the way of adjoining sheets and information rela-
tive to previous work in the immediate vicinity of the proposed
operations has done much to promote the efficiency of the field
parties and to coordinate the work of the Bureau. _

Inspection of the field parties was made once during the year to
insure accuracy and completeness of their work.
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SECTION OF VESSELS AND EQUIPMENT.

The work of this section during the past fiscal year was per-
formed in accordance with its basic duties for the repair and upkeep
of the vessels and launches and for the maintenance of the working
equipment of the various field parties operating under the division.
Inspections of practically all the vessels and launches were made by
administrative officers of the division during the year. Recommenda-
tions submitted for repairs and necessary work to maintain these
units were approved to the limit of the appropriation and in consid-
eration of the requirements of the field work. The purchase of some
;1ec€(elssary equipment was postponed on account of lack of further

unds.

Recommendations were considered and plans sketched for altera-
tions to be made to the vessels acquired from the Navy to furnish
better accommodations for the crew, to enlarge the storage space,
and improve the sanitary conditions on board. Such alterations
when completed will enhance the value of these vessels for surveying
operations during the temporary period of their use. The files o
the Bureau were maintained and supplemented by current changes
and additions. In these files are kept the plans of existing vessels and
of launches built under the jurisdiction of the Bureau. Detailed
plans and printed specifications for the construction of new vessels
are on file in readiness for submission to prospective bidders when
an appropriation shall be made available. There are also on file
records of the seamen personnel. Data were compiled for adjust-
ments of pay of ships’ officers and men- to meet changes current in
marine services. Reports and returns submitted by various parties
in connection with the work of this section were received and filed.

Estimates submitted for operating expenses and repairs were re-
viewed and prepared for the approval of the chief of the division. -

Marine services—Reports and returns submitted by various parties
in connection with the work of this section were received and filed.

Estimates submitted for operating expenses and repairs were re-
viewed and prepared for the approval of the chief of the division.
Allotments were made under the approved estimates or revised as the
Progress of the work indicated possible changes.

COAST PILOT SECTION.

During the year this section complg,teo'l_ work on the Philippine
Islands Coast Pilot, part 1, and it was distributed in September, 1919.

The section revised and issued a new edition of the Hawaiian Island
Coast Pilot Notes; the Inside Route Pilot, New York to Key West;
and the Inside Route Pilot, Key West to New Orleans. Field work
Was done along the coast of New Jersey for a new edition of the
Publication covering the inland waterways of that State.

‘During the year such supplements and corrections were issued as
Were necessary to keep the information in all volumes up to date.

Reprints were obtained during the year of Atlantic Coast Pilots,
Sections B, C, and D; and Pacific Coast Pilots, California, Oregon,
and Washington and Alaska, part 1.

The recorg of the issue of coast pilots in recent years is interesting
as indicating the usefulness of these publications. As these volumes
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are sold at a price sufficient to defray the cost of printing (50 cents),
it is obvious that the number sold furnishes an accurate measure of
the public demand. Each year marks an ever-increasing demand
for them. The following is the record of the issue for the fiscal years
from 1913 to date:

1918 e 8,797 | 1917 7,952
1914 ___ - 4,148 | 1918__ T 12, 913
015 4,016 | 1919__ _ 13,815
1916 - - lm602 | 1920 T 15, 261

SECTION OF TIDES AND CURRENTS.

The prediction of tides and currents for the 1921 tide tables was
made and the manuscript submitted for printing in three separate
parts: Atlantic Coast Tide Tables, Pacific Coast Tide Tables, Gen-
eral Tide Tables. .

Automatic tide gauges were kept in operation throughout the year
at seven stations on the Atlantic coast, two stations on the Gulf coast,
three on the Pacific coast, and two in Alaska. In'addition, tidal ob-
servations in connection with hydrographic surveys were made at 114
stations with an aggregate length of 44 years.

At the principal tidal stations the relation of tide staff to bench
marks was verified by spirit levels, insuring accurate data for de-
tecting subsidence or emergence of the coast.

To make available for engineering and other purposes definite
datum planes all along the coast, a tidal party was employed in New
York Harbor for about three months. In addition to establishing
bench marks, current observations at important points were also
made.

Current observations during the year were made on 13 light vessels
on the Atlantic coast, on 1 light vessel on the Gulf coast, and on 5
light vessels on the Pacific coast. In addition, short series of cur-
rent observations were made at 85 stations with an aggregate length
of 11 months. ‘

The proof of the 1921 tide tables was read and the Atlantic and
Pacific Coast Tide Tables were received from the printer before the
end of the fiscal year; the General Tide Tables are expected by Au-
gust 15. The following table, showing the number of copies of the
Tide Tables issued for each year, is indicative of the increasing use-
fulness of these publications:

General Atlantic Pacific

‘Tide tables for year— tide coast tide | coast tide Total.
tables, tables. tables. .
1,776 2,291 10,989 15,056
1,195 2,682 10,5685 14,442
1,847 3,098 13, 560 19, 406
3,331 3,097 13,959 21, 287
3,945 4,485 14, 952 23,362
3,181 4,447 15,122 22,750

Pacific coast currents.—In the safeguarding of our commerce along
the Pacific coast a knowledge of the currents is of utmost importance.
No matter how accurate charts and navigation instruments be made,
however skillful the navigator, in thick weather grave danger of dis-
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aster exists unless the direction and velocity of the currents acting
upon the ship are known. '

Though the problem is complex, for practical purposes it admits of
solution. The Coast and Geodetic Survey has devoted considerable
attention to currents. and publishes in its coast pilots and tide tables
information of great value to mariners. Given sufficient observa-
tions, it will be possible to extend this information so that the mariner
may know, under all conditions of weather, the direction and velocity
of the currents to which his vessel may be subjected.

To realize how important an element the currents constitute, it is
but necessary to remember that in the more than thousand miles
of coast line from the Mexican border to the Strait of Juan de Fuca,
harbors are many miles apart, sailing courses from headland to
headland long, and periods of thick weather of comparatively fre-
quent ovcurrence. In the long list of disasters which the difficult
navigation of that coast has claimed—from 1900 to 1917, 100 -
vessels were wrecked along the Pacific coast of the. United States—
a large number were due to lack of knowledge of the effects of the
currents. And it is to be borne in mind that the navigators of the
Pacific coast comprise an unusually able, keen, and alert group of
men. .

To the present time appropriations for current observations have
been so small as not to permit the maintenance of a vessel for the
" purpose of making a detailed, systematic study of the treacherous
and little-known currents of the Pacific coast. The Survey has al-
ready made use of all other possible agencies for securing data. Cur-
rent observations are being made at the five light vessels along the
coast, and masters of coastwise steamers send in reports regularly.
But it is obvious that a more systematic effort is necessary, since the
distance between light vessels is too great for securing all data re-
uired.
4 The problem of the currents along the Pacific coast involves the de-
termination of both tidal and nontidal currents; and while the tidal
currents at any place may be determined with suﬁcient aceuracy
from observations covering a month or more, the nontidal current re-
quires observations covering several years. . o
_ In its current work, at present, the Survey is primarily engaged
~1In the practical determination of the existence and nature of the cur-
rents affecting navigation. At the same time and at the same cost,
however, it is accumulating the data requisite for a comprehensive
study of the problem which has an important bearing upon meteor-
ology, climatology, and other related subjects. )

For a systematic study of the currents on the Pacific coast, it is
Planned to continue the observations aboard the five light vessels
stationed off the coast, to continue and extend the reports of voy-
ages from masters of coastwise vessels, and to employ one Coast and
Geodetic Survey vessel, equipned for anchoring at critical points
between the widely separated light vessels, to secure at these points
current observations of several weeks’ duration.

~* If this project is carried out, two or three seasons’ work will provide
sufficient data to enable the Survey to predict the tidal current for
Tepresentative regions covering the entire coast, to discover any per-
manent currents and their seasonal variations, and to devise rules en-
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abling the mariner to make proper allowance for changes in the di-
rection and velocity of the current due to winds.

Given the modest appropriation necessary to carry this plan into
effect, a long step will have been taken toward the safeguarding of
navigation of the Pacific coast.

DIVISION OF GEODESY,
FIELD WORK,

_The details of the field work done under the direction of the divi-
sion of geodesy during the year are given under the heading “ Details
of Ifield Operations.”

The principal operations undertaken are here summarized as
follows: ,

In the summer and early fall of 1919, a reconnoissance was made
for primary triangulation in northern California and northeastward -
from the vicinity of Klamath Falls to the vicinity %f Ontario, Oreg.
This work was requested by the officers of the Forest Service in order
that precise geographic positions might be available for the control
of surveys of the national forests.

The Forest Service also requested a line of ‘precise levels through
the same area followed by this reconnoissance for triangulation, in
order that precise elevations might be available for surveys and maps
of national forests. The work in northern California and Oregon is
also of great value to the United States Geological Survey and to the
engineers and surveyors of the State of Oregon. This triangulation
and the leveling form a part of the general control systems of tri-
angulation and leveling of the United States.

n the spring of 1920 a party was organized for the purpose of
carrying on the observing over the arc of precise triangulation for
which the reconnoissance was made in the summer of 1919. This
work was in progress on June 30, 1920.

Seven three-fourth-ton automobile trucks were purchased in the
early spring for the use of the geodetic parties. Six of these trucks
are being used as a means of transportation by this party through
very rough country, which will furnish a thorough test of their
efficiency. .

On this work there were two observing parties. A subparty was
engaged on preparation of stations for the observers. This prepara-
tion consisted of marking with concrete and a tablet each point at
which observations were made and the erection of a substantial stand
over this mark as the support of the theodolite with which the hori-
zontal observations were made. )

In the spring of 1920 a precise-leveling party began a line of pre-
cise levels in the vicinity of Klamath Falls, Oreg. The route that
this party is following extends to the eastward of Klamath Falls and
thence northeastward to'the vicinity of Ontario, Oreg. At Klamath
Falls the new leveling was connected with previously established
bench marks and on completion of the line a similar connection will
be made at Ontario, Oreg. ,

At the beginning of the fiscal year 1920 a leveling party was work-
ing on the line of precise levels which extends southward from the
vicinity of Klamath Falls, Oreg. The line was completed to Rose-
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ville, Calif., where a connection was made with previously established
bench marks.

The party was then moved to San Jose, Calif., where a line of
levels was begun, which extended southward as far as Santa Ana,
Calif. At each end of this line connections were made with previ-
ously established bench marks of the United States Coast and Geode-
tic Survey, and with tidal bench marks established along the Pacific
coast. otor-velocipede cars were used as a means of transportation.

On the completion of the'line to Santa Ana, in the late winter,
the party was moved northward to Weed, Calif., from which point a
line was started toward Seattle, Wash. This work was in progress
in the vicinity of Portland at the close of the fiscal year 1920,

From July 1, 1919, until the end of June a subparty was engaged
on levels.

- About the 20th of June the charge of the party was transferred.

The leveling in California and in Oregon was requested by the
United States Geological Survey in order that accurate elevations
might be available for tying into the leveling of a lower grade that
had been run for the control of topographic surveys and maps. This
leveling is a part of the general precise-leveling net of the United
States and extends through an area that has been very badly in need
of accurate elevations. ‘

After some correspondence with the Director de Estudios Geo-
graphicos y Climatologicos of Mexico, arrangements were made to
connect the precise triangulation of Mexico in Lower California with
that of the United States in southern California. An officer of the
survey took charge of field operations, and, in cooperation with an
engineer of Mexico, completed the necessary observations to connect
the systems of the two countries. The geodesists of ngico have
shown a splendid spirit of cooperation with the geodesists of the
United States in having the triangulation systems of the two coun-
tries connected and placed on the same datum; that is, the North
American datum. This is an admirable arrangement, for it insures
that the maps made along the Mexican boundary by Mexico and the
United States will harmonize in geographic positions. The tri-
angulation systems of the two countries had previously been con-
nected in the vicinity of Brownsville, Tex. ) )

In the latter part of the previous fiscal year trlangplathn had been
“begun in the State of Utah to supplement the precise triangulation
of the transcontinental arc. The lines between stations of this arc are
so long that it was impracticable to use them for forest surveys
without having additional stations established. This work in Utah
was continued after the beginning of the fiscal year and completed in
the fall of 1918. In carrying on this arc of triangulation in Utah
for the especial benefit of the Forest Service the local officials of that
service rendered valuable assistance to the chief of party, and at some
of the stations the observations were made by engineers of the
Forest Service to supplement the work done by this party.

On the completion of the triangulation in Utah, mentioned in the

Ereceding paragraph, the party was moved to southern Arizona and
- began work on precise triangulation which extends from the vicinity
of Nogales, Ariz., northwestward to the vicinity of Yuma. This
work was done in response to a request from the Chief of Engineers,
United States Army, with a view to furnishing control stations for
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maps and surveys along the boundary. The area covered by this
triangulation lies between the Mexican boundary and the Texas-
California arc of precise triangulation. .

The officials of the Army stationed at Fort Sam Houston co-
operated with the chief of this party and supplied automobile trucks
for transporting the party and supplies and equipment necessary for
the work. Great difficulty was experienced in obtaining the proper
men as light keepers for the party. It was frequently the case that
a man would be sent to a mountain peak to perform the duties of a
light keeper and would abandon the station without notifying the
chief of party of his action. This, together with the fact that the
country is arid and the mountain peaks difficult of access made the
work hard and somewhat hazardous. The party was in no way
molested by anyone along the Mexican boundary, although many
times work was done in the immediate vicinity of the boundary
monuments. : :

About the end of the month the charge of the party was trans-
ferred to another officer, who completed the work and later moved
the party to New Mexico.

