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REPORT

OF THE

DIRECTOR U. S. COAST AND GEODETIC SURVEY.

DerarrMENT 0F COMMERCE,
Coast AND GEODETIC SURVEY,
Washington, October 6, 1921.
Sir: There is submitted herewith my seventh annual report. This
report is for the fiscal year ended June 30, 1921, and is the ninetieth
annual report of this Bureau. ; ' '

INTRODUCTION.
PART I. SUMMARY OF CONDITIONS AFFECTING THE BUREAU.

Chapter I. The fundamental trouble in the Bureau, pages 6 to 7.
Chapter II. The Bureau’s most important problems, pages 8 to 18.

PART 1I. THE WASHINGTON OFFICL.

Chapter I. The accomplishments in the Washington office during
the past fiscal year, pages 19 to 36.

Chapter IL. Program for current fiscal year in the Washington
office, pages 37 to 39.

PART III. IN THE FIELD.

Chapter I. Accomplishments in the field during the past fiscal
year, pages 40 to 49. ‘ L
. Chapter IL Present condition of geodetic, hydrographic, mag-
netic, and tidal and current surveys, pages 50 to 75.

Chapter III. Program for current fiscal year in the field, pages
76 to 80. :

PART IV, DETAILED STATEMENT OF FIELD WORK, PAGES 81 TO 141..
INTRODUCTION.

In the interests of Government economy it is my purpose to make
this report as brief as a proper presentation of the work of and con-
ditions affecting this Bureau will permit. While the report will be
as brief as may be, it is believed that it would be a mistake to abridge
it to the extent that it would not fully present to you the vital needs
of the Bureau, the accomplishments during the fiscal year for which
it is made, a general idea of the task still ahead of the Bureau, the
program for the current fiscal year, and a general discussion of the

matters affecting the Bureau.
b



Part L—SUMMARY OF CONDITIONS AFFECTING THE
' BUREAU.

CHAPTER I.
THE FUNDAMENTAL TROUBLE IN THE BUREAU.

The first and most important matter to be brought to your atten-
tion is the condition of the Bureau as a functioning organization.
To be perfectly candid, it is not up to the maximum of production,
due primarily to the failure to provide adequate salaries through-
out the service. Congress did prevent complete disintegration of the
Bureau when it gave recognition to the field officers, and their pay is
now fairly commensurate with the duties performed, but there are
other highly technical as well as nontechnical employees of the
Bureau who have been retained in the service only through the hope
and continued promises of reclassification that have been held out
to them; but now that this measure apparently will not be brought
to maturity the technical employees and others that are highly quali-
fied, though not members of the technical force, are openly signify-
ing their mtentions of leaving this Bureaun to become identified with
other branches of the Government service or to enter outside employ-

‘ment where the salaries are more commensurate with their abilities
‘and the character of work actually performed by them. This will
be a loss to the country, to the Bureau, and to the individual, because
the Bureau has a field of its own not paralleled anywhere else in this
country, and, consequently, the employee leaving the Bureau can not
fully apply anywhere else the skill he has attained in the Bureau,
nor can he be replaced by another employee of mature skill and -
judgment in carrying on the work of the Bureau. The direct failure
of the Bureau to function properly at the present time is due to the
justifiable dissatisfaction that exists among these employees. They
feel, and rightfully so, that they have stood loyally by the Bureau
through the war at a direct monetary loss to themselves, with the
anticipation, based on definite promises, that conditions would be
righted by reclassification; and, as T have stated in my 1920 annual
report, it was only the zeal, painstaking care, and extra efforts of
these seasoned employees, imbued with the old-time tradition that the
Bureau should set the standard of scientific exactness, that prevented
the disintegration which would mean the loss of fidelity of our nau-
tical charts, tide tables, current, magnetic, and triangulation data.
It may be of interest to you to know that many of these underpaid
technical employees, as well as those of the less technical workers, are
compelled to resort to outside work under the most trying conditions:
in connection with their regular duties in order to make a livelihood.
It leads me to express the belief that both the Federal Govérnment
and the employees would be gainers by the early adoption of higher
salaries and a more productive day. Under present conditions not a
few but many of the employees must hurry from this Burean at the
6
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close of the day to undertake other duties. Just to cite one specific
case: One of the most valued technical men in the Bureau, whose
services to the country can not be measured in dollars, has been com-
pelled to go to his home each night and prepare his and his children’s
supper, while his wife works at night in order to meet the needs of
the family; and each morning, as his wife must rest for another
night’s work, he prepares his and his children’s breakfast, puts up his
Iunch, and leaves for his daily work. Isn’t this deplorable, and would
it be tolerated anywhere outside of the Government? There are
many more such cases. IHow long must this go on? Under such con-
ditions neither the Government nor the outside employer can have
the services of a vigorous, wide-awake, self-reliant worker, but must
put up with a man whose energy has been partly spent; and a con-
tinuance of this practice for a certain perlod results inevitably in
the run-down, overworked, nervous, and irritable or dejected em-
ployee. It would be far more profitable for the Government to pay
"a hagher salary and obtain the best efforts of the employees for a more
productive day. I can not emphasize too strongly that unless this
fundamental trouble is soon corrected a disintegration of the service
will continue, with disastrous results of which the Government and
the public will feel the effect for years to come. The question is, Will
the pledge given some years ago, continually repeated and as often
postponed with the usual excuses, be kept now with the men who are
the backbone of our Federal institutions, or will the unredeemed
promises continue to prévail? (See fig. A, opposite p. 6.)

Another phase of the salary question is important enough to bring
to your attention, reiterating what I have said in former reports.
It involves the entrance salaries, which are too low to tempt those who
have the basic education required for the specific work involved. In-
stead of being in a position to accept only those who meet the neces-
sary requirements, the Bureau has to take men with inferior qualifi-
cations and hold them simply as “ temporaries.” If they show special
aptitude for the work their sojourn in the Bureau is of short dura-
tion, for the present rate of pay is too small to hold them. They are
benefited by the help and coaching of more experienced men, and then
leave for more lucrative positions. The balance of these temporary
employees who do not improve nor measure up to a fair standard
eventually must be dropped; and so it goes on, year after year, with
an annual turnover of 50 to 100 per cent.

All this means unrest and disorder, and an unnecessary burden
on the division chief and his principal assistants. Their time is
wasted when it should be applied to important matters only. The
Director’s time, too, is more or less taken up with these unfortunate
conditions. This method of doing business is wasteful, viewed from
every angle. I can not fill vacancies with ineflicient people just be-
cause vacancies exist. Until the long-recommended change for
equitable salaries is made, just so long will this uneconomical con-
dition exist.

I have given you the above facts frankly without obscuring the,
actual conditions, just as a manager would submit them to the head
of a large business concern.

In this Bureau we are endeavoring to give the public a salable
article, but with these handicaps the output is produced under un-
necessary difficulties which mean delay and waste.



" CHAPTER II.
THE BUREAU’S MOST IMPORTANT PROBLEMS.
NEW BUILDING WOULD PAY INTEREST ON INVESTMENT.

The second most serious condition that prevents this Bureau
functioning to the fullest extent, and which I have dwelt on at
length in previous reports, is the utterly inadequate space in which
it is housed, and a lack of proper and sanitary quarters. The Bureau
is operating in eight buildings, five larger and three smaller, all but
two more or less detached, and connected as far as it is feasible by .
communicating bridges. Two of the main buildings were designed
and built for dwellings and one of them was used for that purpose.
One of the smaller buildings was built for and used as a stable, and
another two of the main buildings were designed and constructed
for use as a hotel and were rented to the Government for the use
in this Bureau from 1871 to 1891 when they were sold to the Govern-
ment to house part of this Bureau. As its work centers largely in
the construction and production of nautical charts and it is there-
fore a manufactory, the Bureau operates under a signal handicap in
buildings so little suited to its needs. It is a matter of economy
to provide a respectable building for this service—it is waste to
continue under existing conditions.

CURRENT OBSERVATIONS WILL SAVE LIVES AND VESSELS,

During the years from 1900 to 1921 there were stranded or wrecked
on the Pacific coast of the United States more than 100 vessels involv-
ing a loss of hundreds of lives and millions of dollars in property,
and this in spite of the fact that our navigators on the Pacific coast
comprise an unusually able, keen, and alert group of men. To a large
extent this loss was due to the lack of knowledge of the effects of
the currents on the Pacific coast. Had there been adequate knowl-
edge of these currents, a large part of this enormous loss certainly
would have been prevented. .

In the safeguarding of life and property on the Pacific coast a
knowledge of the currents is of the utmost importance; for in the
more than thousand miles of coast line that stretches from the Mexi-
can border to the Strait of Juan de Fuca, harbors are many miles
apart, sailing courses long, and periods of thick weather are of com-
paratively frequent occurrence.

' Appropriations for the observation of currents have to the present
time been so small as not to permit the maintenance of a vessel for
making a detailed systematic study of the treacherous and little-
known currents of the Pacific coast. By taking advantage of the five
light vessels stationed along the coast, the Survey has at little cost

8
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secured observations which have brought out the important fact that,
contrary to the belief of the mariner, a-wind creates a current not in
its own direction, but in a direction about 20° to the right of the
wind. The importance of this discovery lies in the fact that a wind
blowing parallel with the coast may produce a current which tends
to set a vessel on the shore, a fact which until now has been unsus-
pected by the navigator.

To bring out to the full the effects of the currents it is necessar;
to make a systematic study of the currents all along the coast.
modest appropriation that will permit the maintenance of a vessel
for three seasons to secure observations at critical points between the
light vessels is needed. Such a survey will bring out the effects of
both the tidal currents and the wind currents along the whole coast.
In this connection it is to be noted that while the Survey at present
is engaged in the determination of the magnitude and nature of the
currents that affect navigation, it has at the same time, and at no
additional cost, secured data for a comprehensive study of oceanic
circulation, which has an important bearing upon many problems in
meteorology, climatology, and related subjects. .

Given the modest appropriation necessary to carry into effect the

lans outlined for a systematic survey of ‘the currents along the

acific coast, a long step will have been taken toward the safeguard-
ing of life and property in the navigation along that coast.

The appalling loss of life and property in the wreck of the
Alaska on August 7 on the coast of California is a compelling argu-
ment for the charting of the currents on the Pacific coast. Only one
explanation of the wreck has thus far been offered. The second
officer of the Alaska declares that an uncharted northeast current
dragged the fog-bound ship several miles inshore into the reef.

DELAYED SURVEYS ON LAND ARE WASTEFUL.

The need for control surveys, for precise triangulation, traverse,
and levels has reached an acute stage. For years the appropria-
tions for such work have been far short of what they should have
been, until now there is an accumulation. of demands which are so
pressing that they command consideration.

In Alaska our geodetic surveys are far short of the immediate
needs of our charts. In southeast Alaska the triangulation has no
main scheme control, nor is it as yet connected to the North Ameri-
can datum. Western and central Alaska are entirely without control
surveys or a connection to the North American datum. For years
the Coast and Geodetic Survey has been importuned by other Fed-
eral organizations, especially the General Land Office, the Geological
Survey, and the IForest Service, to supply precise control for the
interior of Alaska. The proposed international cooperative arc of
triangulation from Puget Sound through southeast Alaska to the
Yukon, then down the Yukon and across to Cook Inlet, will do much
to relieve the Alaska situation; but at the best that project will re-
quire four years to complete.

The demands of the business interests of the Nation for the com-
pletion of the topographic map of the entire country are yearly be-
coming more insistent. The extension of the good roads system, the



10 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY.

L)

water supply problemns of the cities, the colonization and industrial
expansion programs of the railroads, the administration problems of
TFederal agencies, each in itself would be sufficient reason to complete
the topographic map at the earliest possible moment at a saving to
the country as a whole. But preceding the topography must come
control surveys, the triangnlation and levels. We are so far in
arrears of current demiands for such surveys that an immediate in-
crease in the funds for such work is imperative. Detailed surveys
and the attendant control surveys are too intimately connected with
the economy and the welfare of essential industries to permit those
surveys to wait longer for a time when funds will be abundant,

If funds are not provided for this Bureau to do this pioneer work
for which it was created, then we must eventually pay dearly for the
delay, mistakes, and disaster which are bound to develop complica-
tions and ultimately largzer costs than if the control surveys, ete.,
were done prior to the detailed mapping work.

NEW VESSELS VERSUS OLD VESSELS.

Each year for the last seven years I have 2ndeavored in my an-
nual report to emphasize the urgent need for speeding up the hydro-
graphic survey of the waters contiguous to our seacoasts, both at
home and in Alaska and the insular possessions. Much has been
accomplished in this line by rcorganization of surveying parties, by
improved methods, and by greater uniformity and standardization
of methods; but there is, of course, a limit to the amount of work
that can be accomplished by an organization without expansion and
without the most efficient teols; and 1 believe that we have now
approximated that limit. Iurther solution of the problem, there-
fore, appears to demand more surveying parties and more and better
equipment.’

This Bureau is in urgent need of vessels to increase the number of
parties that can attack the vast unsurveyed waters under the control
of this country, and to bring some of the present parties up to a
higher degree of efficiency. It is as unreasonable to expect efficient
work from a hydrographic surveying party in a worn-out or other-
wise unsuitable vessel as it is to expect good work from a mechanic
with defective tools. Vessels are the tools of the hydrographic
parties; they have other tools, to be sure, such as sounding machines
and instruments for navigation and surveying, but those are rela-
tively inexpensive, and consequéntly can be supplied without diffi-
culty from the funds annually provided. Vessels are relatively ex-
pensive, particularly during recent years, but it can be shown that
the annual savings that would accrue from the use of entirely suit-
able vessels, instead of antiquated or otherwise unfit vessels, would
soon pay for their cost. ‘

It would undoubtedly be an economical procedure to take some of
the vessels that are no longer required by other organizations of the
Government and turn them over to the Coast and Geodetic Survey
for hydrographic surveying, if there were any such vessels. But, un-
fortunately, there are not; at least, I have been unable to find any
more vessels that could be used by this Bureau which can be spared
by the organization to which they are now assigned. All of the
vessels that are not now required elsewhere in the {(zovernment serv-



REPORT OF IMRECTOR, COAST AND GLODETIC SURVEY. 11

ice are either so large that the cost of operating them as survey ves-
sels would be prohibitive, or else they are so worn out and defective
that the cost of putting them in service would be an unwarranted
outlay on a craft that could not be made really efficient. This sub-
ject was gone into thoroughly immediately after the war and seven
of the most likely of the Nav y’s available vessels were taken over.
Three have been turned hack as entn*ely useless tor this work, and
the others, with possibly two exceptions, are far from satisfactory.
Nor are there any suitable vessels to be had outside of the Govern-
ment.  Vessels are built always for a specific use and are designed to
best meet the requirements of such. When put to some 1 1dlcxlly
different use, there is necessarily loss in efficiency and heavy unpro-
ductive expenses.

This Bureau has learned from 100 years of experience that eco-
nomical surveying can be accomplished only with the smallest craft
that can be steadily operated on the bodv of water under survey.
It may be a small power boat for entirely sheltered waters; a small
steam or motor vessel where protection is less complete; or an able
seagoing vessel where there is no shelter; but in every case the size
must be held down to a minimum practicable for the nature of the
work. It has heen found that a seagoing vessel of 1,000 tons dis-
placement is ample for the largest opemtlom in the most exposed
localities, and hence this has Deen fixed as the largest vessel this
Bureau is willing to operate. In order to get the necessary person-
nel and a])plhmcos into a vessel of this size, it is necessary to give
special consideration to its design; hence, the reason why a perfecth
satisfactory vessel for some other purpose does not make a satis-
factory surveying vessel.

Right here it is appropriate to quote what the present commandor
of the Surveyor has to say about the Coast and Geodetic Survey’s
only modern surveying ship:

Having been aboard this ship for about six months and aboard most of the
others in tpe service for various lengths of time, my opinion is thaf the othets
should be junked and more like this one gotten. 8he has power, decominoda-
tiong for the men, a lnrge fuel capacity—there is no Wworry as to whether you
will burn 1 ton of coal too much upon starting for port—and she can work in
rough weather. We can take aboard about 1,000 barrels of oil per hour, the
equivalent of 200 tons of coal, and, at the present prices of oil and coul, is
cheaper to operate than other vessels of small tonnage. She has stopped and
bhacked from 10 knots ahead over three thousand times during the past couple of
inonths, and there is very little vibration aft. The chief engineer has reduced
the oil consumption considerably; it varies from 60 to 80 bharrels per day
when on hydrography from 16 to 19 hours, and to about 30 barrels per day
lying idle. 'This vessel can operate most economically when a large area is
assigned to the party, so that it will be more or less independent of local weather
conditions.

The Bureau now operates 11 surveying vessels between 100 and
1,000 tons displacement and 2 under 100 Tons, 2 of which belong to
thv Philippine Government. Three only of these vessels can w vork
in exposed localities, and the others must be employed only where
shelter can be had during stormy weather. Seven of these vessels,
large and small, are considered l'eally dh(,lent for the work on whic h
thov can be employed, and the others are only malkeshifts. This is
the equipment with which the Bureau must keep up to date surv eys
of the Atlantic, Gulf., and Pacific.coasts of the United States and
extend the hydrography out to the edge of the continental shelf;
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survey Alaska, Porto Rico, Virgin Islands, Hawaii, and the Phil-
ippines; and make such special surveys as may be requested by other
bureaus of the Government.

The Navy has no vessels suited for carrying on hydrographic
work with the exception of the mine sweepers. Request has been
- made by this Bureau for two of these vessels and refused on the
ground that they were needed by the Navy for other duties.

FEARTHQUAKE PREDICTIONS VITAL TO HUMAN LIVES.

Very recently important seismological investigations have been
begun by the Carnegie Institution of Washington, and by other
agencies, looking toward the prediction of earthquakes. Japanese
seismologists already have, to an extent, proved their ability to
predict destructive shocks in areas where a detailed study of condi-
tions has been made. Seismologists agree that earthquakes are due
to an abrupt adjustment of the accumulated strains in the earth’s
crust, often accompanied by sudden relative vertical and horizontal
displacements of portions of the earth’s surface. It is believed that
the strains as they accumulate, prior to the actual convulsion, may
cause a gradual distortion of the surface of the earth which can be
* detected by geodetic methods. As a preliminary step, it is necessary
to have detailed precise triangulation and levels in regions of seismic
activity in order that studies may be made of gradual distortions or
displacements in the earth’s crust prior to shock, the character and
extent of the displacements at the time of the earthquake, and the
extent of the later readjustments of the portions displaced.

AERTAL SURVEYING.

The Mississippi River delta was photographed by the Air Service
of the Navy during March, April, andti\lay, 1921, for the use of
this Bureau in revising the chart of this area. Office work on these
photographs is now in progress.

Atlantic City, N. J., and the vicinity was photographed in July,
1919, by the gir Services of the Army and Navy, and almost the
whole of the outer coast line of New Jersey was photographed in
March, 1920, by the Army Air Service. Revised charts of the New
Jersey coast are now being compiled, and will soon be issued, show-
ing corrections as obtained from these photographs. An officer of
this Bureau established the ground control and verified the results
of the office compilation, making an examination of the photo-
graphic mosaics in the field. , ) 3

The results of this work have produced some interesting and im-
portant conclusions in regard to chart revision: (1) The cost of the
revision of the topography of the New Jersey coast by means of
aerial photography is about one-third of the estimated cost by
plane-table methods; (2) the inaccuracies to which aerial photo-
graphs are subject become negligible when reduced to a scale of
1:80,000, the .scale of our coast charts; (8) no better historical
record could be kept of shore-line changes than that furnished by
aerial photographs, as every detail is shown.

Owing to lack of trained personnel, the Air Services of the Army
and Navy have not been able so far to carry out a program of
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%hotographing portions” of the Atlantic coast as requested by this
ureau for the purpose of chart revision. The situation is improv-
ing and these services are planning to cooperate more fully in the
near future. '

An officer of this Bureau has devoted practically all of his time
durin(% the year to the study of this subject and in keeping in touch
with developments. Instruments for use in compiling (fata are being
acquired. In June of this year a mathematician was assigned to
devote a part of his time to the study of the mathematical problems
connectecf) with aerial surveying. A draftsman was also detailed for
a portion of his time in order to become familiar with the process of
compilation of data from photographs. In this way preparations
are being made to handle photographs as they are received from the
Air Services. The nucleus of an office and field force is being formed,
so that when the time comes that the Air Services will be able to make
extensive photographic surveys the Coast and Geodetic Survey will
be ready to do its part with a small increase in personnel and the
charts of the United States will be cloger to perfection, as far as
topographic features are concerned, than they ever have been before.

Too much stress can not be laid on this successful method of re-
vising our shore topography, emphasizing accuracy, economy, and
speed. But the Coast and Geodetic Survey does not maintain air-
ships and seaplanes, and unless there is greater cooperation from the
Army and Navy Air Services valuable time will be lost in supplying
for charts and maps important information for commercial purposes
on-sea and land.

ALASKA.

There has been much said about Alaska and the development of her
resources, and while the Federal Government should give every en-
couragement to the upbuilding of her great frontier country the
primary and important need of Alaska at the present time is a com-
plete charting of her great area of coastal waters and control surveys
and levels in her interior.

Is it not good business to safeguard in every way possible the lives
and property and wealth of a country, and to estaglish sure and per-
fectly charted lanes to other markets? Is it not a good investment
to make an outlay of a comparatively small sum of money to make
vast wealth available? v

The Coast and Geodetic Survey must have suitable ships, men,
equipment, etc., so that we can as quickly as possible chart safe and
well-established lanes through which commerce can pour at will.  All
the mines in the country would be useless, all the railroads futile, if
the products could only be brought to Alaska’s shores and then be
lost. Enough shipping has ended fatally these past years to prove
the need and advisability of locating dangerous reefs and rocks and
other dangers and making accurate and safe charts,

The outstanding needs are indicated as follows:

About 7,000 square miles of water area in southeastern Alaska
remains to be wire dragged, but a part of this area is not frequented
by large vessels to-day, and may not be for some years hence. How-
ever, this work should not be delayed until some vessel is lost due to
an uncharted pinnacle rock. The main steamer route will be com-
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pletely dragged this year from Dixons Entrance nearly to the head
of Lynn Canal. The balance of this route down Chatham Strait to
Toy Strait, and thence through Icy Strait and Cross Sound to the
Pacific, should be completed next year. The additional work re-
quired to be done along the deep-draft steamer route, via Summer
Strait, Chatham Strait, and Frederick Sound, probably will be com-
pleted year after next. Thereafter the drag parties will be ayailable
to take up the other steamer routes in the order of their importance.
It is believed that wire-drag work in southeastern Alaska is fairly
well in hand now and that we have, or will have next year, equip-
ment for carrying this work to completion as rapidly as possible.

In Prince William Sound there is a large amount of drag work
that should be undertaken as soon as equipment is available, and the
need for this work is almost as urgent as for the southeastern Alagka
work. '

That the improved wire drag fulfills its purpose is shown by the
fact that in the 4,000 square miles of water area dragged, 3,500
uncharted obstructions have been discovered, a number of which were
close to if not actually on the lines of ocean travel. -A fast-moving
liner striking a pinnacle rock in just the right way would suffer the
fate of the 7'itanic, no matter what precautions were talken.

In the matter of offshore hydrography, the Survey is most seri-
ously handicapped by lack of vessels suitable for this work. From
Dixons Entrance to Cape Spencer there are about 12,000 square miles
yet to be surveyed. Irom Prince William Sound to Unalaska there
are 40,000 square miles that should be surveyed immediately. All
of this work requires able seagoing vessels, of which we have avail-
able just one, the Surveyor. Tt, therefore, appears that the most
serious problem confronting this Bureau is the outside survey and
in particular the outside surveys of western Alaska. This, for the
reason that, while we.yet have much work to be done in southeastern
Alaska and in Prince William Sound, we have vessels that can be
employed on this work and some of it can be accomplished by large
launches, of which we have a few available, and will have others
when the wire-drag work is completed ; but on the outside work we are
entirely dependent on one vessel.

This very important part of the United States has been sadly
neglected. Not only are the field surveys of Alaska far in arrears,
but in addition it has been impossible to produce accurate charts of
many areas of which surveys have been made.

The subject of corrections of our Alaska charts presents a differ-
ent but equally serious and difficult problem. The rapid develop-
ment of that Territory combined with our insufficient facilities for
making adequate surveys as rapidly as that development demanded
has resulted in a condition from which we are still suffering and
under the inost favorable circumstances must -continue to suffer for
some years to come.

Owing to the insistent demand for Alaska charts the first surveys
were rushed.  They were nothing more than reconnoissances. The
control was crude; signal positions were plotted graphically on the
survey sheets before they were computed. '

LEver since those charts were constructed we have been making
surveys to be applied to them. But in order to apply such a new
survey to the small-scale charts we must distort it to fit the dis-
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torted chart or else construct an entire new chart to fit the survey.
It is an actual fact that to-day if a wire-drag party reports a newly
discovered danger by giving its latitude and longitude we can not
plot it on our charts 1n its accurate relation to adjacent features until
we know the chart or sheet from which the position was taken.

If this were the whole story, the solution of the present condition
would be an immediate adjustment of the existing Alaskan triangula-
tion and subsequent reconstruction of our charts to conform-thereto.
But the matter is still further complicated. We have just begun the
field work on a main scheme of triangulation through southeastern
Alaska and the Cinadian Government is carrying a similar scheme
through British Columbia, by means of which our Alaska triangula-
tion will be connected with that of the United States. When these
two measurements are completed all the southeastern Alaska tri-
angulation will be adjusted to the North American standard datum.
But to make any adjustment of triangulation prior to such comple-
tion would involve months of work, which would all have to be done
over when the final connection was made.