At the beginning of the fiscal year 1920 a party which had been
organized in the late spring of 1919 was in operation on triangula-
tion in Arizona to the northward of Tucson and Phoenix, Ariz.
This work was done at the request of the Forest Service for the pur-
pose of furnishing precise geographical positions for surveys and
maps in their forest areas. More stations were established than
would ordinarily be the case in extending an arc of precise triangula-
tion across the country through an area lacking such control. It
was economy to establish these additional stations at the time that
the main scheme observations were made in order to avoid the neces-
sity of the engineers of the Forest Service having to make a sup--
plemental triangulation survey for their especial purpose. :

During the progress of this season’s work a base line was measured
to control the lengths of the triangulation in the vicinity of Prescott.
Great difficulty was experienced in securing the right kind of men
as light keepers and héliographers.

On the completion of the triangulation along the Mexican boun-
dary between Nogales and Yuma the outfit and some of the members
of the party were taken to Albuquerque, N. Mex., where preparations
were made for the measurement of a base line in the vicinity of
Belen, N. Mex., and for precise triangulation from that locality
westward along the Santa e Railway. The base line was completed
and triangulation was under way at the end of the fiscal year 1920.

At the end of the fiscal year 1919 a party was engaged on precise
triangulation which extends from Waco, Tex., eastward to the
vicinity of Mansfield, La. This work was continued in the early
part of the fiscal year 1920 and completed to Mansfield in the early
fall. After the work had reached Mansfield it was found necessary
to extend the horizontal control surveys, of which this work is a
part, by precise traverse to the Mississippi River. This was done
because of the fact that the country through which the survey was
made is heavily wooded and flat and the cost of erecting signals
for triangulation would have been considerable. -

The traverse work from Mansfield to the Mississippi River in
the vicinity of Naples was completed.
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Late in the spring of 1920 a revision was made of a small section
of this traverse to detect an error that had been made in one of
the traverse angles. The error was found and the correction was
made in the original observations.

In the latter part of the fiscal year 1919 a precise-leveling party
began a line of levels at Hillsboro, Tex., and ran eastward toward
the Mississippi River. This line was carried as far as Gallatin,
Tex., when the party was transferred to Mansfield, La. From.
that place a line was run to Shreveport, La., and connected
with existing bench marks of the precise-level lines, and then from
Mansfield the line of traverse was followed to Naples, La. From this
line of levels a profile of the railroad was made from which grade
corrections were applied to the tape measurements of the traverse.
On the completion of the leveling to Shreveport and Naples the
party proceeded westward from Mansfield and extended the line
of levels to Tenaha, Tex. :

During the progress of the work of the leveling parties in Texas
and Louisiana a crossing was made of the Mississippi River in the
vicinity of New Orleans, La. A novel plan of operation was adopted
consisting of having two targets at known points on a level rod
which were observed with the instrument on the opposite side of
the river. The reading of the micrometer head was made when the
central horizontal wire was placed on each of the targets, 'and the
micrometer reading was taken when the bubble of the precise level
was in the center. By a simple proportion it was possible to learn the
point on the rod at which the instrument was directed when the
bubble was in the center. ‘

Simultaneous readings were made—that is, there were two rods
and two instruments involved in the river crossing—in order that
the effect of the atmospheric refraction could be eliminated.

The results of this crossing were entirely satisfactory to the office,
and the indication is that this method will be extensively used in
the future in similar work. One of the problems in precise leveling
for many years has been the difficulty of making a satisfactory cross-
ing of wide bodies of water. . .

The leveling, triangulation, and traverse discussed in two or three
preceding paragraphs were called for by the Chief of Engineers of
the United States Army, in order to furnish geographic positions
and elevations for the control of military maps and surveys. A por-
tion of the expense of this work was met by transfer of funds from
the War Department. The building of signals and the preparation
of stations were done by a party organized for the purpose. Upon
the completion of signal building, etc., on this arc of primary triangu-
lation and traverse, the building party proceeded to Oklahoma and
began the crection of signals in that State along the Little Rock-

1 Reno are. .

On October 22 precise triangulation was begun and was extended
westward in Oklahoma until the winter weather necessitated the sus-
pension of the work. . .

. Two officers were engaged during practically the entire fiscal year
In the determination of the differences of longitude in Texas, Louisi-
ana, and Arkansas. Some of the work was in_western Texas, along
‘the Rio Grande arc, some was along the Waco-Mississippi River are,
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and the remainder consisted in the connection of the last longitude
station established in Louisiana with the old longitude station at
Little Rock, Ark. '

In the summer and early fall of 1919, a number of gravity stations
were established in South Dakota, Nebraska, Wyoming, and Colo-
rado. These stations were selected by the officials of the United States
Geological Survey and the value of the intensity of gravity at each
of them was expected to throw light on local geologic problems. The
standard half-second pendulums were used on this work and were
standardized both before and after the season’s work at the office
in Washington.

In the spring of 1920, a reconnoissance was begun for precise tri-
angulation or traverse on a north-and-south line through the State
of Indiana. This work had been requested by officials of the United
States Geological Survey for the purpose of furnishing geographic
positions for the control of their surveys and maps. After the recon-
noissance had been carried some distance it was decided that the
line should be entirely traverse. A traverse party for this work in
Indiana was afterwards organized. The party was operating during
the last few months of the fiscal year 1920. '

A revision of the traverse to the noithward of Griffin, Ga. On
completing this work a revision was made of triangulation in the
vicinity of Sanford, N. C.

During the early part of the fiscal year 1920 a revision was made
of the measurements of distances of the traverse lines in North
Carolina, South Carolina, and Virginia. This work was necessary
because of the fact that during the war very great difficulty was
experienced in obtaining engineers to make observations and to have
charge of the supervision of various surveying parties. The work
was carried on with inexperienced and inefficient observers, in many
cases with the consequence that much of the work had to be revised.

At the close of the preceding fiscal year a precise-leveling party
had completed the line between Troy and Whitehall, N. Y. The
party was then moved to Rouses Point and began running a line
westward through the northern portion of New York., The work
was connected late in November with another line of precise levels
which had been run during the summer of 1919 from the vicinity
of Niagara Falls to the vicinity of Williamson, N. Y. These lines
of levels were run at the suggestion of the officials of the Geodetic
Survey of Canada in order to test certain lines of levels by the two
nations which are joined at the international boundary. The idea
of the United States Coast and Geodetic Survey and the Survey of
Canada is to have the elevations in the leveling systems of the two
countries harmonize wherever the leveling crosses the international
boundary. .

A field party was engaged during the fall and early winter of
1919 in the vicinity of Norfolk, Va., on the establishment of a speed-
trial course for hydroplanes for the United States Navy. The work
was difficult on account of unfavorable weather conditions and un-
avoidable lack of proper equipment and personnel in the party and,
in consequence, was abandoned until a more auspicious time.

During the latter part of the fiscal year another officer took up the
work of establishing this course for the Navy hydroplanes in the
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Z(i)ciliit% of Hampton Roads and this work was in progress on June
30, 1990, _

During the latter part of September and October, 1919, a field
officer was engaged in the establishment of a speed-trial course at
Rockaway Beach, Long Island, for the use of the naval air station
at that place. This work was done at the request of the Navy De-
partment.

A reconnoissance for the primary triangulation of Puget Sound,
Wash., was completed during the year. It was originally intended
to complete the triangulation during the fiscal year, but, on account
of the great expense, this work was postponed for the time being.
The triangulation is to start in the vicinity of the Tacoma base net
and extend northward to the vicinity of Point Roberts. It is a part
of the arc which will eventually extend from the United States
through southeastern Alaska and down the Yukon River into Alaska.
When it is finally completed, it will be possible to put all the geo-
graphic positions in Alaska on the North American datum.

In the spring of 1920 the geographic position of the radio-compass-
station at Fox Hill Island, Chatham, Mass., and the true azimuths
of several prominent objects from that compass were determined.
The work was done at the request of the Navy Department.

In February and Marvch, 1920, a determination was made_of the

eographic positions of the radio-compass stations at Pass a Loutre,
gouth West Pass, and Grand Isle, La. The true azimuths of several
prominent objects from those stations were also determined.

In August, 1919, at the request of the Navy Department, the geo-
graphic positions of the radio-compass stations in the vicinity of
Cape Lookout, N. C., were determined. A true north-and-south line
through the center of the shaft of the radio-compass coil was estab-
lished. ‘

During the first half of the fiscal year two new sets of pendulums
for the gravity apparatus were constructed in the instrument section.
The only difference between these pendulums and the pendulums
which have been used during recent years for gravity determinations
is in the material of which they are made, the nickel-steel alloy called
invar being used in place of bronze. ) .

Before these new pendulums could be used in Qhe field it was neces-
sary to test them thoroughly in order to determine certain constants
~used in the computations and to find out what effect the magnetic field
of the earth will have on their periods. These tests were begun in
January and continued until about the first of May. Seventy-two
swings, each about 12 hours in duration, were made during this time.
Observations and computations to determine the magnetic conditions
of the pendulums were made by the chief of the division of terrestrial
magnetism. . '

~In regard to the magnetic _eﬁ'ect, the results show that the periods
of the invar pendulums are different for different degrees of magneti-
zation of the pendulums, a decrease of more than four millionths of
a second having been found in the period of one of the pendulums
after slight magnetization. This corresponds to more than four
times the allowable probable error for gravity determinations.

Further experiments with these pendulums must be made in the
field to determine what effect the shipping of the pendulums will
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have on their magnetization and to what extent variations in the in-
tensity of the earth’s magnetic field will change their periods.

The temperature constant of the invar pendulums was found to be
only one-fifteenth as much as for the bronze pendulums. This means.
that the former will have a great advantage over the latter at sta-
tions in out-of-the-way places where constant temperature rooms are
difficult to find or construct.

During June tests were made in the instrument section on storage-
battery cells in the operation of the large-size electric signal lamps
employed on primary triangulation. Up to this time dry batteries
have been used under field conditions. It was found that 45 pounds
of storage batteries would run the large bulb which furnishes 200,000-
beam candlepower for 15 hours at a proper brilliancy, while 23
pounds of batteries ran the small 3.8-volt bulb which delivers about
6,000-beam candlepower for about 100 hours,

On July 5, 1919, the chief of the division of geodesy sailed from
New York for Europe to attend the meeting at Brussels, Belgium,
of the International Research Council, held July 18 to 28. The idea
of calling this meeting of the International Research Council was to
provide for some coordination in the activities of countries in scien-
tific matters which are of a general nature that is beyond the scope
of any one country. Such work is the variation of latitude, the de-
termination of the size and shape of the earth, ete.

The delegates to this International Research Council convention
represented only countries which were allied in the war against the
Central Powers. Neutral countries will be invited to join the council
and its various branches. The International Research Council was
organized with a central body and a number of unions. Each union
is considered to cover some major subject in scientific matters, such
as astronomy, geophysics, etc. The work of the Coast and Geodetic
Survey comes under the general head of geophysics, and will be
cared for in its international aspects by several sections of the In-
ternational Geodetic and Geophysical Union, which is a branch of
the International Research Council.

It had been planned to have the chief of division of hydrography
and topography and the chief of the section of field records, who were
in England attending the Hydrographic Conference, proceed to Brus-
sels and attend the International Research Council, but the illness in
England of the first-named officer prevented their attending, and
his death occurred about the time the conference ended.

A number of American scientists were honored by election to office
in the various unions and their sections. The chief of the division of
geodesy was clected president of the geodetic section of the Inter-
national Geodetic and Geophysical Union. He took an active part
in the formation of the American Geo%hysical Union, which is a com-
mittee on geophysics of the National Research Council, and is called
the National Committee for the United States of the International
Geodetic and Geophysical Union. He was the acting chairman of
the union during the first year of its existence and was elected chair-
man for a term of two years at the first annual meeting of the union,
which was held in the National Research Council, Washington. D. C.,
April 23,1920. . N

The United States has adhered to the Neutral Geodetic Association
to the extent of paying its annual quota. There is some question
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as to whether the United States is obligated further to the old as-
sociation, but this matter will be definitely settled in a short time,
because there will be no necessity for the existence of two geodetic
associations of an international character, and it is highly probable
that the geodetic section of the International Geodetic and Geophysi-
cal Union will take over the work and funtions of the Neutral Geo-
detic Asseciation. The latter suspended the International Geodetic
Association when the convention under which the latter was working
lapsed, at the end of December, 1916.

The chief of the division of geodesy is a member of the committee
on geophysical sciences, Government relations, and foreign rela-
tions of the National Research Council. He is also a member of the
committee on exploration of the Pacific of the National Research
Council. He has given some time to the activities of these various
branches of the National Research Council.

He is a member of the Board of Surveys and Maps of the Federal
Government, which has as its duties the coordination of the various
surveying and mapping activities of the Government. He was elected
vice chairman of this board at its organization meeting in January,
1920, and is also chairman of the committee on control.

In May an officer was designated as assistant chief of the division
of geodesy. About June 20, 1920, he started on an inspection trip,
visiting first a party in Indiana.

An evidence of the increasing need of the surveys made by the
Coast and Geodetic Survey for map control is shown by the fact that
during the fiscal year the Bureau of Public Roads loaned this Burecau
10 automobile trucks. The Bureau of Public Roads in making the
loan recognized the fact that the geodetic work of the Survey is es-
sential to the proper mapping of the country, and that maps are of
vital importance in the extension, maintenance, and improvement of
the roads of the country. o o

During the spring of 1920 the city of Flint, Mich., requested the
loan of an instrument for use in a survey which is to be made of the
city. Tt is understood that the survey is to be similar to that made by
the city of New York several years ago. under the direction of the
Coast and Geodetic Survey. It is very }11{ely that the computations
of the triangulation will be made at this office.