When this triangulation is adjusted almost all ot the charts will
have to be made over. As we lack the draftsmen necessary to
undertake this work, the preliminary adjustment could not in the
near future be utilized to an extent suflicient to justify its cost to
the short-handed division of geodesy. Our future policy should be
to apply the essential information obtained from new surveys and to
postpone further reconstruction of small-scale charts until the tri-
angulation is completed and adjusted, by which time it is hoped
that the force of draftsmen will have been increased sufficiently to
enable us to take up a systematic reconstruction of all necessary
southeastern Alaska charts. _

T am informed that the work of the Canadian Government may
possibly be completed this calendar year, and if not that we may
expect its completion in 1922. In my opinion, therefore, it now
becomes of first importance that the divisions concerned study this
subject carefully to ascertain precisely what additional data are
needed for a complete adjustment of all southeastern Alaska sur-
veys, to the end that any field work which may be required for
supplementing our present control data may be furnished this
office by the time the Canadians furnish their part of the task.
The control is needed along the whole Alaskan coast, and:should be
rapidly completed. A

In the interior of Alaska we have no fundamental control surveys
whatever. This is not a creditable condition of affairs. The U. S.
Geological Survey, the General Land Office, and the Forest Service
are carrying on their operations in furthering the industrial and
commercial development of Alaska, but are badly handicapped by
lack of accurate latitudes, longitudes, and elevations for the proper
location of surveys and maps.

Every year’s delay in starting the control surveys in Alaska ag-
gravates the confusion and retards the surveying and mapping of
the area which are so essential to its development.

T he yearly increase in the productivity of Alaska, resulting from
the control surveys, will be greater than the entive cost of these
surveys.
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‘ HAWAIIAN ISLANDS,

The increased commercial importance of the Hawaiian Islands
makes it desirable to carry on hydrographic surveys in the waters
surrounding them. At present there are many parts of the island
coasts along which there are no soundings ‘whatever and the water
between islands is frequently inadequately surveyed. There are
many . places in the waters surrounding the Hawaiian Islands at
which current observations should be made.

The more adequate charting of the waters of the Hawaiian Islands
and of the reefs to the westward of this group is necessary both to
save life and property and to save time to the ships in sailing from
island ports to various points in the Pacific. There are many places
where the waters are dangerous because of submerged reefs while
at the same time there are undoubtedly safe channels between the
reefs, but in the absence of accurate charts the navigator does not
dare venture in the dangerous zone. , '

This matter of charting the waters of the Hawaiian group is of
such importance that urgent appeals have been made to the Coast
and Geodetic Survey by the governor of the islands and by com-
mercial bodies at the important ports of the group, requesting that
the completion of the charting ofp the Hawalian waters be expedited.

In addition to the charting of the waters there is work ashore in
the form of primary triangulation to properly coordinate the charts
and maps of the several 1slands. . Without this precise control the
charts and maps of the group can not be carried on to the best ad-
vantage. S

The U. S. Geological Survey, in cooperation with the Territorial
government, is now making topographic maps on some of the islands
and in this work triangulation which has been done by the Coast and
Geodetic Survey and by the government of the Hawaiian Islands
before annexation to the United States, is being used. This tri-
angulation has never been properl comguted and adjusted and this
should be undertaken at an early date. The expense would be small,
but the benefits to the charting and mapping would be very great.

Practically no work has been done in the Hawaiian group for a
number of years by the Coast and Geodetic Survey because of lack
of proper equipment and inadequate funds and also because of
the necessity of using such equipment, funds, and personnel as we
have on the coastal waters of the United States and Alaska, but the
time has certainly arrived when this neglect of the Hawaiian Islands
should cease. Their importance to the country is very great, as is
shown by their commerce, and it would seem that some part of the
activities of the Federal Government should be directed toward giv-
ing the islands the charting and mapping facilities needed in their
further industrial and commercial development,

OCEANOGRAPHIC RESEARCH ESSENTIAL TO NATION’S WELFARE.

Another subject that should receive early attention by this Bureau
is ocean surveys. From' 1845 until 1860 the Coast and Geodetic
Survey, then known as the Coast Survey, employed one or more
vessels almost continuously on deep-sea hydrography in the Atlantic
Ocean contiguous to our coast and principally along the Gulf Stream.
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This work was interrupted between 1860 and 1867, but was then
resumed and was carried forward with only short interruptions
until 1890. Since that time this Bureau has made only minor con-
tributions to our previous knowledge of the deep waters off our
shores, and through which all our shipping, except the coastwise,
must pass. The earlier work was performed mostly from sailing
vessels and with such crude apparatus that incomplete and often
contradictory results were obtained. The later work, particularly
that of Mitchell, Sigsbee, Bartlett, and Pillsbury, was excellent,
but was, of course, limited in detail to the capacity of the instru-
ments that had been devised up to their time. This work, however,
was confined to the Atlantic Ocean, Gulf of Mexico, and the Carib-
bean Sea, and principally to an exploration of the Gulf Stream;
it was discontinued, not because sufficient information had been ob-
tained or any of the large problems of oceanography had been solved
but~because vessels were no longer available for this work and
also to carry on inshore surveying, the demand for which had been
ingistent. Consequently, investigations in oceanography had to give
way to hydrography that was more urgently needed than by our
merchant marine.

Since the war there has developed a very urgent demand for
more exact information concerning the oceans, and in particular
the Atlantic and the Pacific. - This demand comes from scientists
as well as from mariners, fishermen, and cartographers, and the
information sought concerns the advancement and welfare of the
country in many respects. There would result from a better knowl-
edge of the oceans direct savings from a decreased loss of ships,
their passengers, and cargoes, from shorter and quicker passages,
and from reduced passenger, freight, and insurance rates because
of the greater safety. There would result a better knowledge
of the present fishing banks, the discovery of new fishing banks,
and a better knowledge of the distribution and movement of food
fishes and of their food, which would have an enormous economic
value to the country. A better knowledge of the configuration of
the ocean bottoms, of the materials deposited upon those bottoms,
and of the ocean currents may result in discoveries that will mate-
rially modify our ideas of some of the laws of nature. Meteorology
is believed to be closely related to otean conditions, and it seems more
than probable that systematic observation of meteorological data
over the oceans will contribute to more complete and more dependable
weather forecasts. ‘

Ocean surveys should be resumed in the Atlantic for the purpose
of supplementing and extending our earlier surveys. Unexplored
areas off our coast should be examined and a sufficient number of
soundings taken to give at least a general knowledge of the relief
- of the bottom. Where the. earlier surveys are known to have been
made with crude apparatus and by doubtful methods, a reexamina-
tion should be made to verify the earlier work and, if found to be
appreciably in error, these areas should be resurveyed. Accompany-
ing the hydrography there should be taken a sufficient number of
observations of current, density, temperature, and salinity to permit
a thorough study of the ocean currents. These are the phases of
oceanography that come properiy within the scope of activities of

68584—2 ——2
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this Bureau, but there appears to be no reason why other investiga-
tions in oceanography could not be conducted at the same time at
small additional cost by scientists detailed to the party from the
bureaus having cognizance of such subjects. ;

In the Pacific the same lines of investigation should be carried out,
but there even a beginning has hardly been made; the areas of totally
unexplored ocean are of vast dimensions. There is reason to believe
that fishing banks of which we have no reliable information may
lie just outside our coastal waters; the supposed locations of these
banks should be investigated without delay. Off the southern Cali-
fornia coast and also westward from the Hawaiian Islands are
dangerous reefs in the track of our shipping. Until these and other
uncertain areas are thoroughly exploredp we may expect unavoidable
wrecks and loss of life,

Within the last few years great advancement has been made in
instruments for precise measurement of ocean currents, temperature,
and salinity ; and by means of radio communication and radio direc-
tion determination the position of a vessel at sea can be fixed with
far greater accuracy than was possible at the time of our last
oceanographic work. We are therefore justified in expecting much
more accurate investigation in oceanography now than has ever been
possible heretofore.

The Pan-Pacific Scientific Conference which met at Hawaii during
August, 1920, adopted the following resolution:

Oceanographic investigations yield results which constitute a basis- essential
for scientific exploration and research in the Pacific region, notably in meteor-
ology, gzeology, botany, and biology. Moreover, such investigations are of
importance to navigators in disclosing dangers to vessels sailing the ocean, and
are of economic value in enabling vessels to save time and fuel in their navi-

ation.
. The present knowledge of the oceanography of the Pacific is deficient in every
branch, and constitutes but a meager array of data scattered widely.

In the oceanographic investigation of the Pacific waters the configuration of

. the bottom should be determined, specimens of the bottom deposits collected
and their thickness and stratification revealed, the physieal and chemical char-
acteristics of the water at different depths and times determined, and the hori-
zontal and vertical circulation of the waters observed.

The field work inveolved in such investigations must be carried on almost
entirely by the governmental hydrographic organizations of the countries bor-
dering on and contained within the Pacific Ocean, owing to the great expense
involved in creating new and special agencles, and because the governmental
agencies have the personnel trained in this work. Those carrying on ocean-
ographic surveys in the Pacific should avail themselves of the services and advice
of individuals and organizations dealing with those branches of science depend-
ing upon the results of such surveys.

This conference feels that a systematic oceanographic investigation of the
Pacific should be undertaken as soon as possible.

The plan adopted should be designed to complete the survey of the most
critical areas at an early date, and eventually the whole Pacific region,

To undertake this work a vessel specially adapted is essential, and
it should be kept continuously on the work, in order to accomplish
definite results, much that the country should already know about.

The failure to have undertaken oceanographic work years ago
only emphasizes the fact that soon our country will be looking for
certain information regarding the seven seas, just as the farmer seeks
information about his land, and it will not be available. The work
should not be put off. ’
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Part II..THE WASHINGTON OFFICE.
CHAPTER 1.

'ACCOMPLISHMENTS IN THE WASHINGTON OFFICE DURING THE
FISCAL YEAR.

The organization of the Washington office of the Bureau is pre-
sented by the organization chart opp051te The accomplishments dux-
ing the fiscal year by divisions and sections follow.

DIVISION OF GEODESY.
The following important pieces of work were completed during

the fiscal year or were in progress at the end of the year.
The computation and adjustment of the following pieces of tri-

angulation:

1. Precise triangulation in the Yuma 8. In Florida (complete to date).
district, Ariz. 7. In Massachusetts (complete to

2. Precise triangulation from the east- date).

. ern oblique arc to Sanford, Calif. 8. In North Carolina.
3. Precise triangulation along the Rio 9. In New Jersey.

Grande are, Tex. 10. Tn Virginia (held work by Vn-
4. Precise triangulation from the vi- ginia Fisheries Commission).

cinity of Waco, Tex., to Mans- 11. Along the Potomac River,

field, La. 12. In New York.

5. Precise triangulation along the
California-Oregon are. -

In connection with the triangulation listed above, the computa-
tion of the following base lines:

1. Jacksonville base, Tex. 4, Kight bases along the coast of
2. Belen base, Okla. North Carolina. -
8. Savanna base, Okla.

The computation of the following lines of precise traverse:

1. North Vernon to South Bend, Ind. 4, Memphis, Tenn., to Little Rock, Ark.
2. Beloit, Wis., to Vandalia, I1l. 5. Sanford to Wilmington, N. C.
3. Beloit to Racine, Wis. 6. Pascagoula to Boonville, Miss.

The computation and adjustment of the following lines of pre-
cise levels:

1. Tenaha to Gallatin, Tex. . B. Weed, Calif,, to Auburn, Wash.
2. Hilisboro, Tex., to Natchez, Miss. 6. Rockton to Vandalia, 111
3. Klamath Falls to Ontario, Oreg, 7. Portland to Astoria, Oreg.
4. R(%c}kaord, 111, to Prairie du Chien,
is.

The computation of the following astronomic stations:

1. Preliminary results for field use at - 3. Final results at 36 latitude stations.
44 azimuth stations. 4. Final results for 18 differences of
2. Final results at 88 azimuth stations. longitude.
19
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The preparing of the manuscript and proof reading of the fol-
lowing publications: )

1. Special publication No. 67: Latitude developments connected
with geodesy and cartography, by O. 8. Adams.

2. Special publication No. 68: Elements of map projection, with
application to map and chart construction. by C. H. Deetz and O.
S. Adams (in cooperation with the division of charts).

3. Special publication No. 69: Modern methods for measuring the
intensity of gravity, by C. H. Swick. :

4. Special publication No. 70: Triangulation in Kansas (supersedes
appendix 3, report for 1902). » : ,

5. Special publication No. 71: Relation between plane rectangular
coordinates and geographic positions, by W. F. Reynolds.

6. Special publication No. 75: Radio-compass bearings, by O..S.
Adams.

7. Special publication No. 74: Utah-Washington arc of precise
triangulation, by C. V. Hodgson (in press).

The manuscripts for several other publications are in course of
preparation and at least two of them are ready for publication,
’xll‘amely, Triangulation in Massachusetts, and Precise Leveling in

exas. :

In addition to the routine work of the division, several special
problems have been studied and investigations made. These include
a study of the movement of the earth’s crust in the earthquake region
of California, a study of earth dynamics in connection ‘with the
Stokes theorem, and a continuation of the study of map projections.

This Bureau has become onie of the leaders of the world in geodetic
work largely because the methods for carrying on the work are being
improved continually by careful study and experiments, both in the
field and office. A scientific bureau like this must devote a part of
its energies to this class of work if it would progress rather than
retrograde. ‘ :

The number of computers or mathematicians, who were assigned
to the division of geodesy at the Washington office, varied slightly
from month to month during the year. The average force during the
year was 18.6 persons . o '

Whenever an engineer from the field was brought to the Wash-
ington office, after a season’s work on geodesy, he was assigned to
the division of geodesy, but these field engineers were engaged most
of the time while here in preparing reports on their past season’s
work, in completing their field records, and in preparing for a new
season’s work. Very little work, therefore, was done by them to sup-
plement what is being accomplished by the regular computing force.

The duties of the division of geodesy at the Washington office
consist largely of the administration of the office and field forces;
the computation and adjustment of triangulation, including astro-
nomic observations; the computation and adjustment of precise level-
ing; the computation of field observations made for the determina-
tion of the intensity of gravity and researches in the subject of
isostasy in which gravity determinations play an important part;
geophysics in the form of research of the subject of the strength of
the earth’s crust or isostatic shell and certain physical properties of
the material of that shell; and furnishing information to officials of



iZ6i OL 9681 WOHd4 SLYVHD 40 3INSSI
WSO PD 00005
QN

< 000°03

000°0L

o \ 000708

- 00006

\V A\ / 000°001

P — \ : ooo_.o:

000°02!

\ 000°0¢1
/ N\

000°0%!

\ 000°0§!
000°09!
000°0L!

\ 000°08!

N - 000'06i
/

/

[

000002

M t— 000012
|

i 000°02¢
NG . :

g 00002

/
\ 000072
nh : .
/
[
[

000052

000°092
000042

000082
/ i ; 1 |

L T T 000062

L 000°00€
1Z61 0261 6161 8161 Li6l 96l  SI61 w6l €161 ZI6l 1161 OI6l 6061 8061 LOBI 906F SO6I 4061 €061 206! 1061 OO6l 668! 868 (68! 9681

U.S.Coast and Geodetic Survey




REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 21

the Coast and Geodetic Survey and other Government organizations
and to the public in response to written or oral requests. ’

As soon as practicable after the computation and adjustments of
the field observations are made at this office, the results are printed
in order that they may be available for general use.

DIVISION OF HMYDROGRAPIIY AND TOPOGRAPHY.

This division has supervision of all hydrographic and topographic
surveys executed by the Bureau, which supervision includes deter-
mination of where surveys or resurveys are required, how they shall
be conducted, the preparation of instructions for surveying parties,
the organization of the parties, the examination of the records, and
inspection of field work. The division is also charged with the con-
struction, maintenance, and repairs of the vessels and other field
equipment (except instruments), the records of the seamen employed
‘on this work, and the compilation of the coast pilot in the field and
office.

The division also has su;;ervision over the five field stations located
.at Boston, New York, New Orleans, Seattle. and San Francisco,
respectively, and over the office at Manila, P. 1. The ficld 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. The office work incident to the above duties
was kept current during the year.

DIVISION OF CHARTS.

The energies of the division during the year have been devoted,
first, to keeping our charts in print and keeping them corrected from
all new informdtion received 1n the Bureau; and, second, to striving
for improvements in facilities, processes, and morale, so as to increase
our production without any corresponding increase in expenditure.

Under the first heading the division haslived up to the admirable
record of previous years. Back orders have been kept down, in gen-
eral, to a few charts at a time, and these have been on the back-order
list for short periods only. Information that has come to the office
necessitating the correction or addition to charts has been applied
promptly. There has been’ considerable increase in such information
received during the year, due, no doubt, to renewed activities by
the various governmental surveying organizations.

Issue or CHARTS.—As was expected, the prevailing stagnation of
the merchant marine has been reflected in a reduction of the number
of charts issued during the year, though the reduction was less than
had been anticipated. Slightly less charts were issued than in 1919
or 1920, but aside from these two years the issue for 1921 was the
largest in the Bureau’s existence. The following shows the issues

for the years from 1916 to 1921: 1916, 176,395; 1917, 248,144 ; 1918,
'936,577; 1919, 302,155 ; 1920, 316,699 ; 1921, 990,188, ,

‘The diagram opposite graphically presents the issue from 1896 to
1921, inclusive. The largest item in the reduction of issue of charts.
was in the issue to the §hipping Board, which fell off from 21,707
In 1909 and 25,843 in 1920 to 6,400 in 1921.
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Issur or Coast Pivrors, Insipe Roure Prrors, anp Tior TasLes.—
The same influence that diminished the distribution of charts, the
prevailing stagnation of the merchant marine, has also shown its
effect in the distribution of coast pilots, and from a distribution of
15,261 in 1920 the issue fell off to a distribution of 8,728 in 1921.
The diagram opposite presents graphically the distribution of coast

ilots from 1901 to 1921, inclusive. The issue of Inside Route Pilots,
nstead of decreasing has increased, the issue for 1921 being 2,655
or 571 greater than for any other year. There was a slight decrease
in the distribution of tide tables, though not material, the issue for
1920 being 24,887 and the issue for 1921 being 24,212,

Consrrucrion or New CHarrs.—Although the construction of a
new chart (involving the assembly of data, drafting, engraving, and
printing), 1s not an entirely satisfactory unit of measurement of
progress because the details for each new chart are not uniform, the
progress in the construction of new charts during the fiscal year is
very gratifying. This is due in a large measure to a program that’
was adopted on September 18, 1920, with the object of both expe-
diting and increasing our production of new charts. Preceding the
adoption of this program a tabulation of the cost in time and money
of producing 11 new charts published during the year had heen
made. The most striking fact brought out by this tabulation was
the length of time required to produce a new chart. The longest
time required was 54 months, the shortest 15 months; the average
for all charts was 27 months; for engraved charts, 35 months; and
photolithographed charts, 22 months. This lapse of time was out
of all proportion to the actual cost of producing the chart. Each
chart required an average of seven to eight months of actual work-
Ing time to produce.

This excessive lapse of time was due to the fact that preference
must be given to correction of existing charts and because of these
interruptions the actual time required to produce charts was in-
creased by approximately 15 to 20 per cent. To improve this situa-
tion a definite program was drawn for the work during the fiscal
year. The program called for the production of 19 new charts. The
program was drawn with the end in view that each man should be
kept continuously on one job until he had finished it. The success of
the plan laid down in the program exceeded expectations. The pro-
gram was necessarily modified for reasons beyond the control of
those in administrative charge of the division, yet in spite of these

“modifications it was completed during the year. Although the pro-

gram was necessarily somewhat in the nature of an experiment, it
has demonstrated the value of the idea of giving the division as a
whole a definite objective for the year’s work, and in so far as possi-
ble of giving each employee in the division a definite part of that
work to perform. v

The following table compares the production during 1921 with
other recent years during which the great increase in the demand for
charts has so materially increased the work of the division. In this
table Philippine Island charts are listed separately, as these charts
are drawn in Manila and the work of the Washington office is con-
fined to their printing.
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Produced at— 1916 [,1017 | 1918 | 1919 | 1920 | 1921

. Washington.eeeiseicenserarrscecesosonernnnenaosoncracsnscssnmens 10 11 12 7 12 18
Manila 2 1 3 2 3 4
7 PR, e raaaas 12 12] 15 9| 15| 22

Below is a sumn{ary of the chart work completed during the year:

Compilations of new charts.._____. ‘ 13
Compilations of reconstruction of 10 old charts in terms of compila-
tions of new charts — 7.8
Smooth drawings of new charts : 9
- Smooth drawings of reconstruction of 7 old charts in terms of smooth
drawings of new charts y T
Drawings for extensive corrections to charts 113
Drawings for minor corrections to charts 711
Changes in alds to navigation and dangers indicated for hand correc-
tions 2,985
New charts or proofs from new copper plates on which complete: aids
were plotted T2

Proofs of charts verified or on which corrected areas were indicated.._. 1,432
New drawings from Manila prepared for publication_.________________
The following is a summary of the chart work in hand at the
close of the year:
Compilations of new charts .. ____ -
Compilations of new charts, work suspended :awaiting surveys_____...
Compilations of reconstruction of 1 old chart in terms of new charts_...
Smooth drawings of new charts
Smooth drawings of the reconstruction of 3 old charts in terms of
smooth drawings of new charts ———
Drawings for extensive corrections to old charts .
The new chart production for 1921 is a 50 per cent increase over
‘any one year and a 73 per cent increase over the average for the
period on which a comparison may fairly be based. It is to be
noted particularly that this result was accomplished while handling,
without slighting, a greatly increased amount of correction work.
PrororrraoerarpHIc REPRODUCTION OF ENGRAVED CHARTS.—AN im-
provement of first importance in our methods of reproducing charts
from engraved copper plates has been worked out during the year.
Our previous method of lithographic reproduction from copper was
to pull an impression from the copper plate upon a specially pre-
pared paper which was then laid down on the aluminum printing
plate and run through the press, thus transferring the work from
paper to plate. This method was defective in two respects, first,
the printed chart-was distorted, the distortion in some cases amount-
ing to as much as 3 per cent; this was due to the fact that the transfer
aper used was so light that in stripping it from the copper plate
1t was pulled out of shape. Second, the method involved a consider-
able duplication of correction work in the engraving and printing
sections. Each time a chart was reprinted corrections were made
to the printing plate by the lithographic draftsman. With a lapse
of time, however, it becomes necessary to produce a new printing
plate either because the existing plate has become imperfect with use,
or because extensive new information has been received which can
not readily be applied directly to that plate. When either of these
contingencies occurs the copper plate must be corrected for all in-
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formation received since it was last used in order that a new correct
impression may be pulled from it for use in the transfer. Further-
more, the correction of the copper plates is a tedious and laborious
process and any method which materially reduces.the amount of such -
correction will result in a considerable saving.

By the new method the paper used in making the transfer is an
unsensitized, highly glazed bromide paper. This paper is first
coated on the back with a solution in water of flour, starch, glycerine,
and gelatine, which is allowed to dry. In wetting the paper, as is
necessary for it to pull the ink from the copper plate, this adhesive
solution becomes tacky. In pulling the impression the paper is first
laid on the copper plate and over it is placed a sheet of heavy blotting
paper. When run through the press these two papers stick firmly
together and the combined strength of the two is such that there is
no distortion in pulling the paper from the plate, while the dry
blotting paper prevents any subsequent change in the wet bromide
pa’Fer as the latter dries.

he result is a sharp intensely black impression of ‘the work on
the copper strongly contrasted against the glazed surface of the
paper furnishing an ideal subject for photolithography. From this
point the process is similar to the regular photolithographic method,
the one point to be noted being that mUCll less work is required in
recutting these negatives than is necessary for negatives of vellum
tracings. By this method, therefore, the distortion which hitherto
existed in charts produced either directly or indirectly from copper
is entirely eliminated. Our charts are now, at least from the point
of view of the navigator, true to scale.

The duplication in correction work will also be greatly reduced.
Corrections which formerly made it necessary to bring up the cop-
per plate can now be made on the negatives. Some corrections will
still have to be made on copper, but these will occur at much more
infrequent intervals where the correction is so extensive that in. a
photolithographic chart they would require a new drawing. Here
no duplication should be involved, as such a correction would not be
made 1n the printing office.

This method is probably the best of those in use in this office for
the production of new charts for the following reasons: First, the
work of the past year has demonstrated that on the average chart
where the hydrography predominates and where the topography is
much simplified and generalized a new chart can be engraved about
as cheaply and as rapidly as a vellum tracing can be made. Sec-
ond, the copper is permanent and a plate would be in good condition
long after the vellum tracing is worn out. Third, corrections must
still be made occasionally on either copper or vellum. On the vellum,
as a rule, not more than one correction can be made in any given
area, whereas by means of the electrotyping process the number of
corrections in any area on the copper is unlimited. Fourth, we
_ sometimes receive corrections so extensive that it is cheaper to make
a new tracing than to attempt to correct the existing ome. This,
of course, means redrawing much information which is still corect
on the old tracing. By means of the electrotyping process these
corrections can be made on copper probably in somewhat greater
time but at less cost than that of the new tracing. Fifth, the copper
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plate is a valuable insurance against loss by fire or accidental dam-
age to tracing or negative. We have to-day in our files tracings
which would have to be made over if one of the negatives from them
should be accidentally broken.

This method has been on trial for almost a year, and it is con-
sidered that its practicability and value have been demonstrated.
Nineteen charts are now on plates produced by this process, and their
number will be increased as rapidly as the facilities of the Bureau
will permit. It should be noted that this method involves an increase
in the work of the lithographic draftsman and in consequence that
its extensive adoption will necessitate an increase in that force.. It
is believed, however, that such an increase can be made at the expense
of the drafting and engraving sections without involving any net

_increase of the personnel of the division.

New Camera.—A camera for the production of photolithographic
negatives is now in operation. This camera was designed and plans
drawn in this Bureau along lines suggested by the Bureau of Stand-
ards and with the cooperation of that bureau. Its design includes
som]e novel features not usually incorporated in cameras for this
work. : '

The two essentials to good photolithographic negatives are sharp-
ness of definition and accuracy of scale. The former is secured by
properly timed exposures through a good lens. To secure the latter
the drawing in the copy holder must be accurately parallel to the
sensitized plate. In order to secure this condition in the new camera
the depth of the box to which the plate holder is attached has been
considerably ‘increased and the box is screwed firmly to the base
upon which the camera rests; focusing being accomplished by mov-
ing the front box carrying the lens. The copy holder is capable of
minute adjustment by means of bolts at the ends of the beam against
which it rests.

The use of this camera has materially facilitated our photolitho-
graphic production of charts. Our negatives are now exact to scale
and match perfectly, whereas with the previous camera we had con-
siderable difficulty, not only having frequently to make over nega-
tives a second or third time, but also being compelled to make arbi-

"trary junctions where the negatives did not join properly. Before,
where one negative of a set of four or six was bad, the whole set had
to be made over; now we can make over that one negative with as-
surance that it will fit the others. '

Enceraving Seorion.—The work accomplished by the section dur-
ing the year and that in hand at its close is as follows:

New plates for new charts finished— ... 3
New plates for new charts in hand- ..

New bassos for new editions finished. . . 15
New bassos for new editions in hand...._ . ________________ 8
New bassos for reissues finished .. 18
New bassos for reissues in hand.. oo 4
New editions using printing plates for new editions finished ...~ 9
New editions using printing plates for new editions in hand._ ... 2
‘Hixtensve corrections applied to. plates. .o 195
Extensive corrections applied to plates in hand.______ e e 5

inor corrections applied to plates___ ... ____ e e e 186
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Prorosrapric SEcrioN.—The following is a comparison of the
work accomplished during the fiscal year July 1, 1920, to June 30,
1921, with similar items for the four years preceding:

1917 1918 1019 1920 1921

Glass negatives Made.....covieeiimmeiiesenmiicnoensnsnaacann 1,100 | 1,208 1,592 1,481 1,741
Velox prints made.......... . teveessreenasan 3,413 1 1,761 | 2,430 1 1,3451 2,685
Bromide prints made....... aes cneesessancoanen 391 480 359 322 353
Blue prints made..... ..l 1,9211 1,513 ¢ 1,824 993 1,195
Photostat prints made 19,017 | 11,550 | 22,476 | 16,416 | 14,115
Lantern slides made.. 08 09 8! 45

Matrices made........ 52 18 108 120
Redeveloped prints .. 197 207 (cvveenen 79 64
Printsmounted. .....cooviiiiitnnneicana cessenananeen 63 18 39 214 152
Charts, maps, ete, mounted........o...... U FSPRRRN DU PRI . 1562
Negatives develeped, films.... .- 41 22 235 10 47
Negatives developed, rolls..._............ L N I 16
Photolithographic negatives for chartS.....c...coveveeriananan 29 110 354 590 830

DIVISION OF TERRESTRIAL MAGNETISM.

The results of observations made at the Sitka and Tucson obser-
vatories during 1917 and 1918 were submitted for publication and
proof of the publications was read. The reduction of the results of
observations at the Porto Rico Observatory for the same period was
completed and prepared for publication. The correction of the hori-
zontal intensity results at Cheltenham, required by the fact that the
magnet of the variometer was not in the prime vertical, was made
and the reduction of the results was completed. :

The reduction of the results of all of the observatories for 1919
was nearly completed and good progress was made with those for
1920. . '
The results of field observations made during 1920 were revised
and published as Special Publication No. 72. Revision was made of
the comparison observations at the observatories for standardization
of instruments. ‘

The earthquakes recorded during the year have been tabulated
and published month by month in the Monthly Weather Review. .

A new edition of Directions for Magnetic Measurements, involving
considerable changes and additions, was prepared and sent to the
printer just before the close of the fiscal year. To meet the con-
tinued demand for Special Publication No. 33, Distribution of the
Magnetic Declination in the United States for 1915, a reprint of
that publication was ordered. ’

An examination was made of the results of absolute observations

of horizontal intensity at the different observatories to determine
whether there was a systematic change of distribution coefficient
with time and also to determine whether the temperature coefficient
required any modification.
. Comparison was made of the activity of the earth’s magnetism
in 1915 at the Cheltenham and Seddin magnetic observatories and
the results were presented in a paper at the annual meeting of the
section of terrestrial magnetism and electricity of the American
Geophysical Union. >
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Instructions in the use of field instruments were given to J. T.
Watkins, hydrographic -and geodetic engineer, W. N. McFarland,
computer, and Commander Rose, of the Coast G"ruard, in preparation
for their expected assignment to field work in terrestrial magnetism,
and the instruments intended for their use were tested.

Data for various special investigations were supplied to the depart-
ment of terrestrial magnetism of the Carnegie Institution of Wash-
ington. A table of values of the magnetic declination at principal
places in the United States was prepared for the 1922 edition of the
World Almanac.

The volume of correspondence was about the same as in past years,
although a considerable number of requests for magnetic data were
received as’a result of the issue of the digests of geocfetic publications
for individual States.

Compass data were supplied for 100 charts.

DIVISION OF TIDES AND CURRENTS.

The growing importance of the tidal and current work of the Sur- .
vey rendered advisable the creation of the division of tides and cur-
rents out of the section of that name. This change was made on
December 15, 1920. The work of this division is comprised under
the following heads: Tidal observations and computations; advance
prediction of tides and currents, and preparation of the annual tidal
and current tables; current observations and computations; tidal and
current surveys of our principal harbors; physical oceanography,
and the preparation of technical publications dealing with tides, cur-
rents, and related phenomena.

Tidal observations and reductions were made at seven principal
stations on the Atlantic coast, three on the Gulf coast, three on the
Pacific coast, and three in Alaska.

Observations and reductions of currents were made at 10 light
vessels on the Atlantic coast and 5 on the Pacific. Computations on
the relation between wind and current were made for the light-vessel
observations on the Pacific coast, in order to correlate wind and cur-
rent for the preparation of current diagrams for the aid of the
navigator in estimating the current due, both to tide and wind effects,
to which his vessel is subject. The results of this work are of prime
importance to shipping on that coast, and will appear as a separate
current table for the year 1923, the tables for 1922 having already
been issued.

The predictions of tides and currents for the 1922 tide tables were
made and the manuscript submitted for printing in three separate
parts: Tide Tables, Atlantic Coast; Tide Tables, Pacific Coast; and
Tide Tables, United States and Foreign Ports. These publications
are now available for distribution.

In connection with the publication of the tide tables for 1922, alter-
ations were made in the presentation of the predictions, with a view
to making them more easily used, and more uniform in appearance—
the high and low waters, and the time and height being given in
Separate columns.
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The following table, showing the number of copies of the tide
tables issued for each year, is indicative of the usefulness of these
publications: ‘ '

Atlantic Pacifie
coast tide | coast tide Total.
tables. tables.
2,201 10,989 15,056
2,682 10, 565 '
3,098 13, 560 19,405
3,997 13,959 21, 287
4,465 14,952 23,362
. 5,252 15,738 24, 464
1,784 14,845 22,687

The above table, however, does not show to the full the value of
the Survey’s tidal and current predictions to the public; for many
thousands of private tide tables copied directly from Survey tables
are annually issued all over the country. These appear as separate
tide tables for different localities, and in almanacs and calendars.
Some are sold and some given away in the form of advertisements,
all reaching the public in useful form. In addition, the public re-
ceives the benefit of these predictions, through the medium of the
daily newspapers, a great many of which publish them in their

columns. :
DIVISION OF ACCOUNTS.

The total disbursements from July 1, 1920, to June 30, 1921, were

$1,962,998.46, which sum does not, however, represent the expenses

" for the fiscal year. The itemization of the expenditures under each
appropriation is reported to Congress in a special report later when
all accounts for the fiscal year have been received.

These expenditures were made throughout the United States,
Alaska, Hawaii, Porto Rico, the Philippines, and the Virgin Islands.
From 30 to 50 chiefs of party were engaged on field work at various
times, being financed through advances made to them by the disburs-
ing agent.

CHIEF CLERK.

The principal duties of this division are the care, custody, and up-
keep of the buildings occupied by the Bureau; the supervision of the
expenditures from the appropriation for office expenses, including 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 the field surveys, as well as the library of printed publica-
tions kept for the use of the Bureau; the general supervision of all
matters relating to the personnel work of the Bureau, including rec-
ords of leaves of absence taken; the custody and accounting for the
receipts for the sale of charts and publications, etc.; and the direc-
tion of the watch, engineer, electrician, labor, and messenger force of

.the Bureau and other employees connected with the care and pro-
tection of the buildings. :

"The more important accomplishments during the year have, been:
Planning the thorough renovation of the buildings occupied by the
Bureau. This work has been partly accomplished. Forty rooms
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and six halls (a total area of 54,795 square feet) have been thor-
oughly cleaned and painted. By the aid of an electric-driven floor-
surfacing machine the floors of some very unsightly halls have been
cleaned of the upper surface of dirt and grease, and old paint and
the exposed clean surface of the wood has been dressed with linseed
oil and shellac, so that the halls now present a very pleasing and sani-
tary appearance; the poorly arranged electric wiring in many rooms
has been removed and replaced by indirect lighting that yields the
same luninosity in every part of the rooms without casting shadows
and with practically the same cost in consumption of electric current
as when the inefficient glaring lights were used. Some alterations have
been made in the buildings that have decidedly improved working
‘conditions and expedited the conduct of business. Most important of
these is the removal of one of two stairways where both served the
same purpose in the Butler Building and using the resulting space
for library stacks, thus relieving the serious congestion in the library,
and by cutting two doorways making all parts of the library acces-
sible without Jong detours. A contract was placed to install modern
shelving in one of the rooms of the library in which are stored on
wooden shelves the original field records of the Bureau, which cost
probably more than $1,000,000 to produce, and which could not be
replaced short of resurveys. With this modern shelving the fire
hazard will be practically eliminated. Another improvement was
the building of a short and inexpensive bridge joining the printing
office of the chart-paper storage room and the rear Richards Build-
ing, thus permitting the chart paper to be loaded on trucks in the
storage rooms and wheeled directly to the printing presses, whereas
before it was necessarily carried by hand over a long detour up and
down flights of stairs. Alterations that permit the more expeditious
. conduct of business were also made in the rooms occupied as the
Director’s office and in other parts of the buildings.
Legislation has been enacted authorizing the Survey to obtain
- heat and light from the Capitol Power Plant. The necessary instal-
lations to permit this are practically completed. It is quite certain
that there will be a very considerable ultimate saving to the Govern-
ment, as it is understood that the steam generated by the . Capitol
Power Plant is practically a by-product. Heretofore, the eight
buildings occupied by the Survey have been heated by four low-
pressure boilers, involving the purchase of coal, employment of fire-
men, and the removal of ashes, as well as the upkeep of the heating
lants. C
P It is worthy of mention that the cost of the care, maintenance,
upkeep, and operation of the buildings occupied by the Bureau has
been reduced from 44 cents per square foot for the fiscal year 1920
to slightly more than 29 cents per square foot for the fiscal year 1921.
An activity during the year somewhat apart from the general .
routine of the duties of the office of the chief clerk has been to place
the data resulting from the surveys by the Bureau more readily at
the disposal of the public. The triangulation stations, magnetic
~stations, and bench marks resulting from surveys made by this Bu-
Teau in the interior of the country are very numerous, and in pub-
lished form many large volumes are required to contain the data
regarding them. For example, there are five quarto volumes con-
taining the results for the State of Illinois, weighing 14 pounds,
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containing a total of 2,370 pages and costing $3.06 to print. For-
merly when a request was made for data resulting from our surveys
in the State of Illinois the custom was to send some or all of these
volumes to supply the information. To provide a definite guide or
index to our results a small and inexpensive digest has been pre-
pared. This digest costs about 3} cents to print. It contains a base
map of the State showing graphically where our surveys have been
made and a tabular arrangement of the counties of the State, the
places in the county where surveys have been made, and the publica-
tions of the Bureau containing the results. Now when an inquiry
is received one of these digests is sent the correspondent, and he is
enabled to find exactly what he wants without any guesswork result-
ing in a request for more or less costly publications. The public has
appreciated these efforts. Two letters from civil engineers are quoted
below :

I think your plan of notifying the interested parties of the information which
is available is very good, and I shall be glad to avail myself of it when the
occasion arises.

It has seemed o me in the pust that some such practice which you seem to
have adopted was very necessary, in view of the fact that such a large amount
of information is assembled and printed, the average man being entirely una-
ware of its existence.

As your letter implies, and from my own personal experience, I am led to
believe that a large majority of the civil engineers of this State do not avail
themselves of the great fund of engineering data contained in your publications,
maps, plats, ete. I also believe that this serious oversight on the part of engi-
neers does not result from lack of appreciation of the value of this service by
the U. 8. Coast and Geodetic Survey but, on account of the lack of publicity,
the engineers do not know of the excellent service your Bureau is capable of
rendering our profession.

By the close of the fiscal year such pamphlets had been printed
and distributed for the following States: Colorado, Towa, Illinois,
Kansas, Minnesota, Missouri, Montana, and Nebraska.

In the library and archives 32 hydrographic and 30 topographic
sheets, each representing new surveys made by the Bureau, were
received.

Other additions to the library and archives were:

PBlue prints (mostly showing results of surveys by Army engineers) _.._. 217
MODS e et et 482
[0 3 E o 1 U U 2, 894
Field, office, and observatory recordS. ... e 3,014

During the fiscal year the expenditure from the appropriation for
general expenses of the Bureau was $160,815.19. '

The total number of permanent and temporary officers and em-
ployees in the office and field force, which includes the commissioned
officers and all employees appointed through civil service certifica-
tion, is office force, 237 field force, 156; total, 393.

These figures do not include persons engaged as rodmen, chain-
men, heliotropers, ete., in the field parties, nor any enlisted men on
vessels of the Bureau.

The statistics in regard to leaves of absence during the calendar
year are as follows: Annual leave, 8,055 days; sick leave, 2,540 days;
without-pay leave, 8,212 days; and accrued leave, 1,910 days.

While the number of employees naturally varied on account of
resignations and vacancies calculated on the number actually in the
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service on June 80, 1921, as a basis of ¢omputation, the average
annual leave taken during the year by each employee was approxi-

mately 25 days, and sick leave 6.4 days.
The receipts from the sale of charts, publications, etc., amounted

to $38,074.92.
INSTRUMENT SECTION.

The instrument section is under the supervision of the Assistant
Director. This section is charged with the designing of new survey-
ing instruments and improvements of the surveying instruments in
use ; the accounting for all property in the possession of the Bureau;
the auditing of inventories rendered by those having possession of
property of the Bureau, the packing of instruments and property
to be shipped to the field; and the receipt of such property when
returned from the field; and the preparation of correspondence in
connection with the above activities.

Repairs were made to 1,120 instruments, apparatus, and tools dur-
ing the fiscal year; 724 instruments, apparatus, tools, etc., were made
in the section during the year.

PUBLICATIONS ISSUED DURING THE YEAR.

Serial No. 132. General Tide Tables for 1921. 499 pp. 1 text fig. 6 pasters.
Gives tidal data for principal ports of United States and many foreign ports
for year 1921, and tables by means of which tides may be calculated for other
localities. Also contains current tables and diagrams for many localities and

" tables of sunrise and sunset and moonrise and moonset.

Serial No. 1338. Results of Observations Made at United States Coast and
Geodetic Survey Magnetic Observatory near Honolulu, Hawaii, 1917 and 1918.
By Daniel L. Hazard. 104 pp, 10 diag, This is one of regular series of
publications containing results of observations made at magnetic observa-
tories maintained by the Coast and Geodetic Survey.

Serial No. 185. United States Coast and Geodetic Survey: Description of its
Work, Methods, and Organization. Special Publication 23. Revised edition.
102 pp. 32 text fig. 3 litho. '

Serial No. 1868. Catalogue of Charts, Coast Pilots, and Tide Tables (Philippine
Islands Excepted). July 1, 1920. 47 pp. 15 text fig. Contains corrected list
of charts, coast pilots, and tide tables published by United States Coast and
Geodetic Survey excepting those of the Philippine Islands. Arrangement of
catalogue has been somewhat changed and simplified, and number of index
maps has been reduced. These maps are an improvement in clearness and
legibility on those formerly in use.

Serial No. 137. Digest of Geodetic Publications Issued by the United States
Coast and Geodetic Survey Resulting from Surveys in State of Illinois. 11
pp. 1 map.

Serial No. 188. Magnetic Ranges, San Francisco Bay, Calif, - Special publica-
tion 1. Revised edition. 24 pp. 18 pl. 1 litho. \

Serial No. 189. Inside Route Pilot, Coast of New Jersey. Second edition,
1920. 26 pp. 38 litho. in pocket. Covers inlets and interior waters on coast
of New Jersey between Sandy Hook and Cape May, and is part of Coast
Pilot, Section C, which covers coast from Sandy Hook to Cape Henry, includ-

_ing Delaware and Chesapeake Bays.

Serial No, 143. Latitude Developments Connected with Geodesy and Car-

tography with Tables, Including a Table for Lambert Equal-Area meridional
Projection. By Oscar S. Adams. Special publication 67. 132 pp. There
are five kinds of latitude that come under consideration in application of
mathematical analysis to questions of geodesy and cartography. The aim of
this publication is to express differences between geodetic or astronomic
-latitude in series of sines of multiple arcs. This difference in each case is
Oobtained in an expression in sines of multiple pres of geodetic or astronomic
latitude and also in series of sines of multipie ares of other latitude in
question. ’
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Serial No. 144, Results of Observations Made at United States Coast  and
Geodetic Survey Magnetic Qbservatory at Sitka, Alaska, 1917 and 1918. By
Daniel L. Hazard. 102 pp. 23 diags. One of regular series of publications
containing results of observations made at magnetic observatories maintained
by Coast and Geodetic Survey.

Serial No, 145. Digest of Geodetic Publications Issued by .United States Coast
and Geodetic Survey Resulting from Surveys in State of Colorado.r 8 pp.
1 litho.

Serial No. 146. Elements of Map Projection with Applications to Map and Chart
Construction. By Charles H. Deetz and Oscur S. Adams. Special Publica-
tion No. 68. 163 pp. 82 text figs. Gives a résummé of the ideas that lie at the .
foundation of map projection, treated from a simple and practical as well as
from the theoretical point of view and gives detailed information as is
necessary to clearly present the subject, in such form as to make it of interest
to the nontechnical reader as well as to the cartographer.

Serial No. 147. Digest of Geodetic Publications Issued by United States Coast
and Geodetic Survey Resulting from Surveys in State of Missouri. 12 pp.
1 litho. Contains references to publications of the Survey giving results
of triangulation, leveling, and magnetic work in the State of Missouri, and
published for benefit of engineers and others interested in this information.

Serial No. 148, Digest of Geodetic Publications Issued by United States Coast
and Geodetic’ Survey Resulting from Surveys in State of Kansas. 11 pp.
1 litho. Contains references to publications of the Survey giving results of
triangulation, leveling, and magnetic work in the State of Kansas, and
published for benefit of engineers and others interested in this information.

Serial No. 149. Tide Tables, Atlantic Coast of North America, Including Data
on Currents for the Year 1922, (Reprinted from the Tide Tables, United
States and Foreign Ports,) 1906 pp. 6 text figs. Octavo. Gives times and
heights of tides for principal ports of the Atlantic Coast of the United States
and Gulf of Mexico and tables by means of which tidal data may be obtained
for other locations, with other information useful to mariners.

Serial No. 150. Special Publication No. 69. Modern Methods for Measuring the
Intensity of Gravity. By Clarence H. Swick. 96 pp. 26 text figs. Octavo.
This publication contains a brief historical outline of the methods and in-
struments used in determining the intensity of gravity, and a more detailed
(lescrlptmn of the precise methods and greatly improved instruments now
used in such work by the United States Coast and Geodetic Survcy The
illustrations show the forms of pendulum apparatus used at various periods
up to the present and in some cases the details of construction.

Serial No. 152, United States Coast Pilot, Philippine Islands, Part II, Palawan,
Mindanao, and Sulu Archipelago, First Edition, 363 pp. 1 text fig. Octavo.
This volume covers the coasts of Palawan, Mindanao, Sulu Archipelago, and
adjacent Islands and waters, and includes a short description of Borneo with
" the channels and islands adjacent ‘to it based on surveys by officers of the
British Navy. The descriptions of the Philippine Islands and waters are
based mainly on the work of the United States Coast and Geodetic Survey.
The waters of the southern part of the Sulu Sea and Sulu ‘Archipelago and
the west coast of Palawan have not yet been surveyed, and the notes relating
to those waters have been compiled from various sources available.

Serial No. 154. Digest of Geodetic Publications Issued by United States Coast
and Geodetic Survey Resulting from Surveys in State of Nebraska. 10 pp.
1 litho. Contains references to publications of Survey giving results of tri-
angulation, leveling, and magnetic work in State of Nebrasku, and published
for benefit of engineers and others interested in this information,

Serial No. 155. Results of Observations Made at the United States Coast and
Geodetic Survey Magnetic Observatory near Tucson, Ariz., /1917 and 1918,
101 pp. 23 figs. Quarto. This is one of the regular series of publications
giving results of magnetic observations made at the obscrvatories maintained
for that purpose by the Coast and Geodetic Survey.

Serial No. 156. Catalogue of Charts, Coast Pilots, and Tide Tables (Philippine
Islands Excepted) Published by the United States Coast and Geodetic Survey.
May 1, 1921. 47 pp. 15 text figs, Quarto. This is a revised edition and lists
new charts, new editions of charts, coast pilots, und tide tables published
since the last issue of the catalogue.

Serial No. 158, Triangulation in Kansas, Special Publication No. 70 (Super-
sedes Appendix No. 3, Report for 1902). 64 pp. 6 text figs, Octavo. The
primary purpose of this publication is to bring together in convenient form
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for the use of engineers information in regard to all the triangulation of the
Coast and Geodetic Survey in the State of Kansas, including a full report of
one additional section of the ninety-eighth meridian triangulation:

Serial No. 159. Relation Between Plane Rectangular Coordinates and Geo-
graphic Positions. By Walter F. Reynolds. Special Publication No. 71. 90
pp. 2 text figs. Octavo. The control surveys over large areas the size of a
State or the whole United States are necessarily made and computed by the
use of geographical coordinates (latitudes and longitudes) because of the
curvature of the earth. For this reason the results of triangulation in publi-
cations of the United States Coast and Geodetic Survey, the United States
Geological Survey, and the United States Corps of Engineers are always
given in geographic coordinates, for the triangulation in any of these publi-
cations either covers a large area or is joined to the triangulation scheme
of the whole United States. When all the points of a survey are located
within a relatively small area the use of plane coordinates instead of
geographic coordinates is much more convenient. The object of this publica-
tion is to enable the engineer to convert geographic into plane coordinates
readily and quickly or to convert plane coordinates back into geographic
coordinates if desired.

Serial No. 160. Catalogue of Charts, Coast Pilots, and Tide Tables of the
Philippine Islands. Published by the United States Coast and Geodetic
Survey. May 1, 1921. 16 pp. 6 text figs. Quarto. . This is a revised list of
the charts, coast pilots, and tide tables of the Philippine Islands. o

Serial No. 161. Results of Magnetic Observations Made by the United States
Coast and Geodetic Survey in 1920. By Daniel L. Hazard. Special Publica-
tion No. 72. 12 pp. Octavo. This is one of the regular series of publications
by the Survey of the results of magnetic observations made in the United
States. The results given in this publication are for the calendar year 1920,

Serial No. 162. Precise Dead Reckoning in Offshore Soundings., By Hariy A.’
Seran. Special Publication No. 73. 15 pp. 5 text figs. Octavo. A more
precise method of dead reckoning for determining offshore positions in
soundings was begun by the Coast and Geodetic Survey off the coast of
Georgia, and this publication gives the results of experience in this work by
several chiefs of parties and the methods at present in use by the Survey.

Annual Report of Director, 1920, 173 p. 7 pl. 56 lithos.

Notices to Mariners, Issued weekly, jointly ‘with the United States Bureau
of Lighthouses.

Philippine Islands Notices to Mariners.

Coast and Geodetic Survey Bulletin. Issued monthly.

NEW CHARTS. -

222, North shore of Long Island Sound, Greenwich Point to New Rochelle,
Conn. and N. Y. September, 1920. Scale, 1:20,000; dimensions, 33 by 43
inches.. Completes new series of 1:20,000 scale charts of north shore of
Long Island Sound and replaces charts 269, 270, and 271.

8120. Harbors in southeastern Alaska. September, 1920. Dimensions, 28 by
43 inches. Contains following plans: Ryus Bay, scale 1:10,000; and Tokeen
Bay entrance, Nakat Harbor, Burnett Inlet, Port Santa Cruz, Marble Passage
(southeastern part and approaches), Hunter Bay and approaches, and Rose
Inlet, all on scale of 1: 20,000, Intended to meet demand for charts on larger
scale of above waters than have heretofore been published.

4110. Oahu, Hawaii. September, 1920. Scale 1:80,000; dimensions, 32 by 44
inches. Published to meet demands and needs of coastwise navigation around
important island of Oahu. The 100-fathom curve surrounding island is
included within its limits, Details in Kaneche Bay are purposely omitted.

4885, Harbors on north coast of Busuanga, P. I. September, 1920. Dimen-
sions, 18 by 29 inches. Plans of Minuit Anchorage, Port Caltom, Minangas
Bay, and Ilultuk Bay, all on scale of 1:20,000 from surveys made in 1917.
These are plans of best-sheltered anchorages on north coast of Busuanga,

470, Charleston Harbor, S. 0. November, 1920.  Scale, 1:20,000; dimensions,

" 84 by 42 inches. Plan: Hntrance to Charleston Harbor, Scale, 1:40,000. -
This chart covers entire harbor from shore end of jetties to Goose Creek
‘on Cooper River and to West Marsh Island on Ashley River, Also contains
‘plan on scale of 1:40,000 of entrance channel out to Charleston gas and
bell buoy No. 1. Replaces chart 445, and publication of chart 431 will be
suspended and later canceled unless demand warrants republication.

68584—21——3



34 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY.

1208. Penobscot Bay and approaches, Me, November, 1920. Secale, 1:80,000;
dimensions, 32 by 42 inches. This is one of new series of charts on Mer-
cator projection on Atlantic coast and will replace charts 104 and 105.
Smﬁndings are expressed in feet instead of feet and fathoms as on charts
replaced.

4321. Bold Point to Malanao Island, Palawan, P. I. November, 1920. Scale,
1:10,000; dimensions, 31 by 44 inches. This chart gives results of surveys
by United States Coast and Geodetic Survey over entire area of chart.
This region has been steadily gaining in commercial importance, and chart
furnishes information to mariners  formerly available in blue-print form
only.