. An officer of the Swedish hydrographic office was for a number of
“weeks at the office of the Coast and Geodetic Survey studying the
methods of this Bureau in carrying on its triangulation and other
work connected with surveys for charting purposes. It had been
hoped that this officer coula- visit a geodetic party in the field, but
there was no such party available on the Atlantic coast, and he did
not feel justified in going to the western coast for such a purpose.

DIVISION OF TERRESTRIAL MAGNETISM.

The work of the division has been limited to the bare routine opera-
tions required by the established program.

The field work, consisting of the occupation of repeat stations for
the determination of secular change and the establishment of new
stations, was carried on by a single observer during the first half of
the fiscal year; but by reason of the loss of one magnetic observer
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early in 1920 the field work in the second half year was limited to a.
few stations occupied en route by an obsgrver assigned to duty at the
Porto Rico observatory.

MAGNETIO SURVEY.

One observer was available for field work during the first half
year and he was assigned primarily to the occupation of repeat sta-
tions in the eastern part of the country. Advantage was taken of the
delay in securing transportation for the observer to have him make
a declination survey in the vicinity of San Francisco Bay in connec-
tion with the establishment of new ranges for the use of navigators
in standardizing their compasses. On the way to Vieques another
observer made observations in Florida, Cuba, Santo Domingo,
Virgin Islands, and Porto Rico. In all, 79 stations were occupied, of
which 42 were repeat stations, 11 auxiliary stations, and 2 new sta-
tions in old localities.

MAGNETIC OBSERVATORIES.

The observatories at Vieques, P. R.; Cheltenham, Md.; Tucson,
Ariz.; Sitka, Alaska; and near Honolulu, Territory of Hawaii, were
in operation throughout the year. Continuous photographic records
were secured of the variations of declination, horizontal intensity,
and vertical intensity ; absolute observations were made once a weeK,
and scale value determinations once a month. A week’s observations
usually consisted of four sets of declinations, two sets of horizontal
intensity, and two or more sets of dip.

The magnetic instruments used in the field were standardized at
Cheltenham. Those used by the observer on his way to Porto Rico
were also compared with the instruments at the Porto Rico observa-
tory. Later they will be compared again at Cheltenhem, and thus an
indirect comparison between the instruments at the two observatories
will be obtained. Magnetometer No. 40 was compared with the mag-
netometer at the IHonolulu observatory and will be returned for fur-
ther observations at Cheltenham. .

Much trouble was experienced in securing satisfactory adjustments
of the variation instruments at Tucson. A magnetic observer was
assigned to duty there for a week in August, 1919, to give the observer
in charge the benefit of his greater experience. In March and April,
1920, a field officer paid a visit of inspection to the observatory and
assisted the observer in charge in a further readjustment of the in-
struments. In order to secure more accurate timing of the seis-
mograms, a make-circuit chronometer, modified to mark minutes in
stead of half seconds, was installed in place of the time-marking
clock.

A seismograph was operated continuously at each observatory, and
earthquakes were recorded as follows: ‘

Porto RicO.—ooeo_______ et e e e 46
Cheltenham : - — 34
LA T ) U S 41
Sitka . e e e e e et e e . 9
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Honolulu .- m———— e e et e
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The observatory buildings at Cheltenham, Tucson, and Sitka were
painted, and those at Sitka were reshingled. Repairs and alterations
were made at Tucson and Honolulu, particularly the latter. Needed
repairs at Vieques were deferred until it was seen what would be the
effect on the magnetic instruments of an electric-light plant about to
be put in operation not far away. A light auto truck was purchased
for the Honolulu observatory to take the place of the horse and
wagon.

APPROPRIATIONS.

The appropriation made by Congress for the United States Coast
and Geodetic Survey in the sundry civil act for the fiscal year end-
ing June 30, 1919, was $1,614,280, divided as follows:

Field exXpPenSes e $494, 600

Repairs, vessels I e e 56, 000
Officers and men_ ... e 460, 000
Salaries, field. e e e et e e e 256, 000
Of0e e e e 266, 780
Office expenses._. o 80, 000

Total e 1, 613, 380

For the fiscal year ending June 30, 1921, the total amount appro-
priated is $2,041,447, divided as follows:

Field expenses e e e e e e e o e e $524, 280
Repairs, vessels e 64, 000
Alterations to vessels_ . — _ 14, 600
Officers and men_ ... R —— e D28,000
Salaries, field oo - e 510, 797
Office momeee e e e e e e e e 308, 270
OffiCe @XPONSeS - oo e e e e e 90, 000
Skylight over pressroom.____ e 1, 500

Total - oeeemm - : oo 2,041,447

DETAILS OF FIELD OPERATIONS.

HYDROGRAPHIC AND TOPOGRAPHIC WORK, ATLANTIC COAST.
MAINE.
(J. H. HAWLEY.]

SUMMARY oF RESULTS.—Leveling: 2 permanent bench marks established, 1 mile of
levels run. H drogg\phy: 1 square mile of area sounded. 29.85 miles run while sound-
ing, “208 positions determined (double angles), 1,444 soundings made, 1 hydrographic
Sheet” finished, scale 1: 5,000, Wire-drag work : 198 square miles of area dragged, 863.4
Mijes yun while drageging. 2,070 positions determined (6 angles), 62 soundings made on
Shoals, 1,362 supplemental soundings made, 1 tide station established.

On July 1, 1919, wire-drag party No. 2 began the survey of the coast of Maine
between Portsmouth, N. H., and Portland, Me,, and carried on this work during
the remainder of the season, using Cape Porpoise Harbor, Me., as a working
base, The work originally contemplated was the survey of this coast between
the 8.fathom and 40-fathom curves from the northern limit of the work done
in 1917 off Portsmouth Harbor eastward to the southern limit of the survey
of the entrance to Portland Harbor made in 1914. After some progress had
been made it became evident that all of this work could not be completed dur-
ing the season, and as the greater part of the future work in this region lies
- to the eastward, the work was planned to connect with the Portsmouth entrance
Survey and to be extended from this junction as far to the eastward as
Dracticable, ) s

The work finally accomplished connects with the Portsmouth work and ex-
tends eastward over a continuous and completely dragged area as follows:
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" Inshore work completed from Stones Rock Spindle south of York Harbor to
Timber Island east of Cape Porpoise; offshore work completed beyond the 40-
fathom curve to a point abreast of Cape Porpoise; intermediate work completed
to a point abreast of Wood Island. A total area of 198 square miles was dragged
in this area, 59 changes in charted depths were found, none of which is donger-
ous to the vessels now using these waters.

For work in deep water it was found that the best results were obtained
with a 6,000-foot drag controlled from the guide launch. With this length
of drag fair progress could be made against a slight head current, it was fre-
quently possible to take advantage of changes in current by reversing the drag
line and the chances of loss of time due to drag failure, over those of the longer
drag, were considerably decreased.

A hydrographic survey of Cape Porpoise Harbor was made during the season
on a 1:5000-scale, using the tender Ildna M. This work consisted of a com-
plete survey of the dredged anchorage and entrance together with some work
outside the entrance done to supplement previous surveys.

The hydrographic survey of Wood Island Harbor was deferred until that
harbor is used as a base for continuing wire-drag work to the eastward.

Soundings were obtained by the tender during the progress of the wire-drag
work and 1,362 supplemental soundings, well distributed over the direct area,
were obtained. For the greater part of this work a registering sheave was
used and prior to the receipt of this shea\_re fairly satisfactory results were
obtained by using the stranded sounding wire graduated in the same manner
as a lead line and using small cloths, leather, ete,, firmly attached with fine
wire.

On August 4 and 5 a subparty established two new tidal bench marks at
Portland, Me., and connected the automatic tide gauge there with all bench
marks. -

Readings on the tide staff at Cape Porpoise were obtained while hydrographic
work was in progress and used for reducing the work.

It was found that a sufficient number of objects for the control of the work
had been located previously, and no triangulation was done during the season.

On account of bad weather it was decided to discontinue work at the end of
October, and the last day’s field work was done on October 30.

MASSACHUSETTS,
[W. C. HODGKINS.]

An officer of the Survey has continued on duty as inspector for the New
England coast and in charge of the field station at Boston, Mass., with an office
in the customhouse, .

The work of the inspector includes the collection of information in regard
to the accuracy or the need for correction of the charts of that part of the
coasts included in the first and second lighthouse distriets; furnishing informa-
tion to the maritime and general public of information concerning the charts
and coastwise navigation; the issue of charts and other publications to officers
of the Government, to local agents, and by direct sale to the general public;
the sale of buoy lists published by the Bureau of Lighthouses.

In addition to these duties the inspector performs such special field or office
duty as may from time to time be assigned by the Director.

A small but instruetive exhibit of charts and other publications was made
at the Boston Motor Boat and Engine Show held in Mechanies Hall from March
29, to April 3.

In May, at the request of the Navy Department, the position of a new radio-
compass station near Chatham, Mass., was determined.

Reference marks were established to enable the triangulation station East
Boston Reservoir 2 to be reestablished after its removal by reason of a change
in the elevation of the embankment.

MASSACHUSETTS AND NEW YORK.
{G..T. RupE.]

In June, 1920, an inspection was made of the apparatus used in observing
currents on the Nantucket light vessel. Through the courtesy of the Bureau
of Lighthouses the officer making the inspection was taken to and from New
Bedford to the station and return by a Lighthouse tender.
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The apparatus was adjusted and put in thorough working order, and neces-
:;11‘%7 items of equipment were supplied to complete the outfit required at the

ation,

At New York the tide station established by the Corps of Engineers at the
garlge Office was examined, and inprovements in methods and apparatus were

ade, :

The tlde station at Fort Hamilton was inspected, and arrangements were
Inade to supply a new drive clock for the automatic gauge in operation at
that station. :

RHODE ISLAND.

[F. B, T. SIEMS.]

i]SUMMARY oF REsuLrs.—Triangulation: 2 stations in main scheme occupied for
orizontal measures, 3 geographic positions determined. Leveling: 5 permanent bench
marks established, 1.3 miles of levels run, Hydrography: Wire-drag work-—175 square
Wiles of area dragged, 201.4 miles run while dragging, 1,347 positions determined
double angles), 32 soundings made, 19 retained soundings, scale of hydrographic sheets

£ 40,000 and 1: 20,000.

After discontinuing the tidal and current survey of Block Island Sound
on June 30, 1919, arrangements were begun on July 1 for taking up wire drag .
In accordance with instructions., The party was quartered at Block Island,
R. 1., during entire season of field work.

During the first half of July the party was chiefly engaged in installing
wire-drag equipment aboard the new wire-drag launches Rodgers and Ogden.

On July 8 the drag master of the party returned to Bloek Island with the
30-foot tender, from Annapolis, Md., where this launch was built, The three
launches were ready for field work on July 15.

The field work assigned to the party consisted mainly of offshore wire
dragging in the approaches of Narragansett Bay and Block Island Sound
and the completion of work in Block Island Sound. The inshore areas to be
dragged included the waters south of Block Island and thos¢ along the Rhode
Island shore westward from Point Judith.

During the greater part of the season the party was seriously handieapped
by generally unfavorable weather for offshore work. Also the inshore areas
were used extensively for lobstering, thus limiting the progress of the work
here. The dragging being a considerable distance offshore, it required ideal
weather, principally a very clear atmosphere, accompanied by moderate
Weather., This condition was very seldom obtained for an entire working day,
and as the mornings generally appeared unfavorable it was questionable
Whether or not it would be advisable to make a long run to the working
grounds and later in the day obtain favorable seeing and other conditions.

more or less thick baze always accompanying the prevailing southwest
winds of this locality during the summer and early fall limited field work
o areas close inshore for several periods of as much as 10 days.

The field work in general was planned so as to take advantage, if possible,
of favorable currents in going to and from the working grounds on long
U Yuns and also while dragging. In the latter case it was almost impossible to
90 otherwise on account of the strong currents. Wire-drag work in Block
"Sland was undertaken in July and August, in the approaches to Narragansett

iy during September and October. Inshore areas were dragged when it

4s impossible to accomplish offshore work on account of poor visibility
O rough sea.

The offshore wire-drag work to the 20-fathom curve south of Narragansett
Bay and Sakonnet River and east-northeast of Block Island, joining with
Drevioys completed work, was completed with the exception of a few small
areas to the eastward and an area of about 30 square miles surrounding east
8ound. The offshore areas left unfinished by previous parties in eastern half
Of Block Island Sound were covered with the wire drag during the season.

he inshore work south of Block Island was practically completed. Some
1?8}101‘(5 work was also accomplished along the Rhode Island shore west of
FOmtJudith; the greater amount of this work, however, remains to be done,
Including some dragging off Point Judith. In all 175 miles were covered with
the wire drag during the season.,.

The new wire-drag launches with few exceptions were found to be excellent
boats for the purpose for which they were designed. The ease of maneuvering
1:;]e’luunchest while towing drag and the absence of engine trouble have added

mensely to the efficiency of the wire drag.

12783—20——R



114  REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY.

An automatic tide gauge was kept in operation throughout the season and
supplemented by tide observations made at Block Island while engaged in field
work. Three objects useful for control of hydrographic surveys in eastern Block
Island were located by triangulation.

An important discovery by the wire drag was made in finding a 84-foot
bowlder in a general depth of 66 feet about 1% miles south of Block Island.
Several bowlders were found.close inshore along the Rhode Island shore, The
offshore areas dragged during the season were found to be free of obstructions.

On November 5, after a severe storm period of five days. it was cousidered that
further resumption of field work would be uneconomical, and the party left
Block Island on November 9 and proceeded to Fairhaven, Mass., for the purpose
of hauling out the wire-drag launches and storing equipment for the winter.

NEW YORX.
[Issac WINSTON.]