5902, Yaquina Head to Columbia River, Oreg. and Wash. November, 1920,
Scale, 1:20,000; dimensions, 31 by 42 inches. One of new series of charts
constructed on Mercator projection to replace old 1:20,000-scale series on
polyconic projection. Chart 5902 should be used instead of chart 6100 in
area common to both charts, as 5902 containg later information, particularly
in vicinity of river and harbor entrances. Soundings are in fathoms at mean
lower low water.

4272, Tanao Pass, east coast of Luzon, P. I. January, 1921. Scale, 1:40,000;
dimensions, 25 by 86 inches, Shows complete harbor information for follow-
ing harbors of mining district on east coast of Luzon: Malaguit, Paracale,
Gumaus, Mambulao, and Dahikan, and also includes Tanao Pass in more
complete detail than given on previonsly publighed charts.

1207. Massachusetts Bay, Mass, March, 1921. Scale, 1:80,000; dimensions,
32 by 44 inches. One of new series of charts on Mercator projectxon and
replaces chart 109 of old series. Extends from Thacher Island on northto
Cape Cod on south and embraces whole of Massachusetts Bay. Depths are
expressed in feet at mean low water.

1201. Quoddy Roads to Petit Manan Island, Me. April, 1921. Secale, 1:80,000;
dimenslons, 30 by 41 inches. One of new series of coast charts, scale 1: 80,000
on Mercator projection, and replaces charts 101 and 102 of old series.
Soundings are expressed in feet instead of feet and fathoms as on old charts.

4326, North Balabac Strait and vicinity, P. I. March, 1921, Scale, 1: 10,000;
dimensions, 32 by 48 inches.. Shows intricate channels between :southern
end of Palawan and Balabac Islands from surveys in 1917 and includes
island of Balabac with principal steamer passage eastward and southward of
Cape Melville. .

1248, Jupiter Inlet to Fowey Rocks, Fla. May, 1921. Scale, 1:80,000; dimen-
sions, 83 by 49 inches. This is one of the new series of coast charts scale
1:80,000, Mercator projection. It extends from Jupiter Inlet to Fowey
Rocks in two panels. The soundings are expressed in feet, and it gives the
results of the recent resurvey from latitude 25° 55’ to the southern limit of
the chart, This chart replaces charts 164 and 165 of the old series.

1241, Tybee Island to Doboy Sound, Ga. May, 1921, Scale, 1:80,000; dimen-
sions, 383 by 40 inches. This is one of the new series of coast charts, scale
1: 80,000, Mercator projection, It is oriented with the meridian and replaces
chart 156 of the old series., The Savannah River bar and entrance are from
recent surveys not previously charted. The soundings are expressed in feet
instead of fathoms and feet as on chart 156.

481. Cape Henry to Thimble Shoal Light, Va. June, 1921. Scale, 1:20,000;
dimensions, 29 by 43 inches. This chart was designed primarily at the re-
quest of the United States Navy for a chart on a sufficiently large seale to
serve as an anchorage chart in the vieinity of Lynnhaven Roads. As it over-
laps chart 400, Hampton Roads, same scale, and includes Thimble Shoal
Channel, it will be of particular value- to all vessels bound to or from Nor-
folk, Portsmouth, and Newport News.

1210, Marthas Vineyard to Block Tsland, including Buzzards and Narragansett
Bays, Mass, and R. I. 1921. Secale, 1: 80,000; dimensions, 34 by 41 inches.
This is one of the new series of coast charts, scale 1: 80, ()00, Mercator projec-
tion, and replaces charts 112 and 113 of the old series. The soundings are
expressed in feet, instead of feet and fathoms as .on the charts replaced. .

545. Baltimore Harbor, Md. June, 1921, Scale, 1:15,000; dimensions, 30 by
40 inches. This chart was designed to meet an increaslng demand for a
larger scale chart of Baltimore Harbor and gives many details of interest to
mariners that were impossible to chart on the smaller scale charts.
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240. Salem and Lynn Harbors, Mass. June, 1921, Scale, 1:20,000; dimen-
sions, 35 by 48 inches. This chart is essentially an e‘;tension to the south-
ward of chart 244 so as to include Lynn Harbor and approaches and .connect
with chart 246, Boston Harbor. 'The soundings are expressed in feet at mean
low water. It replaces charts 244 and 337"

583. Miami Harbor and approaches, Fla. June, 1921, Scale 1:40,000; dimen-
sions, 26 by 38 inches. This chart is issued to meet the increasing demand
for a chart of Miami Harbor and approaches on a larger scale than that pre-
viously charted. It shows the res%ts of complete resurveys. It extends
from the northern end of Biscayne Bay to Fowey Rocks, embracing the in-
land waterway approaches to Miami 4s well as both the Cape Florida and
the Main Channels.

NEW EDITIONS OF CHARTS.

248. Ipswich Bay to Gloucester Harbor, Mass.
1222, Chesapeake Bay entrance, Va.
1269. Lakes Pontchartrain and Maurepas, La.
4255. Manila Bay and coast of Luzon to Capones Islands, P. I.
8151, Northern part of Tlevak Strait and Ulloa Channel, Alaskq
309. Hast Penobscot Bay, Me.
314. Kennebec and Sheepscot Rivers, Me.
869 *. Hudson and East Rivers, from West Sixty- -seventh Street to Blackwells
Island, N. Y. and N. J.
369°% Hudson River, Days Point to Fort Washington Point, N. Y. and N. J.
933. Harbor of St. Thomas, W. 1.
950. Colon Harbor, C. A., Panama.
4707. Philippine Islands, southwestern part.
5951. Cape Sebastian to Humbug Mountain, Oreg.
5971. Coquille River entrance, Oreg.
6800. Georgia Strait and Strait of Juan de Fuca, Wash.
8216. Woewc;{dski and Eliza Harbors—Fanshaw Bay and Cleveland Passage,
Alaska.
194. Mississippi River, from the Passes to Grand Prairie, La.
273. East River—Throgs Neck to Randalls Island, N. Y.
284, Hudson River—Coxsackie to Troy, N. Y.
431, Charleston Harbor, 8. C.
5984, Coos Bay, Oreg.
6460. Puget Sound, ‘Seattle to Olympia, Wash,
428. Winyah Bay, S. C.
8235. Gastineau Channel and part of Stephens Passage Alaska.
283. Hudson River—Poughkeepsie to Hudson, N, Y.
296. Delaware River—Philadelphia to Trenton, N. J. and Pa.
455, St, Johns River—Jacksonville to Hibernia, Fla.
950, Colon Harbor, C. Z., Panama.
1219. Cape May to Fenwick Island Light, N. J. and Del,
4218, Ragay Gulf to Tayabus Bay, Luzon Island, P. 1.
4348, Puerto Princesa, east coast of Palawan, P. I.
5107, San Diego Bay, Calif, -
5584, Suisun Bay, Calif
6122. Nehalem River, Oreg.
6154. Columbia River—St. Helens to Willamette River, including Vancouver
and Portland, Oreg. and Wash.
6377. Anacortes Harbor, Wash,
8525. Orca Bay and Inlet, Channel Islands to Cordova, Alaska.
298. Gardiners Bay, Long Island, N. Y.
881, Philadelphia water front, Schuylkill River, Pa.
447. St. Simons Sound, Brunswick Harbor, and Turtle River, Ga,
508. St. Johns River, Palatka to Lake George, Fla.
529, James River, Newport News to Jamestown, Va.
8200. Frederick Sound and Summer Strait, southeast Alaska.
5084. Coos Bay, Oreg.
6447, Lake Washington Ship Canal, Puget Sound to Lake Washington, Wash.
8160, Zarembo Island and approaches, Alaska.
8517. Prince William Sound, western part, Alaska,
78. Chesapeake Bay, southern voart.
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204,
375.
4106.
4342,
6003.
6195.
248,
340.
577.
4105.
4236.
6151.
6152,
520.
3604.

4415,
5832,
8084,

184.
. Boston Harbor, Mass.
1211.
1226.
6112,
8557.
4226,
4511,

400.
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Galveston Bay, Tex.

Raritan River, N. J.

Kaunakakai Harbor, Molokai, H. 1.

Halsey Harbor and Dicabaito Anchorage, Culion Island, P. I.

Umpqua River entrance, Oreg.

Grays Harbor, Wash.

Boston Inner Harbor, Mass.

Wellfleet Harbor, Mass.

Fernandina to Jacksonville, Fla. _

Kahului Harbor and approaches, Maui, Hawaii,

Manila and Cavite Harborsg, Luzon, P. I

Columbia River—entrance to Harrington Point, Oreg. and Wash.

Columbia River—Harrington Point to Grims Island, Oreg. and Wash.

Galveston entrance, Tex.

Hudson and East Rivers from West Sixty-seventh Street to Blackwells
Island, N. Y. and N. J.

Southwestern Panay, P. 1.

Humboldt Bay, Calif.

Seal Cove and head of Kasaan Bay, Alaska.

St. Josephs and St. Andrews Bays, Fla.

Block Island Sound and approaches, R. 1., Conn,, and N, Y.
Chesapeake Bay—Sandy Point to head of bay, Md.
Tillamook Bay, Oreg.

Knik Arm, Fire Island to Goose Creek, Cook Inlet, Alaska.
Lamon Bay and Polillo Island, Luzon, P. I,

Basilan Strait, P. 1.

Hampton Roads, with continuation to Norfolk, Va.



CHAPTER IIL

PROGRAM FOR CURRENT FISCAL YEAR IN THE WASHINGTON
o OFFICE.

DIVISION OF GEODESY.,

The program of office computations for this division for 1922 by
project is as follows:

(a) Triangulation and traverse: Memphis-Little Rock-ninety-
eighth meridian; Puget Sound ; North Carolina; Green Bay-Duluth,
: V‘gis preliminary examination of triangulation in southeastern

Alaska ; any special piece of work that may be requested.

(0) Levels: Rouses Point, eastward ; Flagstaff-Lees Ferry, Ariz.;
Portland-Wallula, Oreg. .

(¢) Astronomics: Azimuths, latitudes, and longitudes along the
arcs of triangulation and lines of traverse given under ().

(d) Gravity: No computations except possibly miscellaneous work
for publications.

. Publications: Rio Grande Triangulation; Traverse of Indiana;
Traverse of Illinois; Triangulations of North Carolina; Levels in
Texas; Levels in southeastern United States; Gravity; Astronomics;
Instructions for Precise Leveling; Instructions for Precise Tri-
angulation.
easured by the unit of what an average computer can accom-
plish in a day and tabulated by classes of computations, there re-
mained at the close of the fiscal year ended June 30, 1921, the fol-
lowing computations before the computers of the division of geodesy:
Computer days.
(@) Triangulation and traverse, to finish computations
To finigh publications___ .

L N5 Y ) USRSV,

(b) Leveling, computations up to date .
To finish publeations . i 2, 500
e S A 2,500

(¢c) Astronomics, to finish computations______.___ —_— - 121
To finish publications_ i 379
Y S 500

(d) Gravity, computations.up to date. - e :
To finish publications . 400

Total S S e 400
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This means that with our present force of 12 permanent computers
(there are 6 vacancies in the 18 ‘positions) it would take 13 years
to complete the work now on hand, with no allowance made for time
spent on furnishing information, research investigations, etc.

Measured by the same unit, namely, what an average computer
can accomplish in a day, the new work received from the field during
the fiscal year 1921, tabulated by classes, was as follows:

Computer days.

(@) Triangulation and traverse__ _— 1,741
(V) Leveling .. e e e e e e et et e 200
(¢} Astronomic work 305

Y S 2, 246

The computations made during the fiscal year ended June 30, 1921,
measured by the unit of what is accomplished by the average com-
puter in a day amounted to 1,982 days. This was but 88 per cent of
the new work received in the division during the year. :

DIVISION OF HYDROGRAPHY AND TOPOGRAPHY,

The program for this division for the current fiscal year is neces-
sarily limited to the office work incident to carrying on the office
functions of this division as stated heretofore.

DIVISION OF CHARTS.

The program for 1922 calls for the production of 23 new charts
and a base map of the Territory of Alaska, and the reconstruetion of
10 existing charts.

DIVISION OF TERRESTRIAL MAGNETISM,

The program for the fiscal year ending June 30, 1922, for this
division is as follows: Observatory results—Honolulu, 1919-20;
Cheltenham, 1919-20; Sitka, 1919-20; Tucson, 1919-20; and Vieques,
1919-20. iflarthquake tabulations. Tield results as received.
Isogonic chart of United States for 1920 and secular change tables.

Measured by the unit of what an average computer can accomplish
in one day, the work before the division of terrestrial magnetism on
July 1, 1912, was as follows:

Estimated days Rgtimated days
to complete. to complete,
Observatory results: Observatory results—Continued.
Cheltenham, 1919 .. ___ 30 ~ Tuceson, 1920 o 85
Vieques, 1919 ___.. 40 Sitka, 1920 85

Tucson, 1919 60 Honolulu, 1920 . ______ 65

Sitka, 1919 —_..__ 20 | Five observatories, first half 1921_ 215
Honolulu, 1919_______ 10 ~ ) e
Cheltenham, 1920 __..__ 70 Total - 765
Vieques, 1920 . _____. 85

The accomplishments during the fiscal year ended June 30, 1921,
measured by the same unit were 656 computer days. - The new work
received in the division during the fiscal year ended June 30, 1921,
amounted to 565 computer days.
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DIVISION OF TIDES AND CURRENTS.

The program for this division for the year ending June 30, 1922, is
as follows: ‘ : 4

The tide tables for 1923 will be completed, scanned for the removal
of errors, and sent to the printer.

The Current Tables for 1923, a new publication, will be completed
during the year and sent to the printer.

The sounding records received from the hydrographic parties will
be checked as received, so that no delay will be occasioned to the chart
division. ’

Of the tidal records received, those upon which the determination
of planes of reference depend will be computed immediately and
tlllle computation of the other records kept up to date as the force will
allow. ‘

The bench-mark records as received will be computed immedi-
ately for those demanding immediate attention and the others kept
up to date as the force will allow.

A publication on the bench marks of the State of New York will
be completed and sent to the printer early in the year. :

A publication on the relation between winds and currents on the
Pacific coast will be completed and sent to the printer, as will also
an abridged publication of the above, written especially for the
mariner.

A publication on the harmonic analysis and prediction of tides will
be completed and sent to the printer during the fiscal year.

In general, the work of the division will be so arranged as to take
up immediately the work upon which the publication of charts and
the prosecution of field work depend; after that the energies of the
division will be directed toward keeping its tabulations and com-
putations up to date and to issue in the form of publications the
large mass of material that has accumulated in this division and
which is of very great value to the navigator, the engineer, the scien-
tist, and the public generally.

DIVISION OF ACCOUNTS.

The program for this division for the current fiscal year will be
the performance of the duties incident to disbursing the funds appro-
priated for the operation of the Bureau and the auditing of the ac-
counts arising from these expenditures.

CHIEF CLERK.

The program for this division will be, in addition to routine duties
of the division, the completion of the renovation of the buildings
occupied by the Bureau, and the preparation and distribution of
digests of geodetic work of the Bureau for as many States of the
Union as time permits.

INSTRUMENT SECTION.

The program: for this section for the current fiscal year will be to
continue the repair and upkeep of technical instruments and other
equipment of the Bureau, the auditing of property returns, and the
correspondence incident to such work.



Part 1II.—IN THE FIELD.
CHAPTER 1.

ACCOMPLISHMENTS IN THE FIELD DURING THE PAST FISCAL YEAR.

GEODETIC WORK.

Length of | Area cov-
scheme. ered.
Tﬁanﬁxlntion, recise:
Oklahoma, MeAlester to ninety-eighth meridian (Little Rock-ninety-eighth Miles. 8q. miles,

meridian arc). . ... L 110 2,100
New Mexico and Arizona, one hundred and eighth meridian to Williams,

. Ariz., (E1 Reno-Needlos 8IC) .. - ..uuuuonrerurnnrireoscasaarenecnuassannnnnes 315 21,000
California and Oregon, California-Oregon are. ......... . 450 , 000
‘Washington, Tacoma 1o Seattle (Tacoma-Canadian arc) 25 7%
Oklahoma, ninety-eighth meridian to ninety-ninth meridian (E1 Reno-

NECALES BIC). e et iireaeersensrseraaracncaseensnnarsesansonnsannoensasnes 1,400
Alaska, Frederick Sound and Stephens Passage. 45 360
Alaska, Clarence Strait . ...ooveieiiiiiiiiiiiiiiiieiscaerrannscnoneenasens 20 105

07 M R 1,045 43,040
Triangulation, primary:
Cslifornia and Oregon, Callformia-Oregon ArC. . veueveniecrrreranirareonnnnen 100 15,000
Triangulation, secondary:
New York, Rockaway Beach speed trial course........coueeeviienucnienasnnns 10 70
District of Columbia, Anacostia radio compass st . 3 5
Virginia, mouth of Rappahannock River...... . 3 20

+Virginia, Hampton Roads speed trial course......oovvvieiieniioneeccs venae 51 15
Virginia and Maﬁyland Potomae River . .....coveivioivniraniecninraanass 15 60
North Carolina, Neuse River and Pamlico Sound.ce.ocveiiverineisiieninanen 15 100
North Carolina, Cape Fear RiVer.........coveieaieiieiiiioneenionieneuaenss 3 5
South Carolina, Broad and Beaufort RIVers.........ooovriiiniiaaainannn. 10 20
South Caroling, St, Helona Sound........coveieeavcveiieureencncassaneaanans 10 25
South Carolina, Caliboglie SoUnd.......uouuemaunureniirarainiiiiaeinanas 10 20
Georgin, Tybes ROMS. .« ... eeiresinsnrenaaecnenasrgoasssranansenens 3 5
Florida, Marguesas Keys and Florida Reefs near Key West......._. femreeens 50 160
Louisiana, Chandeleur Sound and mouth of Mississippi River............... 70 870
Louisiana, Mississippl delta.....ovioii i ittt e 25 300
California, San Pedro Bay and San Francisco Bay....c-eevemcrieccaaanan ree 10 70
California, Table Bluff, Point Loma, Imperial Beach, Point Fermin, Point

Hueneme, Point Arguellp, Point ﬂpyes, Bird Island, Point Montara, and

Farallon Island radio €ompPass SEALIONS.cveivr e iei it e 45 100
Oregon, Umpaua RIVer. .. .l i iiiie st ieieiieeieirraceaceraiianaeannes 5 10
QOregon, Coos Bay and Fort Stevens radio compass stations..e.eeniiivaenen. . 3 5
Washington, Grays Harbor, Smith Island, Cattle Point, New Dungeness,

Slip Point, and Tatoosh Island radio compassstations . 10 25
Alaska, Frederick Sound and Stephens Passage. ... 10 10
Alaska, Shelikof Straits and Cape Lkti northeastwa 20 220
Alaska, West Coast of Prince of Wales Island 35 350
Virgin Islands, St. Croix. . ............ 5 20

B4 007 380 2,615

Precise traverse: .
Indiana, Tipton to South Bend (North Vernon-South Bend line)............
Illinois, ROCKEOD-VANAALA HIB. e aevsmeeenemonseasnssenensnncsnrnnasnennnns
Wisconsin, Beloit-Racine Hne. ... ccouieiieiiioiieoanianrianaeceneinnn..
Mississippi, Pasca%z}mla to Ovett (Pascagoula-Boonevilleline)...............
‘Wisconsin, Green Bay to Mountain (Green Bay-Duluth ine)..c.coveuennaa.n.
e N [ 11 O

40
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Length of | Area cov-
scheme. ored.
Base lines, precise: Miles. 8q. miles.
Oregon, Paisley base... . 9 |
Oklahoma, Savanna base. 4,6
L DR R 13.5 [eeecanconncs
Base lines, secondary: . :
Carolina, Wilmington., . .c.cvvvieuniaeiiieenaiaiioiienieiiinienen. [ 2 PRI
North Carolins, Cape Fear River.....c.cuccveiveceririacneceieernananenuns IS (8 PO
Y P SUCUUR: ISR - T
Reconuoissance: .
Indiana, North Vernon-South Bend precise traverse line 95
Tllinois, Rockton-Vandalia precise traverse line... 250
- Wisconsin, Beloit-Racine precise traverse line...... * 50
Missmsippf, Pascagoula-Booneville precise traverse li 100
Wisconsin, Green Bay-Duluth precise traverse line... 65
B ee s 560
Precise leveling lines:
Klamath Falls to Ontario, Oreg-............. A 388
Portland, Oreg., to Auburn, Wash.. ceee ees 177
Tenaha to Gallatin, Tex............ ceee .es 78
Moira, N. Y., to Cornwall, Canada............. .. cen .20
Rockford, TIL,, to Prairie du Chien, Wis. . : 166
Rockton to Vandalia, Tll...... 303
Portland to Astoria, Oreg..:.... 107
Centralia to Grays Harbor, 77
Gap Ranch to Bend, Oreg....... 104
Louisville, Ky., to Clarksville, Tenn . . 197
Cerulean, Ky, to Nashville, Tenn.......ccoceiuernnnsanaannnns I 97
Hinsdale, Mont., to United States and Canada boundary........ e 45
Green River, Utah, to Lees Ferry, Atiz.....cocoivuiiiiiniiiiiiianniiinnen.n, 49
7 1,808 .eeeiinnna-n
Precise triangulation ... ... .o i et 1,045 43,040
Primary triangulation... e .- 100 15,000
Secondary triangulation, 380 2,515
POEBL. .+ e eee et een e e e e e rananen et e s 1,525
. Precise traverse. . 575
Precise base lines. 13.5 |.
Secondary base lin 10|
Reconnoissance. . 500
Precise loveling 1,808

The progress of geodetic field operations during the period covered
by this report was steady, but limited by the small appropriation.

Distinct advances were made in improving field methods in some
operations. A supplement to Instructions for Precise Traverse
covers many details of that very important method of furnishing
horizontal control. Precise traverse will undoubtedly be used more
and more in the future, both to supplement the more costly triangula-
tion on comparatively short lines and also to furnish the secondary
control for cities.

Experiments were made at various times during the year on the
effect of magnetization on the period of the new invar pendulums,
and at the close of the fiscal year the prospects were bright for
being able to perfect simple methods an(f apparatus to render that
effect negli iblp. ‘

. The publication of the new gravity manual will make the work of
instructing new observers much easier in the future.



49 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY.

The feature which gives the greatest promise, however, and which
will revolutionize the process of making observations for astronomic
longitude, is the apparatus being built for the Coast and Geodetic
Survey by the Bureau of Standards. It is designed to receive at
any point in the United States the time signals sent out each day by
radio from Annapolis and to record those signals chronographically
in comparison with the same chronometer, and on the same sheet of
paper employed to record the star observations by which the local
time at the new station is determined. The difference of the local
times of Annapolis and the new station is, of course, the difference of
longitude. :

This new method is exactly similar in principle to the one for-
merly used, except that the radio is used instead of telegraph or cable
lines. The advantage of the new method over the old lies in the fact
that only one observing party will be needed instead of the two
formerly used, and in being independent of telegraph and cable
lines. This invention is especially valuable in regions like southeast
Alaska, where a number of longitude stations are needed before the
triangulation can be properly adjusted and where no telegraph or
cable facilities exist. It will also be very useful in connection with
gravity observations at stations out of reach of telegraph lines.

HYDROGRAPHY,

The following is a statement of the vessels at the disposal of the
Coast and Geodetic Survey at the beginning of the fiscal year:
Bache, Cosmos, Ewxplorer, Fathomer}' Hydrographer, Lydowia}?
Marinduque; Natoma,® Onward? (returned to Nayy Department),
Pathfinder, Ranger? Romblon' (returned to Philippine Govern-
ment), Surveyor, Wenonah? Yukon; total, 13. ‘ o

The following is a brief statement of the assignments of the ves-
sels at the disposal of the Coast and Geodetic Survey within the.
fiscal year:

Bache~On July 1 this vessel was engaged on a hydrographic
survey at the entrance of Delaware Bay extending from close in-
shore out to the 100-fathom curve. At this depth curve the sound-
ings developed a pronounced ravine hitherto uncharted. At the
close of the season the Bache sailed for duty in southern waters, on
October 7. On October 19 a revision of the alongshore hydrography,
between Tybee Island and Port Royal Sound, was commenced and
completed early in December. A number of remarkable changes
were found to have occurred since the last survey. The United
States Army Engineers, at their request, were furnished a copy of
the Tybee Roads area, as some of the new shoals indicate the possi-
bility of a serious encroachment on the dredged channel. In con-
trast with this instance of accretion is the suit of a landowner of
a near-by point for damages from the Government on account of
erosion along his water front which he claims was due to dredgin
operations. In April she resumed offshore work in the vicinity o
Chesapeake Bay with a view to the extension to the northward of pre-

1 Owned by Philippine Government and loaned to Coast and Geodetic Survey for survey-
ing in Philippine waters.
2 Converted yachts received by transfer from the Navy Department for surveying.
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vious surveys of this class. In cooperation with the Naval Radio
Compass Service a series of tests will be made which are expected
to afford data for improvements in methods and apparatus valua-
ble to both services.