The New York field station has supervision over the coast from Narragansett
Bay. R. I, to Cape May, N. J. )

) The dvties of the insnector include the sale and distribution of publications
of the Coast and Geodetic Survey and Bureau of Lighthouses.

Necessary repairs were made to the automatic tide-gauge station at Fort
Hamilton, N. Y. )

Tidal data and tables of sunrise, sunset, moonrise, and moonset were prepared
anad furnished to a number of publishers.

Preparations were made for a tide and current survey of New York Harbor.

A hydrographic survey and revision of the shore line of Gravesend Bay, N. Y.,
was made under the direction of the inspector using the launch Elsie ITI. This
work began July 28 and ended August 19. The field work of the tide and current
survey was begun August 20 and continued until December 24, when. work was
suspended for the winter,

This work was done in cooperation with the officers of the Corps of Engineers,
United States Army. charged with deepening the water in East River from deep
water in the bay to deep water in Long Island Sound.

A visit was made to Monmouth Beach, N. J., with a representdtion of the
United States Shipping Board with a view to the proposed establishment of a
speed-trial course.

Advice and assistance were furnished the attorney general of the State of New
York in a case concerning the ownership of Rockaway Point. *

Information for the correction of the charts, Coast Pilots, and tide tables was
obtained from officers of the Government and others and transmitted to the
office of the Survey in Washington.

Data relating to charts and other nautical publications was furnished in reply
to numerous requests.

Assistance was furnished to the officer in charge of the motor-boat show in
February and the nautical exposition in April in arranging and explaining the
exhibits by the inspector, and the services of the clerk were. placed at his
disposal.

A compilation covering the port facilitles of the principal ports of the United.
States was prepared for use at the nautical exposition. i

The compilation of tidal data requested by the Brooklyn Eagle covering 10
subordinate stations on Long Island for 1921 was completed.

An inspection was made of the sdles agencies for publications of the Survey
in New York City, and a report on each was submitted.

SuMMARY OoF RESULTS.—Physical hydrography: 19 current stations occupied, 4 tide
stations occupied, 12 permanent bench marks established. ;

A tidal and current survey of New York harbor was made between August 20
and De ember 24, 1919, by Jack Senior, under the direction of the inspector in
charge of the field station at New York. :

Mr, Senior lived on the launch and had entire charge of the work and contro
of the launch and crew. .

The work was done under very difficult, and, at times, hazardous conditions,
due to the congested traffic in New York Harbor, night and day. At certaln
stations the current observations were made only in the day, as traffic con i-
tions made it too difficult to work at night. On several occasions it becamé
necessary to cut the anchor line, when the danger of collision with tows became
imminent.



REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 115

Buoys were attached to the anchors in anticipation of this condition, but in
every case the buoy was carried away with the tows, and the anchor was lost.

The directicn of the current was obtained by using floating poles immersed
to a depth of 15 feet.

A self-registering tide gauge was maintained at Spuyten Duyvil at the Hud-
Son River entrance to the Harlem River while the current observations were
in progress. -

Self-registering gauges were in operation in the Hudson River under the
direction of the Corps of Engineers, United States Army, at Forty-second Street
and Pier A, Battery, and the records at these stations were used in reducing
the current observations,

Daily staff readings (once each day) were made while the current observa-
tions were in progress.

Three tide staffs were established in Kill Van Kull and readings were made
while current observations were in progress in that locality.

On August 25 the first current station was occupied in the Hudson River
for 51 continuous hours. The current work at first was confined to the Hudson
River and the Upper Bay. The 16 stations listed in the instructions for above
two localities were completed on November 13. Continuous day and night ob-
servations for 51 hours were obtained at 12 of the 16 stations; day observa-
tions of 4 days of 12 continuous hours at cach day’s occupation, were made
at 3 of the stations; and 2 series of observations of at least 24 continuous
hours each, were made at 1 station.” No tidal observations other than that at
Spuyten Duyvil were made by this party. There were, however, a number of
automatic gauges of the city of New York and of the United States Engineers in
operation during the entire period that current work was in progress, records
from which are available. Tollowing the completion of work in the Hudson
River and the Upper Bay, the tide and current survey of Kill Van Kull was
begun on November 14. This work was completed on December 13. The tide
and current survey of New York was closed on tompletion of the work in
Kill van Kull.

The compass deviation was obtained on September 29 and on October 4 by
the method of ranges. ’

SuMMARY oF RESULTS.—Triangulation: 8 stations occupied for horizontal measures,
20 geographic positions determined. Topography: 6 miles of shore line run, 13 points
lopnted by planctable hydrography; 69.5 miles run while sounding, 653 positions deter-
Wmined (double aingles), 2,296 soundings made, 1 tide station occupied.

The launch Flsie 11T was transferred from the Navy Department to the Coast
and Geodetic Survey at Boston, Mass.,, on June 12, 1919, and Jack Senior, who
had peen assigned to the party, was sent to Boston to receive the launch and
‘bring her to New York. He performed this duty without delay and landed the
sdaunch at the lighthouse depot at Tompkinsvilie, Staten Island.

. After some delay and difficulty a crew was employed, éstimates for outfit were
Drepared, bids were obtained, and the outfit was purchased before June 30.

On July 9 the launch was taken to the Marine Basin and remained there until

;,lgle 25th, when she proceeded to the W. ¥F. Ruddock Yacht & Boat Works for
“repairs.
-~ Under instructions dated July 7, J. H. Peters was relieved of the survey of
Ql‘avesend Bay after three triangulation stations had beeu occupied under his
frection, and field work began on July 28 by Jack Senior under the direction
1 the inspector.

The topographic survey of Gravesend Bay was completed while the Elsie ITI

as undergoing repairs in the Harlem River. While the Klsie III was in the

Ipyard and not available, the inshore hydrography was run with a small motor
Cutter Joaned from the Navy. The repairs on the Ilsie I1I were completed on

Ugust § and on August 11 the hydrography was continued with the Iisie III.
The survey of Gravesend Bay was finished on August 16, and the tide and cur-
Tent work in New York Harbor was then commenced. Additional development
Work on the hydrographic chart, however, was deemed necessary, and instruc-
tong to that effect were contained in the Superintendent’s letter of December 6,

. This supplementary survey was delayed for a week because of unfavor-
22?2\{6“1161' conditions, but was finally completed in two days—December 20
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DELAWARE AND MARYLAND.
[PAUL SCHUREMAN.]

In May, 1920, the automatic tide-gauge station at Lewes, Del., the operation of
which had been interrupted by construction work, was reestablished, and the
automatic gauge was started on the evening of May 27.

Afrerwards the automatic tide-gauge station at Aberdeen, Md., was inspected,
atn(}flines of leveling were run between the various bench marks and the tide
staif,

DELAWARE AND FLORIDA,

[R. ¥. LucE, Commanding Steamer Isis,]

SUMMARY OF RESULTS.—Hydrography: 213 square miles of area sounded; 647.6 miles
run while sounding; 2,271 positions determined by angles, log, or otherwise; 9 stations
occupied by ship to locate shore or offshore objects; 96 angles observed by ship to locate
shore or offshore objects; 1 shore object located by angles from ship; 10 offshore buoys
or objects located by angles from ship; 17 surface temperatures taken; 99 bottom specl-
mens taken; 1 log test made; ship swung for compass deviation at 1 station; 6 current
gtations occupied; 111 current observations taken.

While the steamer Isis was undergoing repairs at Baltimore, prior to taking
up the secason’s work off the entrance to Delaware Bay, an officer had been in-
structed by the Superintendent to erect such signals as might be necessary for
the work., In accordance with these instructions, this officer preceded the ship
to the field of work, erected two tall-type signals and located them and a num-
ber of natural objects useful for signals for the offshore work. Therefore, when
the steamer Isis arrived on the working grounds all the signals required for the
work had already been huilt and located.

For the use of the ship in the control of the offshore work six survey buoys
were used as offshore signals. These buoys consisted of one first-classtall-type can
buoy and five first-class ordinary type can buoys, loaned to the service through
the courtesy of the superintendent of lighthouses at Baltimore, Md. On each
buoy a 20-foot superstructure was erected, similar to those used in this class of
work in past seasons, except that on each buoy an acetylene light was installed,
as it was not considered safe, either to navigation or to the buoys themselves,
to place them in this area, where there is considerable traffic, without some kind
of light. These lights worked only fairly well, and a considerable objection to
them was that the gas tank would last only about three weeks, when it then
would have to be renewed. ' .

The six survey buoys were not placed by the lighthouse tender, due to pres-
sure of work in that service, until the 9th and 10th of September, and then it
was found that the superstructures, lights, and gas tanks made the buoys so
heavy that they would not stand vertical, which greatly decreased their visi-
bility. This was finally corrected by putting a ballast ball on each buoy, but
not until the latter part of the month, when the season’s work was more than
half over. The result was that no work offshore, which requires the best of
weather, could be done prior to the 10th of September, and only with difficulty
before the buoys were righted the latter part of that month, so that, during the
time when the weather was favorable for offshore work, the bhuoys were not
available, and later when the buoys were available, the weather had turned
so unfavorable that work offshore was seldom possible. This of course resulted
in very little offshore work being done. )

Although the buoys were placed on the 9th and 10th of September, weather
suitable for locating them was ot obtained until the 15th, The buoys were lo-
cated in the usual manner, by sextant cuts from the ship at anchor, the ship
being located by sextant angles on shore objects. The six survey buoys were
placed 8% miles apart and in a line parallel to the shore and 1034 miles from
shore.

The Isis arrived at Lewes, Del, to take up the sedson’s work on August 26
and left for Washington, D. C., after completing the season’s work on Qcto-
ber 21, 1919. During most of this time a large percentage of working time was
lost on account of unfavorable weather conditions. Very clear weather, 80
desirable for work in the vicinity of the Survey buoys, was extremely raré
and there were a number of very hazy days, on which practieally no wor
could be done. After the middle of September fresh northeasterly weather
was very prevalent, and there were very few days on which even inshoreé
work could be done and-practically no days suitable for offshore dead-

reckoning work. .
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Nearly 40 per cent of the entire time that the ship was on the working
grounds was lost on account of bad weather, and during the last three weeks
that the ship spent in this section, during the first three weeks of O.tober,
work could be done only on two days of each week. The hydrography done
off the entrance to Delaware Bay in this vicinity was of two main classes—
Inshore work where the locations were on fixed objects, either shore or off-
shore, and offshore dead-reckoning work,

The inshore hydrography covered an area extending from the southern end

on Hen and Chickens Shoal, about 2 miles south of Cape IHenlopen Lighthouse;
to about 2 miles north of Bethany Beach, and from about the 3-fathom curve
out to about 14 miles offshore. All of the work was located by sextant angles
either on shore objects or on the Survey buoys. All soundings were taken
from the ship while under way and proceeding at a speed of about 43 knots,
and the method of sounding was by hand lead up to depths of about 12
fathoms, and in deeper water by means of trolley sounding apparatus, as pre-
viously used in this class of work.
. In general, soundings were taken as rapidly as the lead line could be hauled
n, and sounding lines were run normal to the general trend of the coast, in
an easterly and westerly direction. Lines were spaced one-fourth mile apart
over broken areas and in depths less than 8 fathoms, one-half mile apart in
depths from 8 to 10 fathoms, 1 mile apart in depths from 10 to 12 fathows,
and 2 miles apart in greater depths. Developments were made whenever the
Soundings showed the necessity for it.

The inshore work from the beach out to the outer limit of visibility of ‘the
shore signals was completed before the ship left the working grounds. A
large amount of the work in the vicinity of the Survey buoys was likewisé
completed.

The dead-reckoning work done in this vicinity was of the type recently
fdopted, and consisted in, starting from an anchorage just outside the line of

urvey buoys, located by sextant angles on the buoys, running out on course
and distance in a direction normal to the general trend of the shore line,
anchoring every two hours for current observations, and returning on a par-
allel course in like manner to an anchorage just outside the line of Survey
buoys, and located by sextant angles on the buoys, the error of closure being
fiistributed throughout the run. On these lines soundings were taken as rap-
idly as possible, being by means of hand lead in depths less than 12 fathoms
and by means of trolley sounding apparatus in greater depths. Lines were
8paced in accordance with the instructions, as explained in the previous para-
graph under inshore work. - )

In connection with the offshore dead-reckoning work, current observations
Were taken at the beginning and end of each sounding-line run and at two-
our intervals on the line, Also, current observations were made whenever the
ship was at anchor on the working grounds, except that during the latter part
of the season the serious shortage of experienced officers made it necessary to
iscontinue night work after a working day.
Current observations were also in progress on Overfalls Light Vessel during
e progress of the work.

In order to obtain accurate compass deviations for the correction of courses
“Meered on offshore dead-reckoning work, the ship was swung accurately for
eOmpass deviations on August 29, 1919, off the entrance to Delaware Bay.

In order to obtain accurately the distances run in the dead-reckoning work
°ffshore, all the patent logs were tested accurately at the beginning of the field
®ason by running the ship at various speeds a number of round trips over a
thzasﬁfed course, thus giving a. correction for each log at different speeds of’

ship.

b The instructions for the season's work provided that bottom specimens should
€ obtained at points well distributed over the working grounds, in order to-
¢termine whether or not they might prove of value to navigation. 'These-
DStructions were carefully carried out, and a large number of hottom speci-
ens were obtained at close intervals over the area covered by soundings by
€ans of soap placed on the bottom of the lead.

I order to facilitate and to increase the accuracy of dead-reckoning work:
om current observations a new compass card was installed on the standard
WhiDﬂSS, the new card being the one recently adopted by the Navy, and on
Cir fh degrees are the only marks shown, points being entirely omitted. The

Cle is graduated all the way around to 360°. The use of the new card
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demonstraied its great superiority and was approved by all the helmsmen and
the officers.

. On October 21, 1919, the almost continuous bad weather which the ship had
experienced throughout the month made it advisable to discontinue field work
in the vicinity of Delaware Bay. Accordingly the Isis sailed on that date for
Washington, D. C., to prepare for repairs. .

. Repairs were in progress until Decenmiber 12, when the Isgis sailed for Nor-
folk, Va., to tauke on stores frgm the naval base there, taking with the ship
from Curtis Bay, Md., two wire-drag tenders which were to be taken to the
Pacific coast by means of naval collier. These tenders were turned over to
the vavy yard on December 16. stores were taken aboard on the 17th, and the
Isis sailed for Charleston, 8. C., on the 18th for the purpose of arranging for
Survey buoys for the coming season’s work arriving there on the 20th of Decem-
ber., The subsequent movements of the ship are given in the following para-
graphs:

Prior to the arrival of the steamer Isis on the working grounds an officer
had been instructed to erect such shore signals necessary for the work. In
accordance with these instructions this officer was detached from the steamer
Isis on December 9, 1919, went to Washington for detailed instructions and
then went to St. Augustine, Fla., where he took up the work of erecting and
locating signals.

Owing to the difficnlty of obtaining labor and other causes of de'ay only one
signal had been built and located and one other built but not located hefore
the Isis was rea.ly to start work, hut three of the signals erected in 1917 were
atill standing. These signals made it possible for the Isis to start work, but
only on a restricted area at the northern limit of the work.

On December 20 the Isis arrived at Charleston, 8. C.. for the purpose of
arranging with the superintendent of lighthouses there for Survey buoys needed
for the coming season’s work. The Isis sailed for Jacksonville on the 30th
of December, arriving there on the 81st. Tive Survey huoys were made there
and the Isis sailed for the working grounds on the 13th. One Survey buoy
was (lropped that day, and two more the following day. Due to a change in
methods of anchoring the buoys, wire suitable for anchor wire was exhausted
after the three buoys were dropped, so it was decided that on the next day
patent logs should be tested if the weather was fine and that sounding work
should be taken up if the weather was not fine enough for log tests.

The next day, January 15, proved to be a perfect day, so the ship proceeded
inshore to lay out a course for log tests, the only place available on account of
shortage of shore signals being directly abreast signal “ Cres” and almost half-
way between the wreck of the dredge Floride and the beach, where positions
for locating the marker buoys would be sufficiently strong. The southern
marker buoy was dropped and located and the ship headed up for the next

. position. When-nearly up to this point a small, almost submerged, moss-covered
buoy was sighted, the ship was stopped promptly, angles were taken to locate
the ship, and in leaving the locality the ship struck a submerged object, prob-
ably the wreck of the dredge Ilorida incorrectly located on the chart, causing
the ship to leak so badly that she had to be beached immediately to prevent her
from sinking in deep water. Wrecking concerns were summoned and consider-
able work was done in the attempt to get the ship off and to salvage Govern-
ment property aboard the vessel. However, bad weather coming up early in
the morning of January 20 drove the wrecking concerns away from the ship
and made it necessary for all officers and members of the crew to leave the
ship and camp on the beach abreast the vessel. Continued attempts were
made to get wrecking assistance, but without avail, and meanwhile the condi-
tion of the ship became such that on January 26 instructions were received
to abandon the vessel, and on January 28, 1920, the wreck of the steamer Isi$
was sold to a salvage concern.

About 4 miles north-northeast of Matanzas Inlet on the Florida coast the
chart shows a spring, with a depth of 21 fathoms, surrounded by depths of
about 9 fathoms. This spring was near the northern limit of the work as-
signed to the Isis, and although no investigations were made before the IsiS
was lost, it was plainly seen from the ship on the evening preceding the day
of the accident and also on the morning of the accident to the Isis. The sed
was quite smooth at the time, and the spring was indicated by a considerable
disturbed area, caused probably by the bubbling of the spring, It could be seen
plainly from a distance of two or three miles, which was the nearest the I8
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approached it. From statements of various residents of the coast in that
vicinity it was learned the area covered by the spring is several hundred yards
in extent, and that the water is cold, extremely salty, bitter, and full of sulphur,
probably very similar to the sulphur water found ashore; all state that the
water is much saltier than the ocean water.

VIRGINIA.

{H. A. SERAN, Commanding Steamer Bache.]

SUMMARY OF RESULTS.—Leveling: 5 permanent bench marks established, 1% miles of
levels run. Magnetic work: Ship swung for magnctic deviation at 2 stations at sea,
Hydrography : 480 square miles of area covered, 1,669.8 miles run while sounding, 4,432
positions determined (double angles), 23,024 soundings made, 3 tide stations established,
79 current stations occupicd. Scale of hydrographic shcets, 1:40,000 and 1: 80.000.

From July 28 to October 24 the steamer Bache was engaged in a hydrographic
survey of the entrance and approaches to Chesapeake Bay, extending oftshore
to the 100-fathom. curve and inshore approximately to the 12-foot curve and to
a junction with completed work the limits of which lie approximately on a line
joining the quarantine tank on Fishermans Island with Cape Henry Lighthouse.

The hydrography was extended north from the paraliel of 36° 50’ to the
parallel of 87°, and east from the shore south of Cape Henry within the limits
of the sheet, and the comnpleted work at the entrance to Chesapeake Bay to the
17-fathom curve, with one line extending out to the 100-fathom curve. Three
lines were run to the 100-fathom ‘curve, but the closing errors of two of them
were so large that two of them were rejected. About 12 miles east of Cape
Henry an area of exceedingly broken bottom was encountered, and considerabie
development work was necessary.

The shoals in this region are a source of confusion to the navigator, and one
shown on Chart 1222 in latitude 36° 54’ 30’’ N. and longitude 75° 42’ 46’ W.is a
menace to Hampton Roads shipping. Vessels drawing 30 feet might strke on
thig shoal in a heavy sea. .

In general, sounding lines spaced a quarter mile apart were run eastward to
the Hwmit of visibility of the buoys. At the eutrance to the bay the lines were
spaced about an eighth of a mile apart. East of the limit of visibility of the
buoys dead-reckoning splits were run to the 17-fathom curve. At the beginning
of the season it was planned to space the lines 2 miles apart from the limit of
visibility of the buoys eastward, but the broken bottom in this vicinity made it
necessary to run the lines at much cluser intervals.

Three tall hydrographic signals 100, 96, and 40 feet in height, respectively,
were erected for use in this work, and these, in connection with landmarks on
shore, furnished control for the hydrographic work.

The offshore signals used were second-class tall-type can buoys loaned by the
Lighthouse Bureau for this purpose. IBach huoy was fitted with a 25-foot
Superstructure with a temporary light of the ordinary marine gas type attached
to the superstructure. These lights were placed on the buoys to prevent their
being a menace to navigation. The buoys were placed in position about 10 or
12 miles offshore and parallel with the coast line.

The methods used in the dead-reckoning work followed the usuval practice.
Anchorages for current observations were at first made ut two-hour intervals,
but this was afterwards reduced to a little over an hour. In running the splits
from the buoys to the 17-fathom curve the soundings were made in one direc-
Eioinlon!y, anchoring for currents at the beginning of the line and again at the

nigh. . :
In gounding, the hand lead was used .to depths of 15 fathoms, the trolley
S.I;Stt%m from 15 to 25 fathoms, and the electric sounding machine at greater

Dths,

An automatic tide gauge was established at Assateague Anchorage, Va., and
Maintained throughout the season. This was used for the reduction of sound-
fngs in all the work except for a small amount at the entrance to Chesapeake,
Or which a staff erected on Fishermans Island was used. Simultaneous
sbservations were made to connect the automatic gauge at Assateague, the
taff on-Fishermans Island, another staff at Lynnhaven Inlet, and an -automatic
g;“lge at 0ld Point Comfort. The tide staff at Fishermans Island and the gauge

Assateague Anchorage were connected with permanent bench marks.

8 n-attempt was made to obtuin_ tidi_ll observations at a point offshore, about
t iles east of Cdpe Henry, but with little success. A series of current observa-
ons was made at hourly intervals at the same station.
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Frequent tests were made during the season of the logs used in determining
the ship’s run.
[T. J. Maner, Commanding Steamer Sialia.]

After undergoing repairs at Arundel Cove, Md., the steamer Sialic was taken
to the naval operating base, Hampton Roads, Va., arriving October 1. On
October 6 the Sialic was transferred by the Navy Department to the Coast and
Geodetic Survey. Supplies were obtained, and on October 9 the vessel got under
way, and after compasses were adjusted the vessel proceeded to sea under in-
structions to run a line of soundings along meridian 70° 25, starting at latitude
86° N. and ending at 28° N. off Tiburon Bay, sounding was to be resumed and
continued until the coast of Panama was reached. Soundings were also to be
carried from the Pacific end of the Canal to San Diego Bay, Calif.

Nine soundings were taken, the first on October 10 in latitude 35° 48’ N., and
the last on October 14 in latitude 25° 13’ N. Owing to trouble with the boilers
the Sialia was unable to proceed under her own power, and on October 18 was
taken in tow by the Coast Guard cutter Tuscarora and taken to Nassau,
Bahamas, and afterwards to Key West, Fla., for repairs.

After leaving Key West for Haiti by way of the north coast of Cuba further
trouble with the engines forced the vessel to put into Nuevitas Bay, Cuba, where
additional repairs were undertaken.

VIRGINIA.
[L. A. PorTERr, Commanding Steamer Onward.]

SUMMARY oF RESULTS.—I.eveling: 4 permanent bench marks established. Topography :
8 square miles of area surveyed. 6 miles of shore line of rivers surveyed, 7 miles of
shore line of creeks surveyed, 20 miles of roads surveyed, 2 topographic sheets finished,
seale 1:10,000. Hydrography, 22.25 square miles of area covered, 389.2 miles run while
sounding, 2.592 positions determined (double angles), 18,664 soundings made, 6 tidal
stations established, 2 hydrographic sheets finished, scale 1:10,000.

From July 1 to September 9 the steamer Oniward was engaged on a hydro-
graphic and topographic survey of Hampton Roads and tributaries. - On Sep-
tember.9, the vessel left Hampton and was detained at Norfolk, Va., waiting
for a chief engineer to report. One day of hydrography and work on the field
records was done while at Norfolk.

Work on the hydrographic sheet, including the south side of Hampton Roads,
was taken up on July 9 and completed September 18. This sheet covers the
south side of Hampton Roads from Nansemond River to Efiznbeth River and
a section of Elizabeth River and Tanners Creek. :

Work on a hydrographic sheet off the wharves of Newport News was taken
up August 21 and completed September 4. This work was done in order to
mrake the hydrography on Chart No. 400 complete. v

One day of hydrography was done on July 29, in searching for a 29-foot
sounding in the records of the steamer Hydrographer during the previous
season, The sounding was disproved.

Work was in progress on June 30, on a topographic sheet, covering the east
side of Hampton Roads and Elizabeth River, and another on the south side
of Hampton Roads and a portion of Elizabeth River. These sheets were com-
pleted in August. :

Six tidal stations in Hampton Roads were occupied in connection with the
hydrographic work. -Under orders dated June 20, tidal readings were made
at Lynnhaven Inlet from July 28 to 31, inclusive, simultaneously with readings
by the steamer Bache at Smith Island and with automatic tide gauge readings
at Assateague Anchorage and Old Point Comfort, -

Work was continued during the entire period covered by this report, in
overhauling the vessel and her equipment, making minor alterations, and other
work in connection with fitting her for survey duties. Considerable repair
work on the vessel was don€ by United States Shipping Board yard in Hampton.

Four large launches, the Mikewe, Wildcat, Scandinavia, and Lydia I1I, were
cared for during most of the period covered by this report. Considerable
time was required in pumping them out, wetting down decks, and other work in
connection with their maintenance. On August 1, the Scandinavia, Wildeat,
and Lydia IIT were towed to Norfolk Navy Yard for shipment to Puget Sound
by a Navy transport. The Lydia III and Wildcat were afterwards returned
to Hampton. The Scandinavia was shipped. The Mikawe wag loaned to the
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authorities at the Army hospital at which the Onward was tied u
] ) p at Hampton,
and the Wildcat and Lydia 111 were transferred to the charge of a ship’s officer
on September 5.
VIRGINIA.

[J. D. PownLL.]

In December, at the request of the Navy Department, a survey had been begun
by the steamer Bache along the west shore of the naval base at Hampton, Va.

W}len tl_le Ix‘achg left- Norfolk for Pensacola, Fa., instructions were issued
placing this work in charge of J. D. Powell, who was detached from the Bache
for the purpose of continuing the survey.

At yhe time when the work was turned over to Mr. Powell on December 19,
soundings had been made from the north side of the Ferry wharf at Pine Beach
along the west shore of the naval base nearly to the north end of the submarine
basin. Several small areas were left unsurveyed on account of obstructions
existing at the time.

Aftgr that date hydrographic work was done on one day when 3 miles of
soundings were run extending off the north shore of the base. Planetable work
was done to furnish additional signals which were necessary for continuing the
work, and spirit levels were run connecting the tide gauge with mean low-
water datum.

Owing to unfavorable weather and the difficulty of obtaining the assistance
required in sounding, on February 5 instructions were issued to the officer in
charge of the work to suspend operations and report at the office of the Survey
in Washington. .

NORTH CAROLINA,

{J. H. HAwLEY, Commanding Steamer Onward.]