- Explorer—On July 1 this vessel was engaged in combined opera-

tions in Stephens Passage, southeast Alaska. The most important
feature of her work consisted of the extension of the wire-drag ex-
amination northward through Stephens Passage, Gastineau Channel,
and Lynn Canal. She acts as mother ship for the wire-drag launches
and takes part in the actual operation of the drag and sweep. A
precise triangulation and a topographic and magnetic survey are
being carried on at the same time. Field work closed on October 18,
when the steamer returned to Seattle, where she remained until
March 24, when she sailed for Taku to resume the same program.
_ Fathomer—This vessel was employed the entire year in surveys
in the Philippine Islands. On July 1 she was engaged in general
surveys in Sulu Sea in the vicinity of the Cuyo and Cagayan
Islands. This work was completed in October and the steamer
shifted her working grounds to the southwest coast of Zamboanga
Province, and continued in this area until weather conditions made
further operations impracticable and she returned to Manila Janu-
ary 29. She was undergoing repairs untier;pril 15. On the 18th
she proceeded to her wor?zing grounds in the vicinity of the Cagayan
Islands, Sulu Sea, and continued there until the close of the fiscal
year. ' ,

Hydrographer—On July 1 this vessel was investigating a reported
shoal about 4 miles northwest of the Marquesas' Keys, Fla., which
turned out to be an uncharted coral bowlder with a depth over it of
only 7.2 feet. On July 12 the offshore hydrography south of Mar-

uesas Keys was resumed and continued until September 10. On

eptember 14 the steamer proceeded to Boot Key Harbor, which was
used as a base for the hydrographic survey between American Shoal
and Sombrero Reef until the close of the season December 30. On
January 8 she left Key West and after some delay, due to bad
weather, arrived at Mobile, Ala., the 17th, where she remained under-
éoing repairs until February 21, when she proceeded to Chandeleur

ound to continue the work of the Zanger. IiBefore the hydrography
in the Gulf could be extended it was necessail_}r to provide adequate
control by a triangulation scheme connecting Mississippi Sound with
the Delta. This was completed through Chandeleur and Breton
Sounds by May 27, and the vessel arrived at Burrwood, La., to take
up a hydrographic examination of the Southwest Pass of the Mis-
sissipp1 Delta, requested by the Army Engineers, which was in prog-’
ress at the close of the fiscal year. ,

Lydonia—On July 1 this vessel was engaged in combined opera-
tions on the outside coast of southeast Alaska, along the west coast
of Dall Island. The steamer was engaged in offshore soundings
from August 23 to the end of the season, October 23. The Cosmos
was engaged in inshore hydrography between Cape Augustine and
Meares Passage during the entire season, and the topography of the
' same stretch of coast was done by a detached party with launch 47,
operating from a camp. On April 2 the steamer left Seattle to take
up the offshore hydrography on the northern coast of California, and
this work was in progress at the close of the fiscal year.
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Marindugque~—This vessel was employed the entire year in surveys
in the Philippine Islands. Owing to the lack of a complement of
officers, she did not take up field work until March 17, when she com-
menced operations in Bacoor Bay. This work was completed by May
18. On May 23 she began combined operations in the vicinity of
Lagonoy Gulf and remained there during the remainder of the fiscal
year.

Mikawe.—This vessel was assigned to the resurvey of the stretch
of coast from Port Royal Sound to Charleston, S. C. In general, the
hydrography had as its offshore limit the 3-fathom curve, and was
extended into the inlets of any importance to a distance of at least a
mile or.to a point where the depths were unchangeable. Work was
commenced on August 5 and discontinued on December 20, It was
resumed in April, and an additional party with the launch Zlsie was
also assigned to cooperate with the M7kawe in this section.

Natoma—From July 1 to July 13 this vessel was at San Francisco,
Calif., completing miscellaneous repairs. On the latter date she left
for Los Angeles %Iarbor to take up a general revision of the hydrog-
raphy and topography. Since the last systematic survey very ex-
tensive improvements had been made, with the result that what had
hitherto been little more than a convenient anchorage became a har-
bor with unusual facilities. Field work was completed on December
14 and the vessel returned to San Francisco to resume the revision of
the hydrography and topography in that vicinity. The work in-
cluded a resurvey of the bar, wire-drag investigation of shoal sound-
ings off Fort Point and east of Angel fsland, and the location of four
radio compass stations. Field work was closed on May 26, and up
to the close of the fiscal year the steamer was undergoing general
repairs and overhauling. ;

Onward.—This vessel continued on the resurvey of Pamlico Sound
and Neuse River until October 21. On November 26 she-was re-
turned to the Navy Department.

Pathfinder —This vessel was employed during the entire year on
surveys in the Philippine Islands. She left Manila July 26 for
hydrographic surveys off the coast of Camarines Norte, east coast of
Luzon. This survey includes a bank shown on former Spanish charts
at the edge of deep water in the Pacific. The indications are that this
bank is much smaller and deeper than reported and the survey will
probably remove it from the list of dangers. This work was sus-
pended in October before the period of northeast monsoons, and on
November 1 the Pathfinder sailed for the west coast of Mindanao to
take up combined operations. The triangulation was completed be-
tween Negros Island and Sibuguey Bay, Mindanao, and she returned
to Manila January 5. From-January 10 until the first part of March
she was undergoing repairs, and on the completion of these she pro-
ceeded to Lagonoy Gulf, arriving there March 16, and was engaged in
this section until May 16, when she proceeded to Jomalig Island.
Having completed the detailed hydrographic examinations there in
June, she commenced the work of deep-sea sounding, thence to Catan-
duanes Islands.

Ronger~—On July 1 this vessel was engaged in the offshore hydro-
graphic survey in the Gulf of Mexico from Mobile Entrance to Chan-
deleur Sound. From November 14 to December 27 she was at Gulf-
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port, Miss., making repairs to boilers and arranging for extensive
repairs and alterations preparatory to taking up a new assignment
for combined operations in Porto Rico and the Virgin Islands. From
December 29, 1920, to June, 1921, she was undergoing repairs at New
Orleans, La. On June 1 she proceeded to Key West, where she was
joined by the launches Mitchell and Marindin, and convoyed them to
San Juan, P. R., arriving July 5.

Surveyor—On July 1, 1920, this vessel was engaged in combined
operations extending from Shelikof Strait westward to Mitrofania
Island, southwest Alaska. The principal part)of this work was tri-
angulation for primary control of that stretch of coast, 180 miles in
length. A shortage of fuel oil rendered it necessary in midseason to
change the original program to operate parties at both ends of the
scheme, and to concentrate the entire complement and equipment in
Shelikof Strait. The Yukon was used as an auxiliary during the
season, which closed October 5. After stopping two ga s at %itka
for a special examination, the steamer proceeded to Seattle, arriving
the 18th. With expectation of continued fuel-oil shortage and its
high price in southwest Alaska, it was decided to postpone operations
there and replace the Lydonia on the survey of the outside coast of
Prince of Wales Island, southeast Alaska. The steamer left Seattle
April 2 and on April 18 field work commenced and was in progress
at the close of the fiscal year. '

Wenonah.—This vessel was engaged on July 1 in carrying on
combined operations in Clarence Strait. In addition to the topog-
raphy and alongshore hydrography done by the launches and the
hydrography out in the deeper waters of the open strait by the
steamer, a section of the scheme of precise triangulation is also
being done .and will eventually connect with that of the Ewplorer
through a short link completed in a previous season. Field work
was cﬁ)sed in November and the Wenonah arrived at her home port,
Seattle, on the 18th. She returned to Ketchikan April 2, and by the
18th all branches of field work were resumed.

The statements below contain the statistics regarding the class of
accomplishment during the fiscal year: ‘

SHIP AND LAUNCH HYDROGRAPHY PERFORMED DURING THE FISC‘AL‘YEAR. .

Ship hydrography : Statute square miles,
Delaware Bay approach________ 1,907.0
Chesapeake Bay approach__.__. 326.6
Savannah, Ga., entrance____._____ 128. 9
Pamlico Sound, N. C__. : : 189: 6.
Florida Reefs_ e " 228.0
Gulf of Mexico (offshore) 1,154.0
Mississippi River approach - 43.0
Los Angeles Harbor, Calif_ _____ e 1165.1
San Francisco Bay o 52.0 -
California (offshore)__._._, : 091. 1.
Prince of Wales Island (outside coast) - 1,788.0
Clarence Strait .- e o et et e e 558.0
Stephens Passage and Lynn Canal 16,0
Shelikoff Strait 180.0
Philippine Islands .. ..____ - - 12,3878.9;

Wire-drag surveys: ’

Stephens Passage, southeast Alaska__________ ' - 8940

Launch hydrography: o
South Carolina coast ____ . _________ . . 195.0

Umpqua River entrance . oo e 8.0
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Topography in connection with hydrographic work was executed
as follows:

Shore line, Area,

statute square

miles. miles.
Chesapeako Bay approach. . ... imii it e 10.0 D,
Pamh%o Sound, NI.)% ................... i 23,0 .
Coast of South Carolina........_....... JN e rneemeniaaaas .- 113.0 ) 64.5
Savannah River entrance .. 49.5 [ooiiaiiinnn
ViCInity Koy West. . .o oueiien et it eeu e eeaeseaseaareanasanseenan 2 | I
Los Angeles Harbor, Callf.. ... .v.ioonimrnerii et ciecnanieeaaaraanraaaanens 33.3 1 344
North coast CAlifornia. . .. ooo e e ottt vt ciie i cieaens 17.0 oiaiiians
SaN FranClso0 BaAY ... uaec et atareimrieaaearraaecerasanacaaanaansenannaenan 23.2 | 50.0
Umpqua River entrance. ... et J T P 2.0 3.0
Stephens Passage ... mamatecaeanaenn.- 138.0 | 388.0
Clarence Strait.... .. ...ooieeooiaia.o. .. 569.7 | 63.0
Prince of Wales Island (outside coast e 569.7 ‘ 63.0
Shellkof Strait.........coocoeenann.- [ 25.0 | 25,5
VirginIslands... ................. et 28.0 . 33.0
PhilpPINe ISIRIAS  c o oot cenevetatoam e e aeaemnrtasasssnsesnsenanesensaasannas 283.5 378.5

MAGNETIC WORK,

The magnetic observatories at Vieques, P. R.; Cheltenham, Md.;
Tucson, Ariz. ; Sitka, Alaska ; and near Honolulu, Hawaii, have been
in operation throughout the year and practically continuous records
have been secured on the magnetographs and seismographs. The
necessary absolute observations and scale value determinations have
also been made.

A magnetometer which had been previously compared at Chelten-
ham and Tucson was compared with the magnetometers at the Hono-
lulu and Sitka magnetic observatories, and then again at Chelten- .
ham, thus giving an indirect comparison of the magnetometers at
these four observatories. Instruments intended for field use were
standardized at Cheltenham.

In April, 1921, the instruments of the yacht Carnegie, of the de-

artment of terrestrial magnetism of the Carnegie Institution of

ashington, were compared with those at Honolulu Observatory,
thus giving another determination of the relation of the latter to the
international magnetic standard of that department.

In February a new Milne-Shaw seismograph was installed at the
Honolulu Observatory. The greater sensitivity and more improved -
time-marking apparatus of this instrument will make it possible to
determine the earthquake phases with much greater accuracy than
was possible with the old Milne seismogr’iiph. -

The time record of the seismograph at Tucson has also been greatly
improved by the substitution of a make-circuit chronometer in place
of the clock which came with the instrument. At the Sitka Observa-
tory much trouble was experienced in replacing the broken jewels in
the bearings of the recording arm of the E-W component of the
Bosch-Omori seismograph. Steel bearings installed at the end of the
year promise to give very good results. Earthquakes have been re-
corded as follows: Porto Rico, 25 ; Cheltenham, 26 ; Tucson, 35 ; Sitka,
9: and Honolulu, 68.

Extensive improvements have been made to the buildings and
grounds of the Honolulu Observatory, and repairs to the office
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building at Vieques were in progress at the end of the fiscal year.
Local conditions in the building trades made it advisable to postpone
longer the erection of a building for office and quarters at Chelten-
ham, but it is hoped that this most important work can be done next
year. : o .

The observer in charge of the Honolulu Observatory was a dele-
gate to the Pan-Pacific Scientific Congress, and was able to secure
the services of a former magnetic observer to take temporary charge
of the observatory while he attended the meetings of the congress on
the island of Hawaii. )

Maexeric Survey.—Because of the inability to secure additional
magnetic observers it was necessary to suspend almost entirely the
field work of the magnetic survey, and as a consequence to postpone
the preparation of the isogonic chart for 1920.

A magnetic observer began field work the middle of June to secure
the secular change data in the northwestern part of the country
needed for the preparation of that chart, and had occupied three
repeat stations at the end of the fiscal year.

eclination observations were made at a number of stations in
southeastern Alaska in 1920 in connection with the triangulation
work, and in April, 1921, an extended series of observations was made
in the vicinity of Port Snettisham, Alaska, by the party on the
steamer Ewplorer for the purpose of developing a local disturbance
which had been reported in the vicinity of Sentinel Point. Declina-
tion observations were made at four stations by the topographic party
at work in the Virgin Islands. :

Arrangements were made with the United States Coast Guard by
which it will be possible to make magnetic observations on the shores
of Bering Sea and the Arctic Ocean during the coming summer.
After making observations at the old station at Seattle, an officer of
this Bureau left that place for Nome, Alaska, on June 9, where it is
expected that he will join the Coast Guard steamer Bear after making
observations in that vicinity.

TIDE AND CURRENT OBSERVATIONS.

During the year current observations were made on the following
light vessels:

8
maog&u.

. Time
Light vessel. State. Station. employed.
Y. mo d
Pollock RIp BlU@. cooiiirveiieii i iiiistenaninnienn Massachusetts......... 1 11
Nantucket Shoals.e.e . eoicicienieeietaceircaccvorancneeslonnen A0.cineniiniinnraen 1 5
cotland.......... ...} New York.. 1 3
Ambrose Channel..voeeeieveeerneeicsearssarneressasaainnans {5 1 SN 1 8
L (Y T PN Delaware...oeneeeeennn 1 10
WinterQuarter... ... Virginia....,... I 1 2
Diamond Shoals. . ..cuieicenieesresrioriiaennrnmenennes North Carolina 1]1 0 ¢
Frying Pan 8hoals..cccveeueraininiciieiniaiieneiencerracs]enans [ [ TN 111 0 0
Charleston........ -.«| South Carolina . 1 2 19
runswick..... ...| Georgla.. ... 1f1 00
San Francisco. .-{ California.. 111 0 0
Blunts Reef... SN [ MO 11 0 0
Columbia River. . ...| Oregon...... 111 0 o
Umatilla BT .u.ceeaenrrencesceanninasccnaesoesenmennen Was! {10): IO 1{1 0.0
BWIltBUIe BANK. . vcuvevenaresrasrsireneccessanansnnnsonacs k PR [ L T 11 0 ©
X 2 PP APPSR . 15 ; 1mn 1 5
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Short series of current observations were made at the following
localities:

Locality, - Stations. %ﬁ};&f‘
m. d.

New York Harbor and vicinity. 26 2 19
Delaware Bay a%)roaches, Del 1 2
Neuse River, N. Cueeeiiiiereercimraiaonnecesesrsoisncsocasnsencnss 1 1
10T PR 28 2 22

Twar OsservaTIONs, PRINGIPAL STATIONS.—Automatic tide gauges
were in operation throughout the year at the following stations:

1. Portland, Me. 11. Fort Morgan, Ala.

2. Fort Hamilton, N. Y. 12, Galveston, Tex.

3. Atlantic City, N. J. 13. San Diego, Calif,

4, Philadelphia, Pa. 14. San Francisco, Calif.
5. Breakwater Harbor, Del. 15. Olympia, Wash.

6. Aberdeen Proving Grounds, Md. 16, Seattle, Wash.

7. Baltimore, Md. 17. Ketchikan, Alaska,
8. Fernandina, Fla. 18. Kodiak, Alaska.

9. Key West, Fla, 19. Unga, Alaska.

- 10. Cedar Keys, Fla. )
Tmarn OBservaTIONS, SECONDARY StarioNs~—Tidal observations
were made at the following stations during a part of the year:

1. Port Morris, N. Y. 24, Chandeleur Island, La.
2. Hell Gate Arch, Wards Island, 25. San Pedro, Calif.
N, Y. ) 26. San Francisco Bay, Calif.
8. Manhattan Beach, N. Y, 27. Umpqua River, Oreg.
4. Brooklyn, First Street Pier. 28, Taku Harbor, Alaska.
5. Brooklyn, Third Street Pier. 29. Sea Otter Harbor, Alaska.
6. New York City, Battery. 80. Craig, Alaska.
7. New York City, Willis Avenue 81. Menefee Anchorage, Alaska.
Bridge. 82. Gardners Bay, Alaska.
8. New York City, Spuyten Duyvil. 88. Nichols Bay, Alaska.
9. Albany, N, Y. ~ 34. Honolulu, Hawaii.
10. Mariners Harbor, N, Y, 85. Gagayan Island, P, 1.
11, Newark, N, J. 86. Diniasalang, Naro Bay, P. 1.
12, Perth Amboy, N. J. 87. Port Holland, Malusa Bay, P. I.
18. Oriental, N. C. : 88. Dumaran Island, P. I.
14. Edisto Island, 8. C. 39. Nangalao Island, P. 1.
15. Broad River, S. C. 40. Cabulanan Island, P. I.
‘16. Beaufort, S. C. 41, Tailoban Island, P. I.
17. Miami, Fla. 42. Ragay Gulf, P, 1,
18. American Shoal Lighthouse, Fla. 43, Bisquay Island, P. 1.
19. Saddle Bunch Harbor, Fla.. 44. Palillo Island, P. I,
20. Xey Vaca, Fla, 45, Cebu Island, P. 1.
21. Boca Grande Key, Fla. 46. Manila Bay, P. 1.
22, Marquesas Key, Fla. ’ 47, Mindanao Island, P. 1.

23. Biloxi, Miss.

Automatic tide gauges were kept in operation throughout the year
at 8 stations on the itlantic coast, 4 stations on the Gulf coast, 4

stations on the Pacific coast, and 3 in Alaska. In addition, tidal

observations in connection with hydrographic surveys were made

at 30 stations in the United States with an aggregate length of 53 .
Years, 18 stations in the Philippine Islands with an aggregate length

of 3} years, and records received from outside sources totaled 21

stations with an aggregate length of 11} years.
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At the principal tidal stations the relation of tide staff to bench
mark was verified with spirit levels, insuring accurate data for pre-
cise level net connections and also for the detection of emergence or
subsidence of coast. '

To make available for engineering and other purposes definite datum
planes all along the coast, and to the mariner increased accuracy
of current predictions, a tidal and current party was employed in
New York Harbor for about 3} months. The work of this small
party was preliminary to a contemplated intensive tidal and current
survey of the port, extending over only a.short period but with
simultaneous observations by a number of parties over the whole
area.

Current observations during the year were made on 19 light vessels
on the Atlantic coast, and on 5 light vessels on the Pacific coast. In
addition, short series of observations were made at 62 stations with
an aggregate length of 13 months.. S S

An improvement in connection. with the observation of tides, of
considerable importance, was inaugurated during the past.year. . This
consists of a standard tide staff and backing piece which will elimi-
nate a great deal of trouble heretofore experienced in maintaining a.
fixed relation between the tide curve and the zerc .of the.tide staff.
- This standardized tide staff and backing piece are: being  estab-
lished at all the principal tidal stations maintained by the ‘Survey..

_Another improvement worthy of mention here is the field automatic
tide gauge, which was devised the past year and which is now being,
constructed in the instrument section of the Survey. This new gapge,
‘which is portable, will aid in securing hbetter observations for use
in econnection with hydrographic surveys and do away with the ne-
cessity of maintaining one or more tide observers with each party,
thus securing increased accuracy at decreased' expense.

68584—21——4



CHAPTER II

PRESENT CONDITION OF GEODETIC, HYDROGRAPHIC, MAGNETIC,
AND TIDAL AND CURRENT SURVEYS.

GEODETIC WORK.

One of the major operations of the Bureau is the extension of tri-
angulation and leveling of precise and primary accuracies into the:
interior of the United States. All surveying and mapping of the
country is, or should be, joined to these two systems of control to give
proper coordination, aps and charts are not satisfactory if dis-
crepancies ‘develop when two or more of them covering adjacent
areas are used together. The only possible way of avoiding these
discrepancies is to have all detailed and local work connected to the
main scheme or control framework of precise accuracy which in-
cludes the whole country. For a graphic presentation of the present
progress of triangulation see figure opposite.

Until recently the plan followed in laying out the geodetic work
was to distribute the control surveys, triangulation, and precise level-
ing in such a manner as to have as soon as possible one or more points
of precise accuracy within not more than 100 miles of any place in the
United States. Tlee Board of Surveys and Maps, after a careful con-
sideration of the mapping situation in this country, has recently rec-
ommended that the 100 miles be decreased to 50 and that the precise
control be completed at as early a date as possible. The board esti-
mated the total cost at $4,200,000.

The need is urgent. Not only are the mapping activities of the
United ‘States Geological Survey and other Federal map-making
bureaus dependent upon this precise control, but States and cities are
demanding more and more insistently that this control be made avail-
able for their use. This work is a necessary preliminary to the indus-
trial progress of the nation and must be regarded as a necessary in-
vestment rather than as running expenses.

The question of State cooperation in this work is one that should be
considered. It is believed that a State should be permitted to share
the cost of control surveying which is entirely within the limits of
the State and which is done primarily at the request of the State to
meet its own particular need. However, the greater number of arcs of
Erecise triangulation and lines of precise leveling cross several States.

ach separate piece of this control surveying must be joined at both
ends to the main scheme over the whole country and so can not well
be done piecemeal at wide intervals of time. It would be very difficult,
one might almost say impossible, to secure the cooperation of several
States in the required manner. It is, of course, out of the question

50
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for each State to do its own control work. The cost of organizing
and equipping a geodetic survey in each State would be prohibitive
to say nothing of several other almost insurmountable difficulties as,
for example, the carrying of work through intervening States which
were indifferent or wished to delay in making the appropriations, to
a- State urgently in need of control data.

Although the need for triangulation and leveling in the United
States proper is very great, the condition in Alaska is even worse.
The precise control work in Alaska immediately needed includes an
arc of triangulation along the coast to coordinate the hydrographic
charts, and triangulation and leveling from Cook Inlet into the in-
terior toward Fairbanks, for the use of several Government organi-
zations, especially the topographic branch of the Geological Survey,
the General Land Office, and the Forest Service. This Bureau and
the Geodetic Survey of Canada are at present cooperating in carry-
ing precise triangulation from the northern boundary of the United
States to a point on the Yukon River where it crosses the one hun-
dred and forty-first meridian boundary. This will make the North
American datum available for both Alaska and Canada.

One of the important lines of scientific work carried on by the
Bureau is the determination of gravity. The cost of this work is
very small. The results are of great value to geologists in their
practical as well as theoretical work, and they have urged that the
work be continued again, especially to ascertain if the gravity appa-
ratus can be used for the detection of oil or other mineral deposits.
Another important problem in gravimetric surveys is to develop an
apparatus for the measurement of gravity at sea. Many investiga-
tions regarding the formation of the earth’s crust and earth dy-
namics would be greatly advanced by accurate gravity determina-
tions over the oceans. The cost of this work would be almost insig-
nificant as compared with the benefits to be derived.

The subject of seismology is now being followed actively by many
able investigators in this and other countries. Very recently this
work has been undertaken in California by the Carnegie Institution
of Washington and independently by geologists in California. This
Bureau should be given an appropriation to cooperate in this work
to the extent of carrying precise triangulation and leveling into the
regions of seismic activity in order to detect movements of the
earth both horizontally and vertically. It is very probable that
there is a slow movement of the earth’s crust prior to an earthqualke
shock and that the imminence of destructive convulsions may be
predicted after proper study of the subject has been made.

Following the San Francisco earthquake of April 18, 1906, the
triangulation in the area affected was revised to determine the
amount and extent of the horizontal displacements in the earth’s
crust. Relative horizontal displacements of from 6 to 20 feet on
the sides of a fault 185 miles long were disclosed by this triangula-
tion. Tt also disclosed evidence of earlier movements which had
affected a large area, probably at the time of the 1868 earthquake.
These two great movements caused horizontal displacements in an
axea of more than 4,000 square miles.

In order that any preliminary gradual displacements may be de-
tected, it is necessary that detailed precise triangulation be extended
over the areas of suspected seismic activity and that the observations
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at.certain stations in that area be repeated at intervals. Critical
strains in the earth’s crust may also be evidenced by changes in the
relative elevations of different portions of the terrain, so precise
~ levels should also be run. o

These precise earth measurements are a necessary preliminary to the
successful study of the seismic phenomena antedating severe earth-
quakes. The control points established will also perform their more
eommon function of base points for local surveys and will thus be
of value in a dual capacity. -

HYDROGRAPHIC WORK.

It has been found convenient to arrange this work in the form of
separate projects. These projects may be divided into two classes,
as follows: (1) Unchangeable areas; (2) changeable areas which
will require continuing operations for an indefinite period.

In the first class, there are the offshore hydrography of the Atlantic
and Pacific coasts; the wire-drag work on the Atlantic, Gulf, and
Pacific coasts, including Porto Rico and southeast Alaska ; the first
complete survey of certain sections of southern and western Alaska,
which are of immediate commercial importance. No ' estimate is
made for the Aleutian Islands west of Unalaska, most of the area
in Bering Sea or Arctic Alaska, since their commercial development
seems to belong to the distant future. For the offshore work, we
have planned to go seaward to a depth of 100 fathoms in the Atlantic
Ocean and Gulf of Mexico and to a depth 'of 1,000 fathoms in the -
Pacific Ocean. When these ocean surveys have been accomplished in
accordance with present standards, there will be no necessity for
additional work inside of the 100-fathom depths on the Atlantic
Ocean and Gulf of Mexico and the 1,000 fathom depths on the Pacific
Ocean except in those places of comparatively shallow depths, such
as (Georges Bank, Nantucket Shoals, Diamond Shoals, and the shal-
low ¢coastal waters which are subject to constant changes. -Likewise,
after the surveys of the designated sections of Alaska, the Hawaiian
and Philippine waters have been completed, the only additional
work that will be required in these areas will be such as may result
from changes in localities of shallow depth, or where greatly in-
creased commercial importance necessitates more detailed surveys of
small bodies of water, or where changes have resulted from public
works undertalken subsequent to the original survey, and work in
the Bering Sea and Arctic Ocean. - ‘ ‘

The second class of work, chart revision and the resurvey of the
bays and inside waters of the Atlantic and Pacific coasts of the
United States, and to a lesser extent of Alaska and the insular
possessions, must be carried on indefinitely, just as we are to-day
resurveying waters that have been adequately surveyed several
times in the past. This is due-to the fact that the forces of nature
are continuously cutting out and building up along the entire shore
where the formation is not solid rock, and also to the fact that the
industrial development of the country is continuously changing
both the waterways and shore line by dredging channels, filling in,
constructing piers and other works. In order that the charts may
be kept up to date and be of real service to the mariner it is neces-
sary that they be corrected from time to time to show these changes.
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The oceanographic work which. the Bureau should carry on can
not be treated as a project on which any time limit for completion
can be given. At the present time there is an urgent need for the
detail of one able vessel on this work on the Atlantic coast for the
exploration of the Gulf Streamis one of the problems that was laid
down in the organic act creating the Coast Survey. We have done
very little work of this kind in the hundred and more years of the
existence of the Survey, and no work of any consequence has been
done within the last 30 years. ‘

These projects do not include all of the work that should be per-
formed by the Bureau in the line of hydrography and topography,
but it is believed that they do include all the projects that should
be undertaken at this time or in the near future, the other work-to
be deferred until the comgletion of some of these projects. - After
the completion of any of these projects the personnel and equipment
that had been employed on the project will be available for other
work. o : o . ‘

This other work includes hydrographic investigations beyond the
limits of the present projects and other special investigations. It
is clearly the duty of this country to perform its share of ocean
investigation, and there is a large field for such investigation in the
Atlantic Ocean and. Gulf of Mexico, contiguous to our: coast, but
outside of the 100-fathom: contour, There is a like need for such
work in the Pacific Ocean outside of the 1,000-fathom contour,

- which is comparatively close to our coast.. There are fishing banks
seaward of the 1,000-fathom contour in the Pacific Ocean that

should be investigated for the benefit of our fisheries. There is a
stretch of unexplored water extending hundreds of miles west of
the Hawaiian group through which our ships are required to pass.
These waters are known to- contain many shoals, reefs, and rocks
that are a menace to navigation. - The survey of these waters, to-
gether with resurveys of the shallow changeable offshore waters,
would fully employ any equipment and personnel that would be
released on the completion of any of the projects which require
similar e%uipment. o ; = <

IRE Drag,, Arrantic anp Gurr Coasts.—Ares to be dragged,

5,000 square miles; 8,000 square miles of this area is on the coast of
Maine, and includes much deep-water. Owing to lack of appropria-
tions, it has been impossible to do any work on this project during
the last fiscal year. - P ‘

Arvantio aNp Gurr Coasts—Area of offshore work required,
166,000 square miles. .. = - .