SUMMARY OF RESULTS.—Triangulation: 63 square miles of area covered, 21 small and
10 large signal poles erected, 8 stations in main scheme occupied for horizontal measures,
2 stations in supplemental schemes occupied for horizontal measures, 13 geographic
positions determined. Leveling: 6 permanent bench marks established, 2 secondary
bench marks established, 1 mile of levels run., Topography: 40 miles of shore line of
rivers run, 75 miles of shore line of crecks run, 2 topographic sheets finished, scale
1:20,000, Hydrography: 76 square miles of area covered, 602 miles run while sounding,
2,783 positions determined (double angles), 24,106 soundin%s made, 3 tide stations estab-
lished, 1 bydrographic sheet finished, scales of hydrographic sheets 1:5,000, 1:10.000,

and 1:20,000. .

On January 29, 1920, the command of the steamer Omward was transferred to
J. H. Hawley.

From January 24, 1920, until March 8, 1920, the steamer Onward was under-
going repairs at Savannah, Ga. Repairs were completed at noon on the 8th,
and the vessel left Savannah immediately after completion of repairs bound
for Neuse River, N. C., to take up Survey work'in aceordance with instructions.

The vessel arrived at Oriental, N, C., which had been selected as headquarters,
on March 22, 1920, after a stop at Charleston, 8. C,, for coal and to transfer
supplies and equipment from the steamer Sialia, and after considerable delay
at Charleston and Southport, N. C., due to bad weather.

On March 23 the vessel proceeded to New Bern, N, C, for coal and other
supplies, returning to Orlental on the 25th. While in New Bern a consulta-
.tion was had with the Army Engineers relative to the work to be done in
Neuse River and vicinity., )

In order to obtain water at Oriental it was found necessary to lay a T700-
Toot pipe line to the railroad dock, and this work was done after returning from
«New Bern.

Field work in the Neuse River was begun on March 26, 1920, and continued
until the 284 of June. This work was interfered with considerably by the heavy
Winds that are encountered in this region, by the searcity of coal at New Bern,
and hy the poor quality of the water obtainable, which necessitated frequent

cleaning of boiler.
From April 8 to May 6, 1920, certain alterations were made in the arrange-

ments of the vessel.

Twenty-one stations established by the Engineer Corps, United States Army,
nd hy the Coast and Geodetic Survey in Adams Creek were recovered and
SAmau pole signals erected. At the entrance to Adams Creek the stations Alpha,

dams, and Great Neck Point were recovered and the line Alpha to Great Neck

oint used to locate stations Daw and Sand Beach 8 on the opposite bank of
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the river, the latter to replace the old station Sand Beach 2 which could not he
recovered. From these stations Garbacon beacon and Adams Creek cntrance
beacon were located.

Large tripod signals were built over all stations for hydrographic use.

For the topographic work projections with the same limits as the old projec-
tions were used when practicable. On these projections the ol'd shore line was
shown in pencil. A topographic traverse was run along the shores of the creeks
and the river to determine changes in shore line, particular attention being
paid to the various points. During the course of this traverse small signals for
inshore hydrographic work were established at intervals of about 400 meters.

hese signals consisited of whitewashed trees, whitewashed slats nailed in vari-
ous forms on trees, et .  Control for the work in Broad Creek was established
by planetable triangu'ation.

On the south bank of the river the shore line revision was carried from Great
Neck Point eastward to Rattan Bay, including Adams Creek. On the north bank
the revision was cavried from station Daw, on the first point east of Dawson
Creek to Maw Bay including all creeks.

Hydrographic work was started with the survey of Adams Creek after which
the work in Neuse River was taken up. The general plan of work used was to
run the lines in the river outside the 12-foot curve with the Navy launch or
ship and to run the lines inside the 12-foot curve and in the creeks with launch
No 570 a tflar boitome t hoat.  This arrangement proved to be very satisfactory,
and the use of the ship for hydrography especially so.

The hydrography of Adams Creek was completed except for a few lines of de-
velopment work, and one day’s work was done in the entrance to Oriental
Harbor. In the Neuse River the hydrographic work was started from the line,
outside the 12-foot curve, to the mouth of the river. The inshore work on the
south hank was oxtended e stward to Brown Creek and on the north bank east-
ward to, but not including, Broad Creek.

An avtomatic tide gauge was placed in operation at Oriental on Mar:h 29
and continued to the end of the year. Three standard bench marks were es-
tablished.

A tide staff was installed on the outer range beacon off Cedar Creek in Adams
Creek, and observations obfained when hydrographie work was done in the
creek. Three standard bench marks were established,

On May 12 a tide staff was installed at Neuse River Lighthouse and continued
in operation for the remainder of the year.

© GEORGIA,
[H. A, MARMER.]

In May and June, 1920, the apparatus and methods used in observing cur-
rents on the Brunswick and Frying Pan Shoals light vessels. were ingpected
and the instruments and apparatus put in good working order.

Transportation was furnished by. the Lighthouse tender Cypress.

FLORIDA.

[H. A. SERAN, Commanding Steamer Bache.]

Summary of results, —Hydrography 1,551 square miles of area covered, 1,610.1 miles
run while sounding 5.6044 soundings made, 159 current stations occupled, scale of hydro-
graphic sheets, 1 : 80,000 and 1 : 120,000

Instructions issued November 24, 1919, directed that the Bache proceed to
Pensacola, Fla., and cooperate with the party of the Ranger in a survey of
the Gulf coast from the eighty-seventh meridian westward to the Mississippi
Delta; if it were found inadvisable to immediately take up this work on the
arrival of the Bache at Pensacola to proceed to the mouth of the Mississippl
River and survey the position of reported shoals in that vicinity ; and after the
completion of this survey to return to Pensacola and the work indicated above.

Supplemental instructions issued March 25, 1920, directed the suspension of
work in the Gulf of Mexico about May 1, 1920, and the return of the Bache
to Norfolk for incidental repairs preparatory to takiug up work on the Atlantic
coast.

The ship sailed from Norfolk, 2 p. m., December 28, 1919, en route to Pensn-
cola via Key West and arrived at Pensacola, 10 p. m., January 1, 1920. Heavy
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fog was encountered in Hampton Roads and continued until after passing Cape
Hatterss, when more favorable weather obtained. "The usual coasting route,
from lightship to lightship, was followed. ’

Upon the arrival of the Bache at Pensacola it was found the Survey buoys had
not been placed on the working ground. As no offshore work could conveniently
be done until these were placed, the Bacle proceeded to South Pass, Mississippi
River, after the joint recommendation of the commanding officers of Beche and
Ranger for the field work in this vicinity had been submitted. The Bache left
Pensacola on January 3, en route for Port Eads, La., via Mobile, and arrived
at Port Eads the evening of January 7, 1920. The ship remained on these
grounds until January 24, 1920 (see season’s report dated Feb. 13, 1920), when
the survey in that loecality had been finished, and the vessel returned to Pensa-
.cola, Ila., arriving January 27, 1920. From this date until May 5, 1920, the
survey of the Gulf westward of the eighty-seventh meridian and to the 100-
fathom curve was in progress. .

Pensacola was made a base from January 27, 1920, until April 1, 1920; after
that date Mobile was used as a base, In compliance with instructions of March
25, 1920, the ship sailed from Mobile on May 5, 1920, en route for Norfolk via
Key West and Charleston, S. C.,, arriving in Norfolk at 2 p. m., May 14, 1920.

On account of the haze and thick weather it was impossibie to do any fixed-
position work, using the buoys for signals, consequently all the work outside
the limits of the fixed-position work on the shore signals was precise dead
reckoning. There was only part of three or four days in the entire time the
ship was on the working ground that fixed-position work could be done, and
those times were utilized in locating the buoys by cuts. Buoys A, B, C, A%, B},
and C* were located by the Bache and Buoys D. E, F, B!, and F* were located by
the Ranger. Buoy D' was run down shortly after being pluced and was picked
up by the Lighthouse tender Magnolia.

The buoys were smaller than those herctofore used on this class of work,
being third-class ordinary-type can buoys. They did not prove quite as satis-
factory as the tall-type second or first class can buoy.

In cooperating with the party of the Ranger it was decided by the two com-
manding officers that the Bache would do nothing but offshore work, work out-
side the limits of fixed positions on shore signals, and the Ranger would do the
inshore work when weather permitted and also some offshore work when in-
shore work was impossible on account of haze. .

The area to be surveyed in accordance with instructions issued June 5, 1919,
to the commanding officer of the Ranger, had been divided into four inshore
sheets, scale 1: 80.000, and one offshore sheet to cover the area to the 100-fathom
curve not covered by the inshore sheets. It was found that a scale of 1: 120,000
would answer, and the offshore sheet was laid out accordingly.

On the first position of the buoys the Bache was to do the offshore work be-
tween the 87° and 87° 12’ meridians, leaving the Renger about an equal amount
to the westward. On the second position of the buoys the Ranger was to con-
tinue to the meridian of 87° 40, and the Bache was to do the work from that
meridian to the western limits of sheet No, 1. As the Ranger suspended work
about- April 1, in order to undergo repairs, the Bache finished the offshore work
previously agreed upon and in addition finished the offshore work of the Ranger.
Between-the Bache and the Ranger, the offshore work was completed from the
eighty-seventh meridian to 87° 58’, all being precise dead reckoning, and with
the exception of a small amount of inshore work which will be completed by 'the
Ranger upon the completion of the repairs, inshore sheet No. 1 was finished.

Considerable development was done at the eastern end of the inshore sheet,
there being a 13-fathom bank in the vicinity of the buoys.

The soundings were made with lead line and trolley out to 80 fathoms. Be-
Yond that depth the electric sounding machine with registering sheave was used.
About the middle of the season the available supply of lurge lead line stuff was
€xhausted, and as no more was obtainable even from the factory a smaller-size
lead line, with its lighter lead, had to be used, and the lead line could be used
only to 25 fathoms. Beyond 25 fathoms the soundings were spaced from one-
Dalf mile to 1 mile apart.

w gurl'ents were cbserved as uspal in this class of work., Bottom specimens
ere obtained every 15 minutes when sounding with lead line ‘and at every

8ounding when using the sounding machine,

b YAn automatic tide gauge was maintained at Fort Morgan, Mobile Bay, Ala.,
¥ the party of the Ranger. This gauge was not visited until March 10, when
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it was found to be out of order with no record since December 30, 1919, Ar-
rangements were made to Secure the tidal observations made at Biloxi, Miss.,
by the Mississippi River Commniission for the period when the Fort Morgan gauge
was out of order.

Before any field work was done the standard compass was adjusted until its
maximum deviation was about 50/, the quarter-deck compass which is used in
the current observations was also adjusted unfil its maximum deviation was
about 3°, and the steering compass was adjusted by nailing magnets on the bot-
tom of shelf until its maximum deviation was about 7°.

The log factor was determined by runs between two launches placed about
4 miles apart. An officer on each launch observed currents at 10-minute in-
tervals, and an average current was applied to the distance over the ground, as
determined by three-point fixes from shore positions at the beginning and end-
ing of each run, in order to arrive at the distance through the water.

[G. C. MaTrigoN, Commanding Steamer 'Hydrographer.]

SUMMARY OF RESULTS.—Leveling: 0.2 mile of levels run. Topography: (planetable
triangulation) 2.5 square miles of area surveyed, 0.3 mile of detailed shore line surveyed.
Beale of topographic sheet 1:15,000. Hydrography: 165.1 square miles of area covered,
1,234.9 miles run while sounding, 732.6 positions determined (double angles), 37,196
iqu;x{;lb%%s made, 1 hydrographic sheet finished, scale of hydrographic sheets 1: 15,000 and

On July 1 field work by the steamer IIydrographer was in progress in the
vicinity of Key West, Fla., and it was continued to September 1, without much
interruption. Repairs to the engine were in progress in the early part of
September, and while the engine was in a weuakened condition owing to the
absence of the low-pressure piston, the vessgel was blown ashore in the hurri-
cane of Septemiber 8 and 9. The vessel was floated on the 20th of September.
During the remainder of the year repairs were in progress. The repairs pro-
ceeded very slowly owing to hurricane damage to the shops and also to other
causes, such as epidemics of dengue fever, colds, ete. During the time the
vessel was repairing, the crew was employed in overhauling ship’s gear and
equipment. Much minor repair work was done by the ship’s force. Some field
work was done during this period, recovering old stations, leveling tide staffs,
and cutting in signals in Key West Harbor by planetable triangulation. Oftice
work was in progress during the time repairs were made,

Triangulation station * Rock I’oint ” was recovered, Stations “ Suddle il ”
No. 1 and No. 2, could not be found, probably due to a change in the chore
line during the hurricane.

Hydrographic signals in Key West Harbor were located by planetable tri-
angulation,

On sheet No. 1 the ship did work on four different days, completing the
area from the liwits of launch work to longitude 81° 44, Some shoals have
not been deveéloped in this area. On sheet No. 2 all ship work was completed.
On sheet No. 3 unfinished aveas were completed, with the exception of a strip
about 2 miiles wide on the center of the sheet. On sheet No. 4 the area between
longitude 81° 39’ and 82° 05’ was completed.

Launch hydrography: On sheet No. 1 the small area between the wire-drag
limits and the ship’s work was completed. On sheet No. 2 all unfinished areas
were filled in, but there were still some shoals to develop. On sheet No. 3 all
areas allotted to the launch were completed and shoals developed. However,
there were some shoals found by the ship which were not developed.

Iixperiments in aerial photography were conducted in cooperation with the
Navy Air Service, in order to see if it were feasible to locate coral heads and
shoals by means of photographs taken fronr aeroplanes. The work was com-
pleted. .

With the exception of a short period following the hurricane, tide observa-
tions were made at Sand Key Lighthouse. The automatic gauge at Key West
was in operation the whole period, with the exception of a few days after the
hurricape. Tide observations were made at Marquesas Key while sounding
was being done on sheet No. 3. ) .

Shortly after the hurricane it was necessary to dry-dock the vessel for re-
pairs. After repairing the damage done by the hurricane, orders were received
to have general repairs made, which were afterwards completed.
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[F. B. . Sigms, Commanding Steamer Hi/droyrapher.]

‘SUMMARY OF RESULTS.—Triangulation: 47.5 square miles of area covered; 10 signal
Doles erected (Including 4 pipe water signals) ; 4 seaffolds built, two 30 feet, two 45 Teet
(for hydrography); 38 stations in main scheme occupled for horizontal measures; 4
‘stations in suppiemental schemet occupied for horizontal measures; 10 geographic_ posi-
tions determined. Leveling: § permanent bench marks established 2 secondary lLench
‘marks established, 1.2 miles of levels run. Topography : 0.35 square mile of area surveyed
18.4 miles of detailed shore line surveyed, scales of topographic sheets 1:10,000 and
1:15.000. Hydrography: 135 square miles of area covered, 1.318.2 miles run while
sounding, 8,779 positions determined (double angles), 52,816 soundings made and 2 tide
stations established, 1 bydrographic sheet finished, scales of hydrographic sheets
1:10,000, 1:15,000, and 1:40,000.

On January 20, when the command of the steamer IHydrographer was
transferred, extensive repairs to the vessel had been almost completed, but
further repairs in the engine room were found necessary, and field work was
somewhat interrupted until the completion of these repairs on February 12.

Combined operations were in progress in Hawk Channel, eastward of Key
West, Fla.,, Iirom January 21 to January 30 and from February 17 to
April 9, when field operations in this locality were again interrupted, on
account of shortage of fresh water at Key West, from which port the Hy-
drographer had based her operations.

The Hydrographer proceeded to Miami, Fla,, under telegraphie instructions
to obtain fresh water and to temporarily take up offshore hydrography in the
vicinity of Miami, on April 9.

The vessel returned to Key West on April 29 and resumed operations in
the area bhetween the keys and reefs eastwurd of ey West, and offshore
hydrography in the Florida Straits, between American Shoal Lighthouse and
Middle Sambo Reef., The work was completed on June 25.

During the remainder of the fiscal year preparations and signal building, in
connection with a special survey of a shoal northwest of Marquesas Keys, re-
ported by the U. 8. 8. Illis, were in progress. *

The triangulation executed in Hawk Channel was tertiary in character and
was based on the line Rock Point No. 2 and American Shoal Lighthouse. The
purpose of the triangulation was to locate all hydrographic signals excepting
those determined by planetable for work close inshore.

Six signals were built on the reefs and islands between American Shoal
Lighthouse and Western Sambo Reefs, requiring special construction, due to
the exposed location. o

The hydrography completed in the area between the KkKeys and the reefs
eastward of Key West, from longitude 81° 45’ to longitude 81° 39’, consisted
of a close general development, and on days when seeing conditions were
favorable careful searches for shoals were made. Numerous uncharted coral
.shoals were found. A channel 30 feet deep was found to exist between Western
and Middle Sambo Reefs, with a stretch of deep water 34 to 37 feet leading
from it to within 2 miles off Boca Chica Harbor. Boca Chica channel and
harbor and Saddle Bunch channel, harbor, and approaches were thoroughly
surveyed. The waters surrounding the reefs in the area mentioned were also
covered by the close development. )

The offshore hydrography off Miami, Fla., and off the Florida Reefs between
Middle Sambo Reef and American Shoal Lighthouse consisted of sounding
lines spaced 1 mile apart to the 100-fathom curve, one-half mile apart to the
50-fathom curve, and further development of the area within the 20-fathom
curve. ,

The harbor improvements made by the Florida East Coast Railway were sur-
veyed, including the dredged area between Fleming Key and Key West; fur-
ther survey work to the eastward along the north shore of Key West is
. Tequired.

The topography of the shore line was carried from East Martello Tawer to
Saddle Bunch Harbor, prinecipally to locate signals for inshore hydrography. A
magnetic meridian was determined.

An automatic tide gauge was kept in operation at Saddle Bunch Harbor,
;-fide stafls were read at American Shoal Lighthouse and at Sand Key Light-

ouse.
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[J. H. ﬁmmxs. Commanding Steamer Ranger.)

STMMARY OF RESULTs.—Triangulation: G5 square miles of area covercd; 46 sigual
poles erected: 1 observing tripod built, 15 feet in height; 1 observing scaffold bui't, 1%
feet in beight: 6 stations in main scheme occupied for horizontal measures; 25 stations
in supplemental scheme veeupicd for horizontal measures; 63 geographic positions deter-
mined. Leveling: b permanent bench markg established, 1 mile of levels run. Magnetic
work : Ship swung at G stations at sea. Topography: 22 square miles of area surveyed,
138 miles of detailed shore line surveyed; 2 topographie sheets finished, scale 1: 20,000,
Hydrography : 1.652 square miles of area covered; 2 928 miles run while sounding ; 6.219
positions “determined (double avgles) ; 32,982 soundings made; 14 tall signals erected
for offshore work, total height 1,610 feet; 76 current stations occupied; 2 hydrographie
sheets finished, scales 1:10,000 and 1 : 8§0,000.

On July 1, 1919, the steamer Ranger was at Brooklyn, N. Y., outfitting for
offshore hydrography; during this period a small scheme of triangulation was
done in Gravesend Bay to control a revision of the hydrography of tho bay,
From July 16 to August 2 the vessel was on its way from New York to Mobile,
Ala., to take up field work on the Gulf coast. From August 3 to August 18,
minor repairs were being made, the sounding equipment installed, and buoys.
fitted out for offshore work. From August 19, 1919, to April 14, 1920 the
vessel was engazed prineipally on the inshore and offshore hydrography of
the Gulf of Mexico, the erection of tall signals for the eontrol of hydrography
and the necessary triangulation or measurements to locate the signals. Be-
tween April 15 and May 14 the Ranger was undergoing repairs at Pensacola,.
Fla., and on May 15 the vessel resumed offshore hydrography and was engaged
in that work until the end ot June,

The result of the work for the fisecal year was a very close hydrographic
resurvey of the Gulf coast from the shore to the 100-fathom curve and from
the eighty-scventh meridian to the eighty-eighth meridian excepting such of
the offshore hydrography as was done by the Bache and a small strip of inshore
work which had recently been done by the Hydrographer., The hydrography
extended into Pensacola Bay to-a point abreast the naval air station. Current
and tidal observations were carried on in connection with the hydrography. The
triangulation was extended up Pensacola Bay to Emanuel Point. The topog-
raphy of ihe outer coast was completed from longitude 87° to longitude
87° 84’ and a resurvey of the pier line of the city of Pensacola was made.

[L. M. Mowegn.1l

SumMMArY oF RESuLTs.—Triangulation: 4 stations occupied for horizontal measures,
2 greographic positions determined., Signal building: 2 tall hydrographbic signals erected,
height 70 feet; 2 small signaly erected, height 15 feet. .

‘In December a party was organized to build tall hydrographic signals on
the coast of Florida for the use of the steamer Isis and to locate these and any
prominent natural or artificial objects by triangulation.

Headquarters for the party were established first at St. Augustine and after-
ward at Summer Haven, Espanola, and Ocean City.

The building of signal Scott was begun January 1, and completed January
9. This signal is 70 feet in height and is surmounted by a pole 10 feet in
height, It is 100 feet above sea level, not including the 10-foot pole.

On January 19 the small signal Campbell was built and on January 21 signal
Range was completed. These signals are 15 feet in height. .

Only two of the triangulation stations established in 1872 on the coast between
Mantanzas Inlet and Ocean City were recovered intact, these being Campbell
and Virgil. A few others were recovered and subsequently marked.

LOUISIANA,

[J. B. BoureLLg, July 1, 1919, to Feb. 9. 1920. E: B. LarHAM, Feb. 10, 1920, to
June 30, 1920.]

An officer has continued on duty at the field station at New Orleans, La.,
and has answered calls for information relating to the work of the Survey and
also gathered information for the correction of the charts, Coast Pilots, and tide
tables.

For the convenience of the public, a stock of the charts and nautical publica-
tions of the Survey is maintained at the fleld station for reference and sale.
Charts and publications of the Survey are furnished without charge to Govern-
ment officers for official use. :
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At the request of the local inspectors of steam vessels men were examined
for certificates as lifeboat men. ]

In Fehruary the nositions of certain naval radio-compass stations on the Gulf
const were determined.

In May the iuspector went to Marthaville, Ta. to remeasure certain angles in
the primary azimuth between two triangulation stations. -

{H. A. SErAN, Commanding Steamer Bache.]

SUMMARY OF RESULTS.—HyArogrophy: 225 square mileg of area covered; 723.7 miles
ran while sounding: 75 positicns determined (donble anelrs) 1 199 s~undings made; 18
current stations occupied ; 1 bydrographic sheet finished, scale 1 : 60.000.

Between January 7 and January 27. 1920, an examination was made by the
steamer Bache for a shoal reported to exist off the entrance to the Mississippi
II)liver, and approximately 18 miles SE. (magnetic) from the entrance to South

ass,

As reports of a shoal in this vicinity had heen received at the branch Hydro-
graphic Office of the Navy Department in New Orleans intermittently for the
past 12 years. that office was visited in order to secure any Iate reports before
fleld work was begun. The most recent report on file was dated in 1917.

In the search for the reported shoal special attention wag paid to the bearing
of 8. 46 I, true. from Fast Jetty Lighthouse. In this immediate vicinity four
sounding lines were run. the outer limits of the outside lines heing ahout 13
miles from each other. The soundings are staggered in such a way that, in
the commanding officer’s opinion, this section is ahsolutely covered.

On each sounding, bottom specimens were ohtained and each specimen was
soft sticky clay. The hottom was soft and so sticky that on several occasions
the sounding machine would not break the lead out of the mud and it was
necessary to go ahead with the ship to hreak it out. Neither sand nor broken
shells were encountered on any of the soundings. -

Each of the lines shows a uniform slope from the 100-fathom curve to the
outer limits of the lines, with no indications of any shoals, The soundings on
each line check the soundings on either side and also check the soundings made
by the party on the Bache in 1917. From 200 to 350 fathoms of water were
found at each of the reported shoal sourdings. TFor a shoal, such as reported
by the stenmships Picton and the Floridian, to exist between soundings would
require such a steep slope that it ‘could not endure in this hottom with the
strong currents of that vicinity. A 30-foot spot in 300 fathoms of water would
cause a hreaker large enough to be seen readily. Vessels drawing 30 feet are .
not at all uncommon in the New Orleans traffic and if such a shoal existed some
one of them would probhably have struck it. :

The” result of this survey made with the greatest care shows conclusively
that no shoal exists in the locality in question.

HYDROGRAPHIC AND TOPOGRAPHIC WORK, Paciric CoasT.
CALIFORNIA,
[R. R. Lukens, Commanding Steamer Wenonah.

SUMMARY OF RESULTS.—Trinngnlrtion: 1 geographie nosition determined. Teveling:
12 permarent beneh marks established, 2 miles of levels run.  Topography: 17 miles
f detniled shore 1ine surveved | 15 miles of ronds surveyed: 2 tonogranhic sheets finished,
Senle 1:10.000. Hydrography: 350 square milrs of arca sonnded: 625 miles run while
Bounding ; 2.282 positions determined (double aneles); 9063 soundines made: 5§ tidal
Statiops established ; 8 hvdroeraphic sheets finighed. senles 1:12.000 and 1:10 000,
Physical hydrography : 1,100 miles of deep-sea soundlngs run, 37 deep-sea soundings made.

At the beginning of the fiscal year the steamer Wenonah was at Panama,
Cangl Zone, where she had stopped on her way to the Pacific coast to take
on coal, water, and supplies. -

On July 1 the vessel steamed out of Panama Bay. A point of departure
was taken off Otoque Island and a course followed to take up the line of
Soundings assigned to the party. This line led close to a dangerous coast,
and as the currents in the lower bay are strong and uncertain a very close
Wwatech was kept to guard against setting inshore. Tand was made out dead
aheaqd shortly after midnight, and a course was set due west to clear this
and, which proved to be an island, and the vessel was then headed to pass
close to Cape Mala. The sounding line was continued without intérruption
until July 6, when the last sounding was taken off the coast of Guatemala,
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Although inside of 1,500 fathoms on the chart, very deep water was found;
on the last sounding the register showed 8,008 fathoms, when the wire parted.
The results of these soundings are very interesting, as they show that a deep
submarine valley exists between the high mountains of Guatemala and the
general floor of the ocean.

A supply of coal was obtained at Salina Cruz, and the vessel got away at
8 a. m, on July 9.

Off Magdalena Bay a further supply of coal was obtained from the British
S. 8. Astyamaz, and this was transferred at sea by the Wenonal’s lifebont.

The vessel reached San Diego at 7 p. m. July 17, and tied up at the Navy
coal dock. At San Diego the vessel was cleaned up and given two coats
of paint. Leaving San Diego July 28 the vessel arrived at San Francisco,
845 a. m. on July 81. Here necessary repairs were made to the boilérs and
the crew was recruited. : '

On August 27 the vessel steamed for Humboldt Bay, arriving at Bureka,
Calif., August 28, ’ :

An automatic tide gauge was established on September 2, and a practically
continuous record of the tides was obtained during the continuance of the
worls.

On September 4 the Wenonah proceeded to sea to take up the offshore
hydrography. Although the haze was so thick that no shore objects could
be seen, two lines were run by dead reckoning, which established the existence
of a reported submarine valley north of Cape Mendocino. By September 11
several well-located lines of soundings had been run, giving a fair development
of the head of the submarine valley.