Porro Rico aNp Virain IsLaNps.-<—Area wire-drag work required,
750 square miles, mostly in Vieques Sound. . o

VirerN Isnanps.—General hydrographic surveys are required.

- Pacrrro Coast, CALIFORNIA, WASHINGTON.—Area wire-drag work
required, 1,360 square miles. No work has been done on this project
owing to lack of equipment and money. - . f .
- CavrrorN1a, WASHINGTON, OREGON.—ATea offshore surveys, 70,500
square miles. This project is divided into the following three sec-:
tions, owing to the different conditions existing in each:

San 'Diego to Point Conception—Area 21,000 square miles. . No
work has been accomplished during this fiscal year and none is con-
templated during next year. . L : :
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Point Conception to Cape Blanco.—The area required to be cov-
ered is 21,000 square miles. ’ : :

Cape Blanco to Puget Sound.—The area required to be covered
is 28,500 square miles. No work has been accomplished during this
fiscal year and none is contemplated for the next year. ;

SourHEAST ALssEa.~—There are 7,000 square miles to be covered
by wire drag. '

Dixon Enrtrance To Capr Srencer.—On the outer coast the in-
shore and protected work to be covered has an area of 4,120 square
miles, and the offshore work has an area of 12,000 square miles.

Pacrric Coasr or Arasxa—~—Cape Spencer to Attu Island. In-
complete hydrography area 26,250 square miles. The surveys of ‘a
large part of this are sufficient for present navigational needs. For
administrative purposes it should be considered 1in the same class as
the changeable areas on the -continental] coasts of the United States:
Additional surveys will be made in response to a demand, and the
ideal arrangement would be to assign one or more parties each year
to this class of work. No work under this project is undertaken
during the preserit, nor is any contemplated during the mnext, fiscal
year. = — Ll Coe

Exploratory or unsurveyed area 120,465 square miles. 'Of this area
there are 40,000 square miles of immediate importance to naviga-
tion. This includes the stretch of coast from Prince William Sound
to Unalaska Island. The party should be prepared to undertake all
classes of surveys. The type of organization would be that of the -
Surveyor in 1920. S v o
- Arasga, Bering Sea, aNp Arcric OceaN.—Area unsurveyed
497,345 square miles. Most of this area is of such a distance from
land that its survey is of no present navigational importance. The
stretch of coast on the north side of the Alaskan Peninsula and ex-
tending from Unalaska Island to the mouth of the Kuskokwim
River promises to be of increasing commercial importance due to -
the large fishing industries and the possibility of the discovery of
gold-bearing sands, the characteristics of the shores of the Kuskok-
wim being similar to those found at Nome. No work was accom-
plished on this project during the present fiscal year, nor is any
contemplated during the next year. Lo

Hawaran Iscanps.—The unsurveyed area is 10,280 square miles.
Most of this area is deep water which could be done by a steamer of
the Zydonia type. The hydrography of the bays and close along
shore, as well as the topography, would be done by a detached party
from the steamer living ashore and assigned a launch. . This work
is much needed, but owing to lack of appropriations it has been
impossible to do any work on this projeet during this fiscal year,
nor is any contemplated during the next year. ' SR

In the present and previous annual reports there are printed dia-
grams of the Condition 'of Field ‘Operations. - These diagrams are
intended to show in a graphic manner where our surveys are at
present adequate, or where surveys are needed; and the type of survey
required to make our charts up to date and thoroughly reliable for
safe navigation. ST R L R T E

To facilitate reference to the text and to the locality, diagrams are
inserted showing the important steamer courses, the courses being
numbered to correspond to the paragraphs of descriptive matter.
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Using these sketches as base maps, I have endeavored to show the
progress that has been made in the hydrographic and topographic
worls, using the same sequence in nunibering the courses and descrip-
tive matter pertaining thereto. )

A detailed analysis of the conditions and the progress of the
work can not be given in this limited space, but there are shown on
the base maps the areas covered during the past year.

1. Deep-Drarr Avonesuore Course rrom TtHE CaNapiaN Bouxp-
Axry 70 THE Qurer LiMrr or Tstn au Haur Bay.—~The entive 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 inh 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 traflic for shipping out their produce and receiving their sup-
plies. The commerce consists of lumber, fish, and fuel, and mis-
cellaneous merchandise, constituting the supply of the smaller and
larger fashionable resorts, of which the largest is Bar Harbor, Me.
The exceptionally rocky coast makes it certain that a wire-drag survey
will result in the discovery of many rocks that now endanger the
safety of commerce over this course.. (See fig. 5, opposite p. 54.)

2. Frencaywans Bay.—This body of water lies westward of
Schoodic Peninsula and eastward of Mount Desert Island. Tt is
the approach to the town and important summer resort of Bar
Harbor, Winter Harbor, South West Harbor, Northeast Harbor, and
many small villages and naval coaling stations 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. 5, opposite p. 54.)

3. Ivvanp TraoroucHFrARES ¥ROM MounTt Deserr Isnanp To Roox-
raNp.—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 only part of these channels which has been
dragged lies between Bluehill Bay and the western entrance of Penob-
scot Bay. The results obtained have been so startling that they
clearly 1ndicate dangers in the use of channels that have not been
dragged. (See fig. 5, opposite p. 54.) c S

4. Prxonscor River.—This river, emptying into the head of Penob-
scot Bay, forms the approach to the towns of Bucksport, Winterport,
Hampden, 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 drawing
about 10 feet, and many vessels trading to Bangor draw as much as
18 feet. Practically the entire river above Bangor is used in lumber-
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ing. 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 ﬁ%. 5, opposite p. 54.)

5. Penosscor Bay.—In Penobscot Bay every port has benefited by

the practical completeness of the Wire-grag 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 ad-
ditional work is necessary to protect this increased draft. (See fig.
5, opposite p. 54.) As it has required time to solve all the problems
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. Pe~osscor Bay 1o Casco Bay (Derp Drarr) —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 it 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 period. The lead
line is not adapted to find without assistance dangers of this char-
acter. This thoroughfare presents uneven and rocky bottom between
‘Monhegan Island and the eastern entrance to Casco Bay, which
should be dragged to remove all doubt of the existence of pinnacle
rocks or small ledges. (See fig. 5, opposite p. 54.)

7. Penoescor Bay 1o Casco Bay (MoperaTE DraFr).—TFrom the
western entrance of Penobscot Bay to Casco Bay there has been no
wire-drag work done. The inside route is constantly used by coasting
steamers, but it is certain that it has within its limits many uncharted
rocks, some known Jocally and some unknown. (See fig. 6, oppo-
site p. 56.)

8. Boorunay Harpor.—This forms the approach to the town of
Boothbay 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. 6, opposite p. 56.) :

9. Kexnesec 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. 6, opposite p. 5§6.) : ‘

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. 6, opposite p. 56.)
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11. Porrranp Harsor aND ApproacHEs.—These have been dragged,
and all dangers to navigation are shown on the charts. (See fig. 6,
opposite p. 56.)

12. Porrranp 1o PorrsmourH (MoperaTe Drarr) —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 Eliza-
beth, which must be completed to make this portion safe. (See fig.
6, opposite p. 56.)

13. Portranp 10 CapeE ANN (Derp Drarr).—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
Cape Porpoise to within 10 miles of Cape Ann. (See fig. 6, oppo-
site p. 56.

14? POR')I‘SMOUTH HarBor.—This area has been dragged, and all
dangers to navigation are known. (See fig. 6, opposite p. 56.)

15. Massaonuserrs Coast Norra or CarE 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. 6, OEposite . 56.)

16. Care ANN 10 CaPE Cop Canarn.—A completely dragged area
extends from Cape Ann to Cape Cod Canal and from the head of
Buzzards Bay to Sakonnet Point, R. I. With the exception of the
areas near the shores of Buzzards Bay, this importaht survey is com-
plete. This work was made especially necessary by the opening of
the Cape Cod Canal in 1915, the original surveys having been 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 important not only to find those shoals of less than the pro-
posed canal depth, but also those which might become a menace at
some future date in case it should be necessary to deepen this canal
to take care of the largest vessels. With this view the drag was car-
ried 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
approaches will be found adequate, and where less depths have been
found the information will be invaluable to the engineers making the
improvement. (See fig. 6, ogposite p. 56.)

17. From Bosron Sourn Ovrsipe Care Cop.—Much of the traffic
between eastern New England and points west and south passes out-
side of Cape Cod; most of it through Nantucket and Vineyard
Sounds. Off Cape Cod the surveys are not complete. In Nan-
tucket Sound the entire route is through channels bounded by shift-
ing sand, and requires frequent revision work. In one part of the
channel most used—through Pollock Rip Slue—a shoal was formed
in the last few years that has been steadily narrowing and decreas-
ing the depth of the channel. A resurvey of parts of this route is
needed 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



58 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY.

and wire-drag work is needed. At present vessels must pass over 10
miles of undragged area in following the best channel through Vine-
yard Sound. (See fig. 7, opposite p. 58.)

18. From Care Cop Canar Turouven Buzzarps Bay.—This route
has been dragged out to the eastern limit of Long Island Sound.
(See fig. 7, opposite p. 58.)

20. ExtrANCE 1O Narracansprr Bay, Brock Istaxp Souxp,
Fisuers Istanp Sounn, axp Eastery Parr oF Lone IstAND 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. 7, opposite p. 58.)

21. Gurr or Maine—The portion of the Gulf of Maine of which
the 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 accom-
plished 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 obtained 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 ome shoal rock exists on Cashe Ledge,
where two were charted, and that Sigsbee and Ammen Rocks for-
merly shown four miles apart are really the same rock. These de-
fects 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 Gult
sufficiently to locate themselves accurately by sounding. This is par-
ticularly serious during the fog of summer, which often extends far
out to sea and lasts for days, 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 un-
charted, but the limit and depths of known banks are not correctly
given. Besides, 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. (Se¢ fig. 8,
opposite p. 58.)

22. NanTucker SHoALs To Grorges Banks—Ixtending eastward
from Nantucket Sound there is an immense shoal area, consisting of
sandy ridges which are shifted by the waves and currents. an-
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 readily be asked, what is the use of
surveying such areas as Nantucket Shoals, which vessels are most
careful to avoid? TFirst, 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 navi-
gation 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 stead-
ily moving seaward. During the winter Nantucket Island is the
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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 ex-
cellent example of how a region usually avoided by commerce may
be of importance to an industry which furnished part of the food
supply of the nation. (See fig. 8, opposite p. 58.)

23. Trans-ArraN1IC ArrroacH 1O NEw York.—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
modern methods in the portion out of sight of land so that the needs
of the enormous traflic will be met. (See fig. 8, opposite p. 58.)

24. From Point Jupnira To New Yorx.~—It is almost unnecessary
tor go into particulars, except to make it clear that the central and west-
ern 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 is now in progress. Be-
fore 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 East
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
castern approach to Long Island Sound, and it is urgent that the en-
tire aven 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. (Sce fig. 9, opposite p. 60.)

25. Hupson River.—The Hudson River is a valuable waterway be-
tween 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 a
possibility all the doubtful parts of the Hudson should be dragged.
(See fig. 9, opposite p. 60.) .

26. New Yorx Harsor.—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. 9, opposite p. 60.)

27. Coasr or Nxw Jersey.—Along the 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. A survey of this
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area was in progress July 1, 1920, in the vicinity of Cape Henlopen
and extended northward. The sounding lines were carried out sea-
ward as far as the 100-fathom curve. The season closed in October.
(See fig. 9, opposite p. 60.)

28. Deraware Bay.—Delaware Bay has as its most marked charac-
teristic a series of narrow, fairly deep channels separated by long, nar-
row 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 the importance of the cities at the head of the bay and
on the river, it is highly important that the needed survey of Dela-
ware Bay be made so that a chart of the proper standard may be
issued. (See fig. 10, opposite p. 60.) .

29. Devraware Bay Extrance 1o Cupssareake Bay.—From Dela-
ware Bay entrance to Chesapeake Bay there is a succession of shoals
and banks. Many of these are buoyed so that moderate-draft ves-
sels may pass inside of them. In certain regions it is of the highest
importance 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. Work in this section is
now in progress, north of the entrance to Chesapeake Bay, and being
extended northward. (See fig. 10, opposite p. 60.) )

30. CupsarEax®e Bay anp Trisuraries.~—These have been exten-
sively 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 Susquehanna Rivers.
The entrance has been recently surveyed, but another survey will
probably 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 report indicating pres-
ence of new shoals. (See fig. 10, opposite p. 60.)

31. Cuesareaxe Bay Extrance 10 Care Harreras—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
limit of s?oal areas be accurately determined. (See fig. 10, oppo- -
site p. 60.

SQ?AL'BEMARLE SouNp.—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 finished
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. 10, dpposite p. 60.).

33. CroaTan SovNp.—Croatan Sound, the connecting link between
Albemarle 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. (ﬁmnges in the main



U.S. Coast and Geodetic Survey

] e ]
Atlantic City

HH New Haven

CONDITION OF SURVEYS
ALONG MAIN STEAMER ROUTES

June 30,192!

Drag_yed or recenf//v surveyea’ -Safe

Not dragged - Doubtful

Not rccenf/)/ surveyed - Doubtful

Safe but not recently surveyed

— — — —

C.& G. 8. Print




U.S.Coast and Geodetic Survey

Rk

MARYLAND

Baltimore#

Annapolishy
Washington /

)

Albem™

NORTH

3
CAROLINA

N= - INTEEEAR

Philadelphia 3y
Chestery
Wilmin'an "

Recently surveyed—Safe..

Not recently surveyed~
\\ N DoU bl

afl€ So, \\
3,
<

C.&G. S Print



" REPORT OF DIRECTOR; 'COAST AND GEODETIC SURVEY. 61

channel have occurred within the. last two years. (See fig.’ 10,
opposite p.-60.). - . T Do :
34. Pamruico Sounp.—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, in addition to its local use as part of the through
10-foot channel, have not been completed ; the survey was in progress
up to October, 1920, when it had to. be discontinued owing ‘to'the
steamer proving unsuitable and too expensive to operate.  (See fig.
10, op%osite p- 60.) : I e
. 35, Diamonp Szoars—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 on the seaward
-side. (See fig. 10, opposite p. 60.) . oot e
36. Carr Harreras ro Winvam Bay, S. ‘C.—Nearly the whole of
this area is in need of a new survey, as those areas 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 and should be examined at short intervals. - (Seé fig: 11, 6p-
posite P, 62.): 5 e el e T
37. Winyam Bay ro FerNanpina,: Fra.—This region ‘has been
recently surveyed, the work extending out to 100-fathom curve. -The
inshore limit did not include the water area inshore from the 8-fathom
curve or the entrances to the harbors and inlets. Resurveys of this
shoal-water area have been in progress for over a year, and the
topography of the immediate coast Iine is being revised at the same
time. - The results show many changes of importance to 'small craft.
(See fig.. 11, opposite p. 62.) R S R
. 88.' FErRNANDINA TO THE Froripa Reprs.—From Fernandina to the
Florida Reefs the area of moderate depths' continually narrows,
until ‘at Palm Beach the distance to the 100-fathom curve: is very
small: The completed survey referred to in paragraph 37 extends
southward to a little below St. Augustine.  South of' St.  Augustine
. the bottom is probably not subject to change except as notéd 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 all 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 offshore surveys:
(See fig. 11, opposite p. 62.) - Coe s TR TR
39. GeNeraL, ATLANTIO, AND GULF Coasrs.——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
~Ralm 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
hé line joining the soundings parallel to the course of the vessel
until the soundings agree with those ‘shown on the chart: Tf the
Ch’al’ts‘azre ‘correct and based on a sufficiently modern survey, the
method is one of the best known for verifying the ship’s position. If,
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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 becoines much more difficult and an
accidental agreement méy lead the vessel into danger. »

From New York to Cape Hatteras the charts, while fairly good,
are by no means good enough to meet the full needs of navigation,
but the work required to bring them up to date has been postponed, °
as the need for resurveys has been more urgent farther south. Up to
a few years ago the offshore surveys from Cape Hatteras to the
Florida Reefs were almost unbelievably deficient. ' This condition
is being remedied as rapidly as possible, and between Winyah Bay,
S. C., 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. 11, opposite p. 62.)

40. Inpiax River.—There have been no recent surveys of these
waters. Revisionary work is needed. {(See fig. 12, opposite p. 62.)

41, BISCAYNE Bay.—Recent surveys have been made of this aréa
out to the 100-fathom curve, in the vicinity of Miami and as far
south as Fowey Rocks. (See fig. 12, opposite p. 62.)

42. Viciniry or Fowey Rooxs Lager.—~—No- recent surveys have
been 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. 12, opposite p. 62.) :

43. Coast oF Frormva ¥roMm Parm Beaca Arounp 1o Cepar Krys.
For a distance along the shore of 567 miles from Palm Beach south-
ward around to Cedar Keys on the west coast of Florida coral reefs
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, are found in a great variety of forms and in vast
numbers of sharp projections from the general bottom, where con-
ditions are favorable for the growth of coral. While we are in-
formed that an enormous 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
vsed by commercial and naval vessels because of both the time ana
cost involved. Wire-drag work is accordingly undertaken in locali-
ties where there are commerce and naval operations. = To accomplish
even this will require 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 current is very weak. There is a strong tempta-
tion to keep dangerously close to the reefs and save fuel, and this is
the cause of frequent accidents. Besides the danger of running 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 yet 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 have
been examined, but 200 miles remain to be examined. - It is impor-
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tant to nearly all the great traffic entering the Gulf of Mexico that
this examination be completed at the earliest possible moment. - Dur-
ing the past year up to December, 1920, a vessel has been continu-
ously emplIo{yed on the surveys. of the Florida reefs between' the
Marquesas Keys and Fowey Rocks; this includes supplementary sur-
veys of the channels through the reefs from deep water into the
inside route lying between the reefs and the mainland; also the close
development of the shoal area westward of Key West and southward
of the Marquesas Keys. In gonnection with this the work has been
carried out to the 100-fathom curve. for a distance of 50 miles along
the reefs. (See fig. 12, opposité p. 62.) , |

44, Vessin Courses NortH rrRoM Key WEsr.—Vessels bound: for
eastern gulf ports naturally wish to take the shortest route. If of
light draft, they can cross the Florida Reefs at Key West. The next
channel is between Rebecca 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 Rebecca Shoal channel has been
dragged and has ample depth of water. The bank west of Tortugas
should be dragged, especially as vessels making land from the west-
ward 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. S. S. Ellis, while steam-
ing 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 exist-
ence until struck by the naval vessel, which was severely damaged.
The channel between the keys and the reef known as the Hawk
Channel is important for moderate-draft vessels. It will be neces-
sary to drag the axis of the channel to insure against dangers to
the vessels making use of it, . : :

45.. Care Romano.—This area is in need of surveys. An inspec-
tion of the existing maps and charts of the State of Florida show
Eractically a blank area for that part of the peninsula south of

ake Okechobee. There are but few areas of the United States of
like size about which so little definite information can be obtained.
Northward of this unknown region drainage canals are opening u
the country for development. It is not unlikely the same means wi
be extended southward. At the present time the 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 Cape Sable to Punta
Rosa than is now shown on our charts.  Tourists and land pros-
pectors are now exploring this intricate system of island and water-
ways. (See fig. 12, opposite 1\? 62.) : T

46.. CaarrorTe Hareor.—No recent surveys have been. made of
this area and it should be resurveyed.. (See fig. 12, opposite p. 62.)

47, Tampa Baxy anp ArproacH.—The existing surveys at present
meet t)he needs of navigation of these waters. %See fig.- 12, opposite
p- 62, : . o Lo ;

48. Cepar Krys.~—No recent surveys-have been made of this re-
gi0112. ) Wire-drag surveys are badly needed.  (See fig. 12, opposite
P 49.. AparacuEe Bay.—No recent surveys have been made of this
region and revision work is needed. (See fig. 13, opposite. p. 64.)
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-.50. Insgore Warers, GuLr Cossr.—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 connected 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 por-
tions of the coast, will need resurvéying from time to time. ‘The
Florida and Alabama  coasts differ somewhat, as deep water ap-
proaches 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 places and of erosion in
others.-  Sixty miles west of ‘the Mississippi Delta there begins an
extensive shoal region which is in need of survey. The inshore re-
gion 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 Heald Bank have
shoal depths at a considerable distance from'the shore; and they
should have a thorough resurvey.  Galveston Bay also needs re-
surveying.  (See fig. 13, opposite p. 64.) - - .

51. St. Joserns Bay.—No recent surveys have been made of this
area, and 4 reexamination is needed. ‘(See fig. 13, opposite p. 64.)

'52. OrrsHORE WATERS, FLroripA Ruers o THE MEX10AN 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 reconnois-
sance surveys 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 un-
charted 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 pro-
ductive in furnishing important changes in existing charted depths.
(See fig. 13, opposite p. 64.) . R
/88, PrNgacoLa Bay,—Surveys have recently been completed in the
entrance to the bay; the entire bay requires reexamination. - (See
fig. 13, opposite p. 64.)
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54. MosiLe Bay.—A resurvey of this bay has beéen completed.
(See fig. 13, opposite p. 64.) : ,

55. MississtpPT SoUND.—A resurvey of this sound has been com-
pleted. (See fig. 18, opposite p. 64.) '
56. Laxn PONCHARTRAIN.—-—IIIDI connection with the surveys in Mo-
bile 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. 13, opposite p. 64.)

57. Approacurs To Mississrepr Passps.—The offshore work which
has been in progress westward for the past two years from Mobile
entrance has been carried to a junction with recent surveys north of
Chandeleur Islands, and has been interrupted temporarily to make,
at the request of the Army Engineers, an examination of the ap-
proach to Southwest Pass of the Mississippi out to the 50-fathom
curve. This was nearly complete at the close of the fiscal year. (See
fig. 13, opposite p. 643 f '

58. VERMILION Bay axp Core Braxcme.—No recent surveys have
been mage) of these areas. Surveys are needed. (See fig. 14, oppo-
site p. 66. :

59.p ArproacH TO SABINE Pass.—No recent surveys have been made
here ; revisionary surveys are needed. (See fig. 14, opposite p. 66.)

60. The surveys of Porto Rico were begun when tﬁe island 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 aléng 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 loca-
tion 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 of uncharted projections is a source of danger. Vieques
Sound, between Culébra and Vieques Island, east of Porto Rico, Vir-

in Passage, and the approaches to the harbors of the American

irgin Islands are 1n need of wire-drag surveys. The only work of
this character that has been accomplished here is in the vicinity of
Mayaguez. This work resulted in the abandonment of one chan-
nel and the rebuoying of another. A surveying steamer and two
launches, specially constructed for wire-drag work, arrived July
5, 1921, at San Juan and commenced operations in Vieques Sound.
(See fig. 15, opposite p. 686.) ,

61. Virain IsLaNps—The Virgin Islands 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. It is certain that the coral formation in the waters touch:"
- Ing these islands requires extensive wire-drag surveys before accurate
charts can be issued. Topographic surveys of these islands were

68584—21——>5
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requested - by the*Navgr Department. The triangulation was ex- .
tended eastward from Porto Rico for the control of the topography.
St. Thomas and St. John have been completed and St. Croix was
completed last June. In connection with the wire-drag surveys of
Porto Rican waters, there will be a hydrographic examination of the
water area surrounciing the Virgin Islands to supplement the British
and Danish surveys. : «

- 62. Panama Canar.—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. 16, opposite p.. 66.)