On September 16 preparations were made to take up the survey of Humboldt
Bay and bar. By this time it was apparent that the days on which signals
could be seen offshore were very rare, and, therefore, it was planned to work
in the bay during hazy weather and go outside whenever the weather gave
promise of clearing. For work in the bay the launch Clyde was chartered from
the United States Engineers. The work of hydrography and topography was be-
gun September 18 and fair progress was made. On November 15 the hydrographic
and topographic revision of Humboldt Bay was finished and the Clyde was
turned back to her owners.

No triangulation was done by the party. The geographic positions in Hum-
boldt Bay were supplied by the field party of E. B. Latham, and the positions
of the mountain peaks were taken chiefly from the old triangulations.

The topography of Humboldt Bay was revised so as to show all changes in
shore line and improvements. The west shore of the bay was surveyed from
the South Jetty to a point above Samoa, and the eastern shore was surveyed
from Fields Landing to a point in Kureka. Only minor ¢hanges in topography
were noted. The work is plotted on two sheets on the scale of 1:10,000.

The hydrographic work in the bay included the bar, entrance, and all im-
portant channels. This work is on two sheets on 1:10.000 scale. Except for
the area around the jetties only slight changes in depths were noticed. 'The
bar appears to be improving gradually and a deep channel was found to have
cut across the former big shoal between the inner ends of the jetties. Tide-
staff readings were taken at North Jetty, South Jetty, Eureka, Arcata Wharf,
and Fields Landing. The automatic gauge was established at the North Jetty,
which was taken as the base station. :

The offshore hydrography was the important work of the season and its first
object was to develop the submarine valley northwest of Cape Mendocino.
"Thig submarine valley is of great importance, as it has been the indirect cause
of the wrecking of two ships, the Bear and the Tricolor, and has probably misled
other vessels. A fairly good development of this valley was obtained with up
and down soundings and rigid fixes. As the 100-fathom curve is of extreme
importance to navigators efforts were directed toward tracing it to a satis-
factory connection with the old work to the north rather than extending a
small section out to the 1,000-fathom curve.

The 100-fathom curve was traced from False Cape northward for a distance
of about 35 nautical miles. The steamer Lydonia was working to the south-
ward of False Cape, and the combined work of the two ships will give a de-
lineation of the 100-fathom curve from the old work south of Blunts Reef t0
a connection, with the old work 40 miles north of Cape Mendocino, which will
amply 1peet the demands of navigators for more soundings around this iw-
portant cape.
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[F. G. ENGLE, Commanding Steamer Natoma.]l

SumMMARY o RESULTS.—Triangulation: 5 signal poles erected, 3 stations in main scheme
Occupied for horizontal measures, 2 geographic positions determined. ‘Topography: 11.1
gquare miles of area surveyed, 76 miles of detailed shore line surveyed, scale of
Opography 1: 5,000 and 1:10,000. Hydrography: 109.6 square miles of area covered;
966.9 miles run while sounding ; 5,428 positions determined (double angles) ; 38,414
gOUznéii%gos made; 8 tidal stations established; 1 hydrographic sheet finished, scale

: 20,000. : .

On July 1, 1919, the Naifouta was at Colon, Panama, en route New York to San

rancisco, in accordance with orders dated March 24, 1919. Stores and fuel
Were taken aboard and the vessel left Colon on July 4 at 10 a. m., proceeding
through the Canal and passing Balboa at 5 p. m. the same day. A deck load of
188 cuses of gasoline, in addition to 1,910 gallons in the tanks, was carried and
enabled the vessel to reach Salina Cruz, Mexico, without a stop, a distance of
1,229 mautical miles.

Arriving at Salina Cruz on the 10th of July the fuel tanks were refilled and
110 cases, deck load, placed aboard. The ship left Salina Cruz on July 11, ar-
riving at Mazatlan, Mexico, on the 15th, a distance of 841 miles. Here the tanks
Were again refilled and 202 cases, deck load, placed aboard. The ship left Mazat-
lan on July 17 at midnight and arrived at San Diego at 10 a. m., July 27, 23 days
from Colon, including stops. A detailed account of the voyage is given in the
commanding officer’s “ Report of Passage,” dated September 6, 1910, -

Upon arrival in San Francisco preparations were immediately made for exami-
tation of the Bonita Channel, requested by Admiral Rodman for the use of the

<Pacific Fleet entering San Trancisco Bay. The necessary surveying materials
and stores were taken aboard, and on July 29 field work was started. Two
triangulation stations were recovered north of Point Bonita and hydrographic
Signals built, A boat sheet wag made, temporary lead stand and plotting table
Tigged, and on August 1 sounding in Bonita Channel was commenced. On Au-
gust 5 the sounding was completed and the office work started. Soundings were
reduced and plotted on the boat sheet and a tracing made. On August 28, buoys
Dlaced by the Lighthouse Service were located‘and plotted and the complete
tracing delivered to the inspector of the San Francisco field station. :

On July 28, the day after arrival in San Francisco, the Natoma was struck,
While at anchor off Pier 32, by a tow, bending the stem above water line. A de-
talled report was made on this collision.

During the month of August, a great many changes were made before a satis-
factory crew was shipped. All but three of the crew that arrived in San Fran-
Cisco with the vessel had requested their discharge during July, and it was found
difficult to replace them, prineipally on account of the small crowded forecastle.

uring the month of August and September, considerable upkeep work about

e ship and in engine room was done.® An automatic tide gauge was installed
anqd a 24-foot motor sailing launch fitted for hydrography.

Topographic revision in the vieinity of San Francisco, in accordance with’
ADstructions of July 25, was started on September 10 and hydrography on Octo-
er 6, 1919, and field work closed on April 15; 1920,

: At the close of field work on April 15 proposals were prepared for dry-
Jocking and other repairs, and the engine-room force, assisted by two seamen
gietuiled under the engineer, commenced a thorough overhauling of the port

\gine.

On the night of May 20 the Natome was struck by the steamer-schooner
4"’alon, which was maneuvering in the basin where the Nafoma was moored.

detailed report of the damage was made.

The overhauling of the port engine by ship’s force was completed on June
1 The Natoma returned to the Third and Channel Basin in San Irancisco
O Fupe 14 under the port engine, and the work of overhauling in the starboard
®Ngine continued there. The crew was engaged in cleaning and painting the

ter quarters, mess room, and cieaning and painting outer hull, which had been
Adly diseolored while lying at Hanlon’s Dry Dock in Oakland estuary,

e evision work in San Franecisco Bay in the vieinity of San Francisco was
(?mmenced on September 10 by a topographic party. During September the

Dographic party worked from the ship, which was lylng at Iier No. 36,
Fi_f‘%"dggd in preparation for field work. The revision of the water front of San
e“‘m(}IS_CO was first made, using brom.i(le copies of revision sheets of 1917,

'O‘Im“‘mg these for changes, and making the necessary additions and altera-
N8 by planetable.

1278320
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Sheet No, 3661 extends from Point Avisadero to Union Iron Works. Union
Iron Works to Pier 41 is covered by the harbor commissioner’s plan, which was
examined and corrected; Pier 41 to Exposition Grounds is covered by a small
revision sheet of 1917, and from the Exposition Grounds to 1 mile below Point
Lobos is covered by sheet No. 3659. A map of the city and county of San Fran-
cisco, in two sections, was obtained from the city engineers, for the purpose of
showing additions to streets and other improvements. A topographic sheet
on scale of 1:40,000 was made for the purpose of tying in the city map., The
examination of this map in the field was deferred. -

On October 6 the work between Point Avisadero and Point San Bruno was
commenced. A topographic sheet, scale 1:10,000, was made, covering this
section, and a hydrographic sheet covering the area south of hydrographic
sheet No. 3928 was made to extend to a line between South San Francisco and
Mulfords Landing. An automatic tide gauge was established at Union Iron
Works on September 25 and connected with the old bench marks there. It was
kept in continual operation thereafter. A staff was established at Hunters
Point, connecting with old bench marks, and another staff and bench marks
established at South San Francisco. This staff was compared with Union Iron
Works by a 48-hour simultaneous series. ‘Tidal observations were made at these
stations when sounding in the vicinity, :

The motor sailing launch which had been fitted during September with
plotting board and lead stand was used for sounding the inshore and shoal
areas, extending its work out to the 20-foot curves and wire-drag limits.

It was found desirable to have a triangulation station for use of hydrography
and topography in the vicinity of Belair Island. The old station was recovered
by first recovering Station Guano Island from which, together with other re-
fovergd stations, Station Sierra Point was recovered, and later, Station Belair
sland. .

On November 12, work on the east side of the bay in the vicinity of Bay Farm
Island was started, a siznal was built at Station Bay and triangulation stations
established at Mulford’s Landing and at Robert’s Landing. "The two last were
cut in from Station Point Avisadero, Station Sierra Point, and Station Guano
Island. Topography was started on November 17, at Station Bay, on a new
sheet to revise the shore line and establish signals for the inshore hydrography.
This topographic sheet extends from Mulford’s Landing to Government Island,
Oakland estuary.

On November 26, in a heavy northeast gale the motor sailer was swamped in
shallow water off South San I'rancisco where she was endeavoring to enter for
shelter. The stern sank into the soft mud, making it impossible to raise her by
ship’s force, and it was necessary to engage a wrecking derrick., She was re-
turned to the ship on December 6 and the engine was overhauled and the launch
cleaned of the mud which filled the bottom. This work was completed on the
18th. During this time repairs were made to the ship’s rail by crew, where it
had been damaged on December 4 by the ship rolling against the dock in o
southeast gale.

Sounding with launch was resumed on December 20 in the vicinity of Bay
Farm Island. Staff gauges and bench marks were established off Mulford’s
Landing, San Leandro Bay, and Alameda, and compared with Union Iron Works
by 48-hour series. The old bench marks established at Alameda were connected
with the new staff. These gauges were used for the reduction of soundings in
thelr vicinities. |

During February the central area on the lower sheet was sounded by the
ship, and the topography, which had been carried to the north side of Oakland
estuary, was suspended to carry on the ship hydrography and to do topography
in Golden Gate, required for hydrography called for by instructions. This work
was completed on March 4, and the office work, which consisted of plotting
soundings and making a tracing for city engineer, was finished on the 16th.
While the office work was in progress the ship was painted.

Field work was resumed on the 15th and carried on to April 15, when work
was stopped in accordance with instructions. to prepare bids for repairs.
ship hydrography was carried to Hampton Shoal Lighthouse, splitting the 1ines
run in 1917, in the dragged area, north and south of Goat Island, and making
a 200-meter line development along the east shore into the 6-foot curve. The
launch work extended only-to the Oakland Mole, where it was discontinued 01
the detachment. The revision of shore line was extended to Point San Pablo.

The eastern shore, north of Bay Farm Island, was done by a subparty 1iving
and subsisting ashore and reporting to the ship each week, as the nature of e
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pproaches to the shore rendered it impracticable to pick up the party and land
them each day.

{18, 11. PagENHART, Commanding Stcamer Lydonida.}

SUMMARY 0F RESULTS.—Hydrography: 1,350 square miles of area covered, 535 miles
run while sounding, 576 soundings made, 1 tide station established, 1 hydrographic sheet
finighed, scale 1:120,000. Leveling: 1 mile of levels run.

On November 19, 1919, the Lyudoniae began hydrographic work oft the northern
coast of California between Cape Mendocino and Point Arena.
~ By February 4, 1920. this work was completed southward from the vieinity of
Cape Mendocino to latitude 39° 40’ and westward to longitude 124° 55', and the
Vessel returned to San Franeisco for repairs.

SAN FRANCISCO FIKLD STATION,
[E. 3. DickIns, July 1 to July 7, 1919. FreMont Morsg, July 8, 1919 to June 80, 1920.]

Inspection duty for the coast of California wag continued by an officer of
the Survey in charge of the field station of the Survey at San Francisco.

The duties of the station have to do chiefly with the collection and distribu-
tion of nautical information and publications.

An inspection was made of the agencies for the sale of charts and nautical
publications of the Survey in San Francisco. :

The tide station at Morro Bay, Calif.,, was visited, levels were run to the
different bench marks, and the station was discontinued.

Field work was done for the purpose of obtaining datu for magnetic ranges
in San Francisco Bay.

A stock of charts was maintained at the field station for sale and reference;
the tide observations at the Presidio station supervised; arrangements were
inade for forwarding freight to the field station of the Survey at Manila, and
various other duties were attended to.

CALIFORNIA.

[FREMONT MORSE.]

SUMMARY 0¥ RESULTH.—Triangulation: 8 stations In main scheme occupied for hori-
Zzontal measures, 12 geographic positions determined. Magnetic work: 9 new auxlliary
Stations on land occupied, 1 old station occupied, ship swung at 2 stations at sea,

In September, 1919, instructions were issued for a redetermination of compass
ranges in San Francisco Bay for the use of navigators.

The work directed included the collection of information for a new edition of
Special Publications No. 1—Compass Ranges, San Francisco Bay, the selection
and determination of the necessary ranges, and the preparation of the results
in a form suitable for publication. The field work involved the making of mug-
Netic observations at a-number of points about San Francisco Bay and ship
Swings at the entrance to the Golden Gate, in the channel off Rincon Point,
and at two other intermediate points. IFor this purpose the steamers Natoma
and Lydonie were to be utilized.

2 The necessiary observations at stations on land were made by an observer
then at San I'rancisco awaiting transportation to the Hawaiian Islands.

The old range objects had been nearly all destroyed in the earthquake and
fire of 1906, and it was therefore necessary to sclect new ranges, which was

one on Qctober 2. Triangulation observations for the determination of the
Dositions of the selected range points were begun November 17 and completed

ecember 26.

}’hotographs of the ranges were afterwards obtained.

The necessary ship swings were made by the L