63. Pacrric Coasr oF Tae Uxirep Stares.—The western coast of
the United States is very different from the eastern. Generally
mountainous, with comparatively few harbors or inside waterways,
and with comparatively deep water close to the shore, it presents
little resemblance to thé low shores and wide continental shelf of
the Atlantic. The purpose of the survey is, then, to meet the needs
of vessels approaching from seaward and coasting vessels which keep
to a few comparatively narrow 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
frequent 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 i1slands 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 un-
surveyed.,

A limited amount of work was done yeurs 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 locality
. as Cape Blando, 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. On 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 centers of
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the Pacific.coast: Yet, in spite-of thé immense expendituies for im-
provements, there is not a single one of these harbors the approaches
to - whichi ‘have been adequately surveyed. : The:approaches to:the
Columbia’ River have been sounded for a short distance effshore,
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: remaining
five, on which $3,826,000 have been expended.in: imiprovement, 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 ade-
quate.  (See fig. 14, -opposite p. 66.) : e
64. Los Anowres Harnor.—L1 os-Angeles Harboishould be dragged.
A revision survey of I.os Angeles Harbor and approach was: com-
pleted during the first half of the fiscal year. - - A
65. San Franciso Bav.—San Francisco Bay 1s of varied character
of bottom and needed surveys vary to correspond.. The immediate
approaches are complete except in the: vicinity: of: Farallones..- 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. : Wire-drag work has been carried through the Golden Gate
and inside, both northward and southward of San Francisco to the
limit of the rocky area. The resurvey of the bar outside the Golden
Gate has been -completed. .. Surveys in the southern part of the: bay;
have also been completed and the ravision-of: San Pablo Bay will
shortly be taken up. R LI
- 66. Avongsaore WaTeRs or THE PaciFic Coast Stares~—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. The surveys should be extended seaward 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 been car-
ried 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. Between Point ‘Arena and
- Cape Mendocino the surveys extend a uniform distance of 6 miles
from shore, reaching depths varying from 50 to 600 fathoms. = Addi-
tional detailed surveys should be made in the vicinity of each cape;
and between them the work should be carried seaward to beyond. the
steamer track.  The offshore surveys have been: in progress for the
ast two -years; extending from Point Arena to the northward of
ape Mendocino. A party with a chartered launch made a survey of
the Umpqua River bar. - The necessity for such surveys is shown. by
the location of the hitherto uncharted submarine valley north of Cape:
_ll\glendocino, which was a factor in causing the wreck of the steamer:
ear. I R T R el ep e
.. "From Cape Mendocino northward to the Oregon boundary the lim-
Ited surveys existing made many years ago are entirely inadequate.
A complete survey should be-made at the earliest possible date.:
here are no adequate surveys of the inshore area along the State of’
regon. Of the water off the northern part. of the Pacific coast:
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little is known, except that the Bureau of Fisheries, acting on thé 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. 14, opposite p. 66.) : ‘ Co 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 Alaska. There are many
channels of importance leading to Seattle, Tacoma, Everett, Belling-
ham, and Olympia, and connecting with the inside passage to sonth-
eastern Alaska. All these waters should be dragged wherever there
is the slightest doubt as to the presence of dangers to navigation. |
(See fig. 20, opposite p.68.) o o
68. Steamer Roures, SouTHEASTERN Avaska.—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
past parties have been actively engaged in dragging the main steamer
routes, and this work is now about 70 per cent complete. One of these
arties has completed Stephens Passage northward from Frederick
IS)ound, as well as Gastineau Channel to Juneau, and is now engaged
in Lynn Canal.
69. Trar Oursipe Cosst WaTERS OF THE IsLANDS BORDERING ON THE
Orex Pacrric—These and their connecting channels are largely un-
surveyed and should be navigated with great caution. A navigator
seeing the chart on which the shore line is sketched—no soundings,
several rocks and shoal banks, notes as to rocks and breakers reported,
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 situa-
tion 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 progréss northward
from Dixon Entrance. - Surveys were also in progress in Clarence
Strait and Dixon Entrance.: (‘%ee fig. 21, opposite p. 68.) : ;
70. Cross Sounp to Prinée Wirtiam Sounp.—From Cross Sound,
the northernmost channel from the inside waters to the sea, to:
Prince William Sound, the coast has few features of present or pros-
pective 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
soundings 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:
has some canneries, and additional surveys are needed here on. this
account. (See fig. 21, oppdsite p. 68.) : '
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%1, Prince Winnzam SouNp 1o UNiMax 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 cheéaper transportation.” The: point to
be. emphasized is that this is net an old, settled: country, with its
needs 1n 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 itshbranches need
original surveys. Cordova is the terminus of the Copper River :and
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. Af;ska
Railroad now being built by the Government. The surveys 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 of Cook Inlet.
Not only will this make it necessary for many vessels to navigate
these waters, but there are now very Yarge salmon canneries all along
its shores, as well as congiderable mining. The present surveys are
inadequate, and wire-drag work is needed over much of its area.
Kodiak Island, with a number of canneries and with some ecattle
grazing, is largely unsurveyed. From Kodiak Island westward to
Unimak Pass surveys are now in progress; only a comparatively -
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 an({) 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. Tt is not now practicable 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 universally 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.
Surveys were in progress from Shelikof Strait westward to Metro-
fania Island during the season of 1920. The operations were ham-
pered by a shortage of fuel oil, and with the expectation of a continu-
ance of this shortage and the high price of the oil during thé season
of 1921, it was decided to postpone surveys in this section until an-
other year. (See fig. 22, opposite p. 68.) ) I
72. ArzuriaN Isnanps—The Aleutian Islands have comparatively
little traffic and are without survey. It is necessary that this vegion
‘be patrolled by Coast Guard vessels. The loss of one of the vegsels
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of:thig dervice a few years ago was:wholly due to the lack of ade-
{nate surveys. ‘(See fig. 22, oppositerp. 68.) = oo :
73, BristoL Bay.—A large part of the salmon shipped from Alaska
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 exam-
ple of what surveys mean in a new region, the discovery of an en-
trance to the Kuskokwim River suitable for moderate-draft vessels
opened up an iminense area for grazing, and also in places for gen-
‘eral agriculture; . (See fig. 22, opposite p. 68.) : o
74, NorTON Sounp.—The importance of Norton Sound is due to

the gold mining on'its northern shores and as being the outlet of
the Yukon Delta on the southern shore. In all of Norton Sound
additional surveys are needed. It is curious that in this sound,
which according to all available informationis of quite level, sandy,
or muddy bottom, Besboro Island rises very abruptly to a height of
1,012 feet.  With such an occurrence it is not absolutely certain that
no pinnacle rocks exist. - (See fig. 22, opposite p. 68.) o

_ 75. Berine Sa AND ARrcrio 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. {y See fig. 22, oppo-
site p. 68.) - C ) )
T 6?‘GUA)M'-~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
‘depth ‘that will be certain to include all dangers. In these waters
shoals rise abruptly from %reat depths, and the absence of soundings
on the charts does not imply safety, but simply absence of surveys.

77. HawanayN Isuanps—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
them. In the vicinity of Oahu, Maui, Kahoolawe, and the south
coast ofrMolokai 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 vicinity of the two west-
ernmost islands, Jauai and Niihau, are practically unsurveyed. The
various channels between the islands from Taui to Oahu .are fairly
well surveyed. The others are practically without surveys. (See-
fig. 28, opposite p. 70.h . . o

78. PaiLrerine Istanps.—The Philippine Islands are composed of
not less than 3,000 islands and islets covering an area of approxi-
mately 150,000 square miles, and 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 8'miles long, is approximately 10,850 miles, or about the same ‘as
that for the entire Atlantic coast of the United States, including the
islands. ' The unsurveyed hydrography covers a large area on ac-
count 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 unsurveyved regions are as follows: The northeast:
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coast of Luzon from Polillo Island northward to Aparri; the region
off the north coast of Luzon, includil}lgg the Babyan Islands, Balin-
tang 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 Tubbathaha Reefs south to the limit-of our pos-
sessions off the coast of Borneo. (See fig. 24, opposite p. 72.)

79. NorrHEAST Coasr 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 naviga-
tion, the execution of the work is being delayed until more import-
ant 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 Vincente,,
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.
24, opposite p.- 72. o

'80. Orr Norrm Coast or 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 undertaken during the period when the typhoons are less frequent.
(See fig. 24, opposite p. 72.)

81. West aNp Easr Coasr or Pavawan.—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 extending southward to Balabac Island, Bang-
uey Island, to Cagayan Sulu, and off the north coast of Borneo:con-
sists of coral reefs, many small islets, and innumerable hidden
dangers to navigation. L'o the westward of Palawan, reefs and dan-
gers 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. 24, opposite p. 72.)

82. Wesr Coasr oF Minpanao.—This island is of little commercial
importance due to the absence of harbors and having a rugged moun-
tainous 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. For these reasons the surveys now in progress
have been postponed for more important localities.

83. Sourm Coast oF Minpanao.—This stretch of about 160 miles,
from Pola Point to Malita in Davao Gulf, is similar in many respects
to: t.ae west coast. In general, it is bold and steep, with numerous
outlying 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,
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_the shore line being invisible from the peaks and ridges but a short
distance back. , _ :

84. Suru Arcmireraco.—This region, about 75 miles wide, ex-
tending in a southwesterly direction from Zamboanga, on the south-
ern 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. 1t requires a survey of the most careful and intricate
character, 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 expected 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. 24, opposite p. 7 23

85. Suvru Sea.—The northern end, as far south as the Tubbataha
Reefs, except certain small area, has been surveyed with a fair de-
gree of accuracy, but owing to the coral formations, where hidden
dangers frequently exist, wire-drag sweeping will be necessary in
selected passages. A large part of the region to the south of the
Tubbataha Reefs remains unsurveyed except for a reconnoissance
‘with approximate locations by navigational methods. A survey of
this area is now in progress. Numerous rocks and reefs dangerous
to navigation are scattered throughout the sea, but certain well-de-
fined passages have been examined with sufficient accuracy to make
'nagigittion through them reasonably safe. (See fig. 24, opposite
Pp. 72. . ,

MAGNETIC WORK.

Osservarories,—The ‘five observatories now in operation are not
adequate for an extensive and detailed magnetic survey of the
United States and outlying territories. This was clearly evident
during the last few years in our efforts to secure sufficiently accurate
data to reconstruct the secular change lines on the new isogonic chart
for 1915. The lack of personnel for field work was partly responsi-
ble for this, but even if the usual number of observers had been in the
field, the results of the recent unusual change in the secular variation
would not have been so readily apparent or so precise as would have
been the case had a magnetic observatory been in operation some-
where in the northwestern part of the United States.

In the outlying territories still greater areas are without adequate
facilities for registering the magnetic variations. Ispecially im-
portant are the Canal Zone and the region of Guam which lie directly
In the path of two most important trade routes. N

F1ep Work.—In planning the field work for a magnetic survey of
the United States it was decided to establish one station at every
county seat, and the work has been carried on with this end in view.
At present there are about 175 county seats to be occupied. Ob-
servations have been made at slightly over 7,000 land stations i . the
United States and outlying territories, Reestablishing stations that
have been destroyed and occupying stations in newly incorporated
counties is work of a continuous nature. ' '
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- Throughout the United States there are a great number of locali-
ties which are magnetically disturbed and which ‘require additional
observations at auxiliary stations in order to be able to represent
‘them even fairly accurately on our isogonic charts. From the view-
point of the practical engineer it is as important to know the mag-
netic declination dt points 1 or 2 miles apart-in a disturbed region as
it is to know it at points 50 miles apart in a region that is undis-
turbed. Special observations to determine the extent of locally dis-
turbed. areas have been made at about 156 places in the United States
‘and outlying territories. A glance at the isogonic chart will show
that there is still a great amount of work to be done before these
regions aré all investigated. ' S S

Observations. for secular change during the past few years have
been so few that the 1920 edition of our-isogonic chart has been de-
layed until additional data are received. Another phase of field
work is the investigation of secular change in regions of local dis-
turbance, Only a very limited amount of data is available for a
study of this problem. = A systematic survey for this data is a matter
for future consideration and may involve more labor than antici-
‘pated. Another subject for future consideration, no less important
than those mentioned abaove, is the magnetic survey of the coast line.
At present this is lacking in detail because most of the available data
have been obtained only as opportunity offered during the progress
of other work. ‘

TIDAL AND CURRENT WORK.

The first stage of the tidal work for the coasts of continental
United States may now be considered as completed, so that very
accurate and extensive tide tables are being furnished the American
navigator. Although the harmonic analysis, which is made use of in
the prediction of tides, has not yet reached a state of perfection, fur-
ther study of the method may be made from the observations at the
representative principal tidal stations maintained for other purposes
by the Bureau at the larger ports along the coasts, and the annual
tide tables issued by the Survey have been brought to a standard
ranking well with the published tables of any other nation, .

‘More detailed tidal and current work in connection with the de-
velopment of the principal harbors of the United States is required
for the purpose of furnishing necessary data to engineers. charged
with this development, both for commercial and military and naval
purposes.. The .port of New Yark is greatly in need of such system-
atic and detailed tidal and current surveys, both for the use of the
mariner in furnishing him more accurate predictions for the berth-
ing of large vessels.in that part:of the harbor where strong currents
make it hazardous, and at times impossible, to berth a large vessel
except very near to the times of slack water, and also for the use of
Federal engineers charged with the efficient and economical expendi-
ture of Jarge sums in the development of this harbor. A. beginning
has been made so far as funds would permit, by securing from time
to time current and tidal observations seattered over the harbor; but
the problem complicated hy: the harbor being made up of: a bay, a
tidal river, and two straits connecting independent tidal bodies made
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‘and accurate results can possibly be reached. - C

Such systematic tidal and current surveys have not been made in
any of the harbors of the United States and should be carried out in
the order of the commercial and military importance of the different
ports, beginning with New York. Lo

In the matter of currents it can not be said that even the prelimi-
nary work has been completed. Observations are not only necessary
in the different harbors, but along the coasts, so that current tables
for the use of the mariner may be built up.

At present the Survey is making predictions of times of slack
water at only five places on the Atlantic coast and four places on the
Pacific. These predictions are of tidal currents only and even less
has been done toward the predictions of currents due to winds.

The Survey has made use of every available means for securing
observations for the study of current conditions along the coasts.
It has secured the cooperation of the Lighthouse Service and mar-
iners in securing information on currents. What is now needed sre
short series of current observations made by a Survey vessel at des-
ignated vital points between light vessels which will link together
the observations made at these light vessels. : "

The methods used by the Survey in the observation and reduction
of currents are such that from the same set of observations the wind
currents and the tidal are deduced. :

Under physical oceanography, comprising miscellaneous ocean-
ographic observations and computations for the purpose of furnish-
ing information relative to densities, temperatures, ocean currents,
and related matters to navigators, engineers, and scientists, very
little has been done and much is required to bring our state of
‘knowledge and amount of information to that of other even less im-
portant nations. At our door is the Gulf Stream, a study of which
1s one of the most important items in oceanography which should
be continued by the Survey. Considerable work of a reconnois-
sance nature was done a number of years ago by the Coast and Geo-
detic Survey in this important field, but lack of funds has not per-
mitted further work. .

At present observations of densities and temperatures are being
secured at four of the princi(g)al tidal stations maintained by the
Survey. These will be extended during the current fiscal year to
cover all principal stations. - : o

In the matter of tidal bench marks it is evident that the goal to be
aimed at is the establishment of one or more bench marks at each
important place on the Atlantic, Pacific, and Gulf coasts of the
United States. The most economical method, however, to accom-
plish this is in connection with hydrographic surveys and ‘it is this
system that the Bureau is following. o

At a number of points the Survey has for many years been ‘estab-
lishing bench marl?s along the coasts based on long series of tidal
observations at its principal tidal stations, and the time has come
when these stations, many of which have been discontinued, should
be visited and new bench marks established where old ' ones have
been destroyed. 'The only work being done along this line is that at
‘'stations which are at present in operation, and there remain-all old

Tnecessary simultaneous observations over the area before conclusive
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stations yet to be leveled and new marks established. This impor-
tant work should not be delayed longer, for these bench marks pro-
tect, in many cases, long series of tidal observations costing many
thousands of dollars and the duplication of which would require not
only many thousands more but many years.

To the present time new bench marks have been established and old
ones releveled only in connection with other survey work, and while
this makes for economy and will be continued there is also great
need for a special tidal bench-mark party for reestablishing of
bench marks at stations that have been discontinued. At any one
station this work will be necessary-only every 5 to 10 years.



CHAPTER TII.
'PROGRAM FOR CURRENT FISCAL YEAR IN THE FIELD. -
"' GEODETIO WORK.

The precise traverse started in Wisconsin during the fiscal year
1921 will be completed to Duluth, Minn., where a connection will
be made with the triangulation of the United States Lake Survey.
This traverse in Wisconsin will then be extended southward and
westward from Ladysmith to La Crosse, on the Mississippi River.
This is a line of traverse which will eventually be extended across
the southern part of Minnesota and in the northeastern part of
South Dakota, where it will connect with the ninety-eighth meridian
precise triangulation.

Precise leveling will be begun in the spring of 1922 following the
line of precise traverse from Green Bay to Duluth.

Triangulation will be extended in Oklahoma, Texas, and New
Mexico to complete an arc which will extend from the vicinity of
El Reno, Okla., to Williams, Ariz. Triangulation will be begun
on the arc which will extend from the vicinity of Pecos, Tex., north-
ward into Colorado. This line will run through eastern New Mexico.

Precise leveling will be run in the State of Oregon from Port-
land, Oreg., to Wallula, Wash. This line will connect two of the
main lines of precise levels of the country. Another line in Oregon
will be run from Bend to Prineville.

Precise leveling will be run from the vicinity of Green River,
Utah, to Halls Crossing, thence down the canon of the Colorado
River to Lees Ferry, and from that place southward to Flagstaff,
Ariz,

A reconnoissance will be made in Montana and Idaho for the selec-
tion of precise-triangulation stations along the boundary between
the United States and Canada.

There will also be made a reconnoissance in northern Minnesota
for the purpose of selecting precise-triangulation stations for an are
along the international boundary.

Precise leveling will be begun in Montana and Minnesota in the
spring of 1922 along the Canadian boundary following the recon-
noissance which will be made during the summer of 1921.

The triangulation along the boundary is part of a general scheme
which is being undertaken by the Coast and Geodetic Survey and
the Geodetic Sgurvey of Canada, looking toward the completion of an
arc of precise triangulation from Lake Superior to the Pacific coast.

In the winter of 1921-22 precise traverse will be run in the State
of Mississippi, extending the line that was begun in the winter of
1920-21.
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- Precise leveling will be done in New York to revise the leveling
which had been previously carried on in that State and to’ make a
connection between certain pieces of existing work. P

In the spring of 1922 a line of precise leveling will be begun neaxr
the Canadian border, in northern New Hampshire. This line is a

jart of a line of leveling which will extend from northern New

ampshire to Portland, Me., and thence along the coast, touching at

Boston, Providence, and other places, to New York City.

‘The determination of the intensity of gravity and of the astronomic
latitude will be made at a number of 'stations in the States of Ala-
bama, Mississippi, Louisiana, and Texas. S

The precise triangulation of Puget Sound will be completed dur-
ing the fiscal year 1922. Precise triangulation will be continued in-
southeastern Alagks to the northward o? Dixon Entrance.

The work in Puget Sound and in southeastern Alaska is part of a
eneral scheme which is being executed by the Coast and Geodetic
urvey and the Geodetic Survey of Canada, working in cooperation.

It is being proposed to extend the precise-trian ﬁxtion system of-
the United States from the vicinity of Puget Sound, northward along
the coast to White Pass, just above Skagway. From that point the
- Geodetic Survey of Canada will extend precise triangulation down
the Yukon River to the crossing of that river by the one hundred and
forty-first meridian, which is the boundary between Alaska and
Canada. 'When this work has been completed, geographic positions
on the North American, or final, datum, will be available for north-
western Canada and for Alaska. This will be of great value to those
enga%ed in surveying, mapping, and charting within the areas men-
tioned.

Practically all of the work outlined above, to be done during the
fiscal year 1922, has been requested by some competent authority or it
is working toward a plan for the completion of the precise control of
the country. :

HYDROGRAPHIC AND TOPOGRAPHIC WORK,

Arvantic. Coasr.—Offshore hydrography.—The steamer Bache
will continue operations between the entrances to Chesapeake Bay and
Delaware Bay, extending the hydrography seaward to the 100-fathom
depth. , .

'Il)‘he steamer Hydrographer will continue offshore hydrography to
the .100-fathom depth off the Mississippi River Delta, eastward to a
junction with the offshore work accomplished by the steamer Ranger
during the past fiscal year. , ’ S

Wire-drag work—0One and if possible two wire-drag parties will
continue wire-drag work off the Maine and Rhode Island coasts in
continuation of the work abandoned in the fiscal year 1920,

Inshore. hydrography and. topography—Lwo parties with the.
launches Mikawe and Hlgie will continue inshore ydrography and
topographic revision along the South Atlantic coast from North
Carolina to Florida. ; N ‘ ‘

Porro Rico axp Virein Isuanps.—Wire drag and hydrography.— .
The steamer Ranger, with wire-drag launches, will continue dragging
the navigable waters between Porto Rico and the Virgin Islands. and -
will make a close hydrographic survey of the harbors and ap-
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proaches of the Virgin Islands. All topography has been completed
in these localities and only such additional triangulation will be done
as may be required for the determination of signals for use of hydro-.
graphic parties.. . . c
Pacrric. Coast.—Offshore hydrography—The steamer Lydonia
will continue offshore hydrography seaward to a. depth of 1,000
fathoms off the California coast in the vicinities of Cape Mendocino
and Cape Blanco, and, if possible, on the southern California coast.
Inshore hydrography.—The steamer Natomg will endeavor to com-
plete the survey of San Francisco Bay and tributaries, Hydro-
graphy and topography will be undertaken in Puget Sound and
tlg{c)utaries during the winter, if personnel and equipment are avail-
able. . v ' ST TR
SouTHEASTERN ArAska—O ffshore hydrography.—The.. steamer
Surveyor will continue on the offshore hydrography and original
topography and hydrography upon which. she was engaged during
the past fiscal year. It is contemplated that this work will be con-
tinued without interruption to Cross Sound, as much work as possible
being accomplished each year. e SEREEIUEITON S
Wire drag, inside hydrography, and topography—The steamer
Eaplorer will continue wire-drag operations, primary triangulation,
hydrography, and topography northward to the head of Lynn Canal
and thence down Chatham S}t]rait and through Icy Strait and Cross
Sound to the Pacific, thus completing the main steamer thorough-
fare through southeastern Alaska. Primary triangulation will be
carried by this party only as far as the head of Liynn Canal. ,
It is planned to equip the steamer Wenonah for wire-drag opera-
tions and have this vessel assist the Zaplorer in the work outlined
‘above. On completion of the main steamer. route through south-
eastern Alaska, both vessels will then engage upon dragging the less-
frequented steamer routes in southeastern Alaska, taking up the.
various passages and waterways in the order of their importance.
Primary triangulation—During the past fiscal year the Bureau
has, for the first time, undertaken primary triangulation as an ele-
ment of combined operations from full-powered vessels. This work
has been performed so successfully that it is planned to carry out as:
much as possible of the primary control of southeastern Alaska in:
this' way. ' There are, however, some places where primary" tri-’
angulation can not be economically performed from these vessels,.
and in those places, of which the Dry Strait is one, the primary tri-
angulation will be performed from launches. Tt is planned to have-
one such launch party in southeastern Alaska during the fiscal year.
Purmppine Isnaxos—7'riangulation, hydrography, and topog-
raphy.—Three vessels, the Pathfinder, Fathomer, and Marinduque,.
will operate during the fiscal year in continuation of the projects on-
which they are now engaged. This work will be largely offshore-
hydrography in the open-water areas between the islands and prin-.
cipally in the southern part of the archipelago. - o '
“WesteErRN  Avasxa.—Triangulation, ‘hydrography, and topogra--
phy.—If practicable to do so, the steamer Yukon will be put in com- -
mission during the second half of the fiscal year, and will be em-
}S)ltoyed on triangulation, topograpliy, and hydrography in Shelikof -
raits. ' o T
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MAGNETIC WORK.,

Osservarorizs—The observatories at Cheltenham, Md., Vieques,,
P. R., Tucson, Ariz., Sitka, Alaska, and Honolulu, Hawaii, will be
kept in operation as: heretofore, It is expected that work will be
be%m on the new office at Cheltenham in the spring of 1922.

1ELD WorK.—T'wo parties will be placed in the field in the United
States. Secular change data will be obtained at about 50 stations
in Northwestern and gouthern States. It was not planned to occupy.
any new. localities on account of the urgent need for secular change.
data. It is expected that two or more parties will be placed in the
field in the spring in time to occupy about 50 or more new stations
and repeat stations. This is now possible on account. of the increase
.in personnel. ‘

TIDAL AND CURRENT WORK. k

In order to utilize fully the series of systematic current observa-
tions made on the different light vessels on the Pacific coast during
the past two years in the building up of satisfactory and usefubl
current tables for the use of the coastwise mariner, short series of.
current observations should be made along the sailing lines between
these light-vessel stations for the purpose of linking together the
current conditions along the whole coast. During the present fiscal
year it is proposed to make a beginning of this work along a part of
the Pacific coast by utilizing one of the Survey vessels for about
two months between survey seasons. While this addition to the
regular program of tidal and current work will necessitate a curtail-
ment of other very important normal activities, it is thought that the
vital information obtainable should not be longer kept from the
mariner to assist him in keeping his vessel from the rocks along a
coast where the current conditions are most complicated.

Principal tidal stations, representative of the tidal conditions
along their different stretches of coast, will be continued at the
following places: :

Portland, Me. Cedar Keys, Fla.
Boston, Mass.: Galveston, Tex.
Delaware Breakwater, Del. San Diego, Calif.
Baltimore, Md. San Francisco, Calif.
Fernandina, Fla. Seattle, Wash.

Key West, Fla, - ‘ Ketchikan, Alaska.

The tidal station established at Anacortes, Wash., during the past
fiscal year for the purpose of defining a mean sea-level datum for:
connecting the Canadian and American precise leveling will be'con-
tinued during the current fiscal year. o ’ )

For purposes of this Bureau and for use.of the Weather Bureau in
its hurricane warning work an automatic tide-gauge station will be
‘established at Charleston, S. C. After this station has been in opera-
tion for a year the tidal station at Fernandina, Fla,, will be discon-
tinued, so that this will entail practically no added expense.

_The principal tidal station at Philadelphia, which was discon-
tinued during the past fiscal year for reﬁmrs to the dock on which it
Is located, will be reestablished during the current fiscal year. ,
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In order to carry out the field work on currents at intermediate
stations on the Pacific coast as previously outlined, it has been found
necessary to curtail somewhat the current work on the light vessels
on both coasts. On the Atlantic coast observations will be continued
only on Nantucket Shoals and Diamond Shoals Light Vessels for the
full year and at Charleston light vessel for a few months, until a
short series of observations are made in the immediate entrance to
Charleston Harbor, so that predictions for this port may be included
in the new current tables which will be issued for the year 1928. On
the Pacific. coast current observations will be discontinued tempora-
rily at all light vessels except Blunts Reaf. Observations on all these
vessels on tie Pacific coast, however, will be again taken up when
the Survey vessel begins observations at intermediate points along the
coast. :

In order to maintain a fixed zero of stafl, a most essential matter
in securing a long series of tidal observations, tide staffs of standard
design with special backing piece, cap, and stop have been designed
during the past year and instdllation made at three of the principal
stations. It is a part of the program of tidal and current work for
.the current year to install these standard staffs at all principal sta-
tions maintained by the Survez. ' )

Datum planes for the use of the engineer and the mariner, based
on tidal definition, are the only ones which lend themselves to coordi-
nation of surveys widely distributed and brought together, The Sur-
vey has for many years by means of its principal and subsidiary tidal
stations established bench marks and is furnishing to engineers in all’
parts of the country descriptions and elevation of such bench marks
based on mean sea level. Since an accurate determination of mean sea
level can be obtained only from a comparatively long series of tidal
observations; the value of such bench marks and the importance of
their preservation is very evident. A large number of important
bench marks determined by long series of observations at stations
which have been discontinued are ini danger of being lost. While the
present modest appropriation will not permit of maintaining a level
party to visit all stations and save all such bench marks from destruc-
tion, it is planned to visit and level as many as possible during the
current fiscal year, beginning with the most important ones.

Because of the destruction by fire of the principal tidal station uf
Fort Hamilton, N. Y., the Survey is not at present maintaining o
station in New York Harbor. tlowever, through cooperation with
the United States Army Engineers, who are operating a number of
gauges in this region, tidal information for this important harbor
1s being secured and kept up to date. Arrangements have been made
with the Engineers to take over one of their stations upon their dis-
continuing tidal work here. ’



Pa;t IV.~DETAILED STA‘TEMENT OF FIELD WORK
HYDROGRAPHIC AND TOPOGRAPHIC WORK,F A'i‘LANTIC COAST.
MASSACHUSKTTS.

[W. C. HoDGKINS.]

The work of the field station consisted largely in supplying information in
regard to charts and other nautical matters to the yachting and general mari-
time public; also in supplying charts and publications to the several sales
agents as necessary to enable them to meet extraordinary public demands upon
their stocks. A fairly large number of such publications was also disposed of
by .direct sale to the public, some seeming to. prefer to deal du'ectly with the
Bureau when aware of the establishment of the fleld station.

In addition to the strictly maritime information furnished ‘as stated many
inguiries in regard to other activities of the Survey, and also of other Govern-
ment bureaus, were: received and answered as fully as the avuilable mforma-
tion' would permit, = ¢

“Frequent calls from the Army, Navy, Coast Guard and other public services
for copies of our charts and publications haye been honored ‘so far as possible.

From time to time, and from various sources, information has been collected
for the correction or improvement of the charts of this inspection’ district and,
when deemed of suﬂicient Importance, this has been communicated to the olﬂce
at Washington.

The speclal incident of the year has been the establishment of a new tidal
gtation at South Boston. That station, situated on Commonwealth Pier No. 5

. by the courtesy of the Massachusetts Department of Public' Works, is supplied
with an automatic gauge, of the customary Coast Survey pattern, and has a

" specially ‘designed float tube of steel provided with a conical base of cast iron,
through a small aperture in the apex of which the sea water ﬂnds entrance to
the tube.

‘Preliminary steps toward the establishment of the tide station were taken in

_the winter months, but it was not until May 3, 1921, that the gauge was put in
opeiatlon Since that date, it has functioned thhout interruptlon or serious
mishap.

"Lines of spirit levels were run from the gauge to bench marks of the city of
Boston and of the Navy Department in other parts of South Boston in order
to have permanent marks ot reference for the tide planes.

The clerk attached to the field station, since the establishment of the new tide

-gtation has acted as tide observer and has also observed the density of the sea
water at the station,

MAINE, MASSACHUSETITS, NEW YORK, AND PENNSYLVANIA,
{H. A. MArRMER.]

Between April 22 and May -8 an inspection was made of the tide stations at
_Portland, Me., Boston and New Bedford, Mass., New York Gity, N. Y., and
Philadelphia, Pa

From: New Bedford Pollock Rip Slue Light Vessel was visited and an in-
Spection made of the instruments and methods. used. in current observations.

NEW YOBK
[IBAAC WINSTON 1

- An’ officer of the Survey has’eontinued on duty as inspector in chargé of the
New York field station. The dutles of’ inspector include those’ of 4 chart agent

68584——21—-——-6 81
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for the publications of the Survey and agent for the sale of publications of the
Bureau of Lighthouses. During the year 3,685 charts were sold; 776 charts
were furnished for official use of the Army, Navy, Shipping Board, United
States district attorney, and other officialg; 2,588 calls were made in person, by
letter, and by telephone for charts and publlcatxons and for information,

An mspectxon was made of the motor launch Eisie II7, in company of the
officer in charge of the section of vessels and equipment, and repairs were ar-
ranged for and made under the direction .of the inspector until the arrival of
the cénef of party and the transfer to him of the launch and equipment cu
July 27

Tide and current observations were contmued in New Yoxk Harbor durxmr
the season, and every possible assistance was rendered in installing a self-
registering tide gauge at Port Newark, N. J,, and a tide observer was furnished
for the tide gauge in the Harlem River for a short time.

Proposed locations of tide gauges by the U. S. Engineers in the Rast
and Harlem Rivers were reported to the office, and an inspection of certain loca-
tions was made in company with the reple%entatlve of the section of tides and
currents,

Permission was secured from contractors oper: atmg dredges in the East Rwer
to make current observations from their floating plants,

An uncharted rock in Kill Van Kull was reported and request was made to
have its position determined.

Three chart agencies in New York City. were inspected, and mventories were
made of their charts and publications.

- Minor repairs were made to the tide station at F01t Hamilton, and a new
tide gauge was installed in December. The total destruction of the station by
fire was reported a. few days later. A visit was made to the office of the
U. 8. Engineers at Albany, N. Y., in order to secure data for correcting the
charts of the Hudson River. A sketch of the triangulation of the upper part
of the Hudson River and the coordinates of the station were also secured and
forwarded.

Fifteen piers under conqtluctlon by the city in the narrows on the Staten
Island shore were located on the chart.

The times and heights of the. tides at pier “A” and the barge office for the
period September, 1920, were tabulated for.comparison. A tabulation showing
the location of the stations for tide observations inade by the city from 1885 to
date was prepared giving dates of occupation to indicate the tidal records -
"available for discussion. The summation of the hourly heights of the tides.at
San Francisco, Calif,, for 1905 was partly completed. ‘

The clerk of the field station was detailed to assist the officer in charge of
the Coast and Geodeti¢ Survey exhibit at the National Motor Boat Show held in
New. York, December 10-18, to install and care for the exhibit, and the in-
spector attended on several evenings to aid in furnishing information. Every-
thing possible was done .to make the exhibit a success. . The field, station was
removed from 428 to room 503 in the customhouse. An officer of the Survey,
in addition to the inspector, was on duty at the field stution, e\cept when
absent on leave, until the end of December.

Tide-gauge readings from the records of the <U. 8. -I]nguleelb office were
copied, and tide curves were plotted from the U. 8. Engineers’ records of gauge
readings at nine stations in New York Harbor and transmitted to the office at
Washingten. Data for the correction of charts weie compiicd. and furnished.
Material and instruments for the vessels of the Survey were inspected and for-
warded. Apparatus for observing currents was pldced on the Harbor Channel
and Stickland Lightships. Times of tides at Governors Island, Sandy Hook, and
Hell Gate Ferry, Astoria, were compiled and furnished for publication. - ‘An
investigation was made and consultation held with the chief of the division of
tides and currents with a view to planning simultaneous observations of currents
at a number of stations in' New York Harbor in c¢ooperation with the U .S. Engl-
neers. The Assistant Secretary of Commeérce inspected the station on May 19.
The Director of the Coast and Geodetic Survey inspected the station on June 8. -

[G. T. Rupn.]

On October 7, 1920, an officer ploceeded to New York City and conferred with
the inspector at the New York field 'station with regard to the tidal and current’
survey of New York Harbor and the work of the city engineers in regard to the
engineers' tide gauges at the two ends of Harlem River. Afterwards a confer-
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ence wus had .with the chief of the Coast and Geodetic Survey party. engaged in
tidal and current surveys in New York Harbor.
It was found that the pipe necessary for the establishinent of the tide gauges
“in Harlem River by the U. 8. Engineers had not been received. : Consequently
the chief of the Coast and Geodetic Survey party was.furnished with two.Coast
and Geodetic, Survey automatic tide gauges and instructed to proceed with the
survey in Newark Bay, thus allowing more time for the completion of the engi-
neers’ tide gauges in the Harlem River., The Coast and Geodetic Survey party
was inspected on: October 12, the records examined and :found to be in good:
condition. While it was impossible owing to congestion of traffic in the East
River to locate all current stations in mid-channel exactly as contemplated in
the instructions for this work, this has been done as far as possible under the
circumstances, It is commendable that this work has been carried.on in a-
locality such as the East River and Hell Gate without an accident or damage to
the equipment.
On completion of the above work the mbpectino officer proceeded to Boston,
Mass., and. conferred with the inspector of the field station .at that place,
with the U. 8. Engineer Office and the city engineers in regard to the establish-
ment of a prineipal tidal station at that port, and also in regard to any tidal
or current. observations in progress. or completed. In regard to the matter of"
a .favorable location for:a principal tide station, it was found that the State
engineers had been .operating at intervals an automatic tide gauge of their
own design on Commonwealth Pier No. 5, but. that the operation of the gauge
had been discontinued. This station could be secured for the purpose of:
installing a Coast and Geodetic Survey automatic gauge, :
. Automatic tide gauges have: been run. at times by the city engineers, metro-
politan: State engineers, and Tederal engineers at Moon Island, Deer Island,
Ch?irles River Dam, and at the navy yard. No .current observations huve been
made,
The officer of the Coast and Geodetic Survey returned to Waslungton, October
15, -and resumed his duties as chief of the sectnou of tides und currents.,

LR. I AULD.]

SUMMARY OF RESULTS-——FPhysical hydrography : 26 current statlons occupied; 8 tidal
stutions established. : ' : .

The work: of making a tide and current survey of New York: Harbor and
Newark Bay in continuation of the -survey begun in 1919, was taken up in
accordance with orders dated July 21, 1920, -The chief of party arrived in’
New York .on:July 28, and. arrangements were made with the inspector: of the
New York fleld 'station for completing repairs to the launch BElsie I1I, and from
that date -until August 19, 1920, repairs to launch and organizing the field
party were.in progress. A field officer assigned to the party reported on August
18. On the following day a trial run was made with the launch.  -Before
begmning the work of the current sur\'ev, seqrch was made f01 Qa leported m(-]\‘
in' Kill ‘Van Kull.

By the end of August 2 cuu ent stations were occupied in hust River. A
subparty was placed on board the drill boat of the New Jersey Shipbuilding &
Dredging Co. operating. -off Twenty-third. Street. Only a partial record -was
obtained by this party, due to the fact that the drill boat had to be moved a -
considerable distance with the-aid of tugs.  Various difficulties were encountered
by this party, as equipment had to be shipped from one end of-the'boat to the
other at each change in direction of the current. The remainder of the
party on the launch Flsie occupied-a station in the channel on the west side of
Blackwells Island simultaneously .with the pavty on the drill. bhoat. .The
combined party, however, proved too small to observe two stations at-once, as
all.members had. to actually stand a continuous watch for: the whole- period

- of 25 hours. The dangers of the work made this a -too great physical and.
nervous strain; It -was later found possible to inake. observations. from. the
" launch at all places where dredges were operating in the East River. After
the two initial stations were occupied in the 1iast River the base of operations
was transferred to:the part of Long Island Sound between IExecution Rocks
Light and Throgs Neck. Tide staffs were established at New Rochelle, xecu-
tlon Rocks Light; and Elm Point near Little Neck Bay.. Excellent weather
conditions ‘favored the work at the stations near Execution- Rocks. Light,
Manhasset Bay, Little Neck Bay, and between: ’]_‘hmgs Ncel\(m\d Willets Point .
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No unusual conditions were encountered  at these stations, and the - party:
gained experience for the more hazardous stations in the East River.

Work in the East River might be considered as beginning with the station be-
tween Rikers Island and Barretto Point. A drill boat of the New Jersey Ship-
building & Dredging Co. was engaged in blasting a ledge of rock-in the centér
of the channel. Advantage of their position was tdken by anchoring the launch
about 500 feet to eastward of them in the axis of the channel. From this
point——that is, between Rikers Island and Hunts -Pond—to the Battery the
traffic in the East River is wvery strictly ‘regulated by the War Department
through' regulations issued by the Corps of Engineers. Violations by tug
masters were reported by inspectors on the dredges and drill boats and re-
sulted in fines and loss of licenses, so that traffic exercised due care and
caution in the vicinity of dredges, dynamite boats, and the launches of the
Corps of Engineers. In order to inform passing craft as to the nature of the
work, a large sign was carried on either side of the launch. ‘' These' signs
were approximately 4 by 8 feet, made of white oilcloth bearing the caption
“U. 8. Coast Survey” in black letters about 8 inches in height; beneath were
the words “ At Anchor” in red letters about 14 inches in height and a warn-
ing “Xeep Clear” in black letters about 8 inches in height at the bottom.
The special Coast Survey day signals and night lights were also carried. The
light: at night, however, proved to ‘be confusing to traffic, especially the larger
and faster boats. The green ‘lights could not be separated the maximum dis-
tance, and doubtless at a distance were mistaken for one light. Fortunately, the
launch ‘was equipped with an excellent whistle, which when operated ‘with ‘80
to 100 pounds of alr pressure could be distinetly heard at a distance of a mile
or more. When a vessel seemed in doubt of the launch’s movements four
blasts of the whistle served as a warning. This signal was regularly used
by all the floating ‘craft, such as dredges, drill boats, pontoons, etc., and was
well understood by tug masters and pilots to mean to either slow down or:
use caution in passing. In the lower East River, where traffic was too" dense
to be continually on the lookout, use of the Coast Survey signals was dispensed
.with entirely, and two red balls by day and two red lanterns at night were used.
Thereafter very little trouble was experienced with passing craft. Only in
Newark Bay, where the tug masters stubbornly chose to dispute the right of
dredges, etc., to restrict the channel, was any serious difficulty encountered.

Stations in the Bast River were occupied as follows: Throgs Neck, Barretto
Point, Lawrence Point, Bronx Kill, west end of Hell Gate, between Blackwells
Island Light and Hallets Point, west side of Blackwells Island, east side of
Blackwells Island, off Twenty-third Street, New York; off Brooklyn Navy
Yard; under Brooklyn Bridge; north end Buttermilk Channel; between Gov-
ernors Island and the Battery, and in Newtown Creek. S e

Pollowing ‘the completion of observations in the East River on October 15,
1920, a day was spent making some repairs to the tide station at Fort Ham-
ilton, under the direction of the inspector of the New York field station.. On
October 18, 1920, the party proceeded to Newark Bay, and pending the arrival
of an automatic tide gauge from the office was engaged in establishing a plain
staff at Greenville, between Jersey City and Bayonne. Permission was ob-
tained from the Submarine Boat Corporation to use & house and well at the end. -
of their dock, where a tide gauge loaned by the Coast Survey had formerly
been established. ‘The party returned to: New York, secured a tide gauge, and
with the assistance of the inspector the gauge was put in operation on October
- 20, 1920. The services of a field engineer for the Submarine Boat Corporation’

were secured to look after the gauge and note the staff readings on the mari-
gram. Frequent inspections of the gauge were made by the current party.
Beside the tide stations noted above, an automatic tide gauge was maintained
by the Army Engineers at Shooters Island; plain staffs were also read at Lin-:
coln Highway Bridge, over Passaic River, and at Elizabethport during periods.
of obgervations near those peints. : : '

The  following stations were occupied in Newark Bay and  tributaries::
Entrance to Arthur Kill, below Central Railroad of New Jersey Bridge at
Bayonne; above the Pennsylvania Railroad bridge; near the Junction of.the:
Passalc and Hackensack Rivers, and at points in the Hackensack andz*Passaic«‘
Rivers near the bridges carrying the Lincoln Highway or Plank Road over those:
stréams, No unusual conditions prevailed in Newark Bay, the current in the:
main being fair with the channel. In the rivers a difference’ in the time of
change was rioted between surface and subsurface currents. Traffic in»»Newarkf
Bay is mainly the movement of freight in barges. Some difficulty was ex-
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perienced in avoiding traffic at the station above the Pennsylvania Railroad,
-and one tow which fouled the anchor line necessitated cutting the line to clear.
. Upon completion of work in Newark Bay instructions were received to take
up the work in Harlem River, occupying the stations from Spuyten Duyvil
to the southward. The week of November-8-13 was used to establish automatic
‘tide gauges and do the necessary leveling at Spuyten Duyvil and Willis Avenue
Bridge. Little or no difficulty was experienced with -traffic at any of the
stations. At Broadway Bridge all towns and most small boats use.the southern
<hannel on. account of its being a clear fairway. - But little difference could
be noted in:the current in either channel.- The piers for High Bridge constrict
the channel to such an extent that dangerous velocities are generated . at- that
point. - Traffic uses the center opening .in the middle of - the .river, while
observations were made under the western opening. . It is believed that there is
but little difference in the velocities through these openings. The above station
was the last station occupied, being finished on November 24, 1920.  As it was
necessary to close work on or about December 1 in order to bring the Eisic IIf
south to Baltimore, the rest: of .the month was spent in painting and over-
hauling the launch and in-dismantling the tide stations. The party was dis-
banded with the exception of two officers. ... . : . R
The party during the above season was alded materially by the experience and

-methods of the current party during the season of 1919. The inspecter of New
York field station: was of the .greatest assistance, with advice, in . procuring
information from.the Army Engineers and in communicating with: the Washing-
ton office. : . : o

- On December 1, 1920, the launch Bisie III left- New York. The inspector
accompanied the party to Fort Hamilton, where a new automatic gauge was
installed in place of the one .then in.use some years. The party proceeded to
Tompkingville, thence to Elizabeth, N, J., where:a supply. of gasoline was taken
aboard, . The party arrived.in Philadelphia on December 4, 1920.' A stop was
made here over Sunday, continuing the journey .the next day, and arriving
in Baltimore on December 8, at which place orders were received to continue
to Lewisetta, Va., and there' turn the launch and equipment over to H. B.
Campbell.. At Baltimore an officer was: detached from the party. The launch
‘arrived at Lewisetta on December 10, 1920, and the transfer was made, after
which the chief of party proceeded to Washington, D. C.:

PENNSYLVANIA AND NEW JERSEY.
{L. A. CoLm.]

Under instructions dated January 4, 1921, an inspection was made of the tide
station on the Wilson Line Pier at Philadelphia, and arrangements were made
for. running levels between the tide gauge and bench marks upon receipt of
instruments. It had been intended to discontinue the tide station at Phila-
delphia, but. this intention was recongidered, and.the observer was directed not
to dismantle it but to carry out instructions in regard to Atlantic City. e
.- Upon arrival at Atlantic City on January 14 the rainy weather prevented
work on that day. Levels were run on January 15 and 17, and the gauge was
-dismantled on the 16th. The observer then returned to Philadelphia and on
January 21 completed. the necessary leveling, returning to duty at the Washing-
ton office on January 22. .

DELAWARE. ‘
[H. A. 8BrAN, Commanding Steamer Baohe.}

SUMaiAmf OF RESULTS.—Magneti¢ work: Ship swung for compass deviation at onc
station ‘at sea. " Hydrography: 1,907 square miles of area covered, 2,101 miles run
while sounding, 4,070 positions determined (double angles), 20,720 soundings made, 2
tidal stations established gncluding one gea station), 119 current stations occupled, 2
hydrographic sheets finished, 1: 40,000 and 1:120,00 N

On July 1, 1920, the steamer Bgche was engaged in offshiore and inghore
hydrography off the coast of Delaware from a junction with recently completed
work northward to the entrance of New York Harbor and southward to lati-
tude 38° 28%’. The instructions in regard to the sounding lines directed that
they. to be run at interyals of one-fourth mile out to the 10-fathom curve and
crossed by lines spaced 2 miles apart. Beyond the 10-fathom curve the lines
were to be spaced one-half mile apart to the limit of visibllity of the buoys.
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Beyond the limit of visibility of the buoys the lines were to e run to the 100-
fathom curve, spaced 2 miles apart to and 4 miles apart beyond the 25-fathom
curve. The usual procedure customary for the contl ol of the offshore lines was
to be followed. }

By the close of th¢é season the inshore hydrography was finished from’ lati-
tude 38° 281’ to 38° 50’. The sounding lines on this work were run east and
west. Offshore hydrography within the same limits was ﬁnmhed The offshore
lines run about southeast and northwest. )

The inshore hydrography between the latitudes 38° 34’ dn(l 38° 44’ had been
done by the party of the Isis in 1919. There were three areas within this work
which had to have additional development. This development was made, and
the only important discovery was a 30-foot sounding on the ridge running north-
east -and southwest in latitude 38° 413’ and longitude 74° 453’. The doubtful
30-foot sounding about 2 miles southeast of Indian River Inlet could not:be
verified. Careful sounding in this vicinity gave no depth less than 48 feet, and
it is assumed that the 30-foot sounding was an error on the part of the leads-
man. The spots close to shore between Indian River Inlet and Bethany Beach
on which 18-foot soundings are shown on the present chart were caretully:de-
veloped. No shoaler water was found.

Particular attention was paid to the uneven bottom a couple of miles offshore
and extefiding from the vicinity of Signal Cotton Patch to the southern limits
of the work. ' All the shoals in this area are shown on the present.charts,
although they have moved a little from their former positions. - The work in
one place was carried a little below the southern limits as instructed in order
to finish the development of the shoal about 2 miles east of the I"enwiclx Island
Life Saving Station.

Several lines were run in the vicinity of the wreck, positlon doubtful about 4
miles north of Fenwick Island Light Vessel. While sounding in- this vicinity
the submarine sentry was towed at a depth of 10 fathoms. - There is a long shoal
in this vieinity which may have been caused by the wreck, but this seems rather
doubtful as it is so large. .

The bottom is very uneven along the lines of the survey buoys. A great deal
of development work was done, especially at the northern end. of these.

Hen and Chickens Shoal just off the point of Cape Henlopen was developed
with the launch. The shoalest sounding obtained while making this develop-
ment was 9 feet. The present chart shows three-fourths fathom on this shoal
bhut probably it has been washed away, and the least depth is as obtained by
thig survey. In addition to the regularly plotted lines a number of lines were
run without plotting, sounding in the breakers, etc. Nothing was found.

Several channel lines were run in the deep channel in the immediate vicinity
of the approach to the bay, about 5 miles east of Cape Henlopen. There are
20 to 25 fathoms in this channel and the sounding was done with the trolley rig.
The channel is about 8 miles long and extends southeast flom the Overfalls
Light Vessel.

The instructions of May 26 specified that McCrie's Shoal and Five Mathom
Bank were to be developed on the same projection. In order that no holes
would be left in the work a small triangular space was sounded at the junction
of the three hydrographic sheets, 3079 which is the previous work, 4098 the
present sheet, and the next sheet to the northward. This triangular space is
just west of McCrie’s Shoal.

At the 100-fathom curve quite a pronounced ravine wag found. This ravine
is in longitude 78° 55’ and extends north from latitude 38° 05’ to 38° 15’. This
ravine was crossed with three lines, and a fourth line wasg run just north of it
to mark its limits.

Instructions dated June 23 directed an inspection of the current apparatus
in use on board the Overfalls Light Vessel. This inspection was made on July
20, and a report was forwarded to the office on July 81, The current observa-
tions are receiving close attention aboard this vessel, and to all appearances
they are doing good - work. About the end of September the master of this light
vessel secured material for making a new current line from the Bache.

Paragraph 13 of instructions of May 26 directed that the necessary buoys
for this work be constructed by the party rather than to borrow the navigational
buoys from the Lighthouse Service as had been done in the past. After a
study of the various types of buoys it was decided to adopt a buoy with three
parrels for buoyancy. This work was turned over to one of the officers 10
work out the plans and build. the bitoys. They proved very successful -after
a few minor changes, which experience showed were neécessary. A special report
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on- the construction . and handling of these buoys.was forwarded  to the oftice
on August 13.. Owing to these buoys being directly in the fairway and .not
being lighted, several were:lost in the cburse of the season by ships running
them down, . - : . o

_-These huoys can be handled by the shp, and no time is lost waiting for the
lighthouse tender to plant or shift them, ‘ !

. Their total cost of construction is less than the amount. charged us by the
Lighthouse Service for depreciation on their huoys and the use of the tender in
placing or shifting them. - . .

Their construction by the field party renders the Coast Survey independent
of--the other bureaus, : g ) : o

The officers and men get valuable seamanship information in, handling. them.

The disadvantages in their use are that they can not be made .as stroug as
the navigational type of buoy and ‘probably ¢an not be made strong enough to
stand a whole gale. o .

There is a great deal of wear and tear on the ground tackle of the ship in
handling them, and there is considerable danger of serious accident to personnel
in handling them.. : . »

They can only be handled in smooth weather, and this is the best working

~weather for offshore hydrography, hence the field work suffers.

A set of instructions giving full information for the running of precise dead-
reckoning lines and the final plotting of the soundings was prepared,.to be
used by the officers of the ship. .-A copy of these instructions was forwarded
to the office August 14. :

Instructions were issued under date of August 18 to make a series of tests
of the newly devised sounding tubes. .These tests were .to be made in the
vicinity of the finished hydrography in order to have a check on the soundings
from the actual contours of the bottom as determined in the usual manner.
Two lines from the 15-fathom curve to the 100-fathom curve were run in
making these tests. . One line was run with the ship running at full speed be-
tween soundings- and’ stopping to. take vertical soundings every 5 miles, .the

- other line was run with the ship running at 6 knots an hour and sounding

while under way.  These latter soundings were spaced about 2% miles apart
and so arranged thut every other one was taken in about the same location
as the corresponding vertical sounding on the other line, These tests proved
very satisfactory. . A complete report of these tests was forwarded to the offica’
on ‘September 18. ) . .

Paragraph 11 of instructions of May 26 directed that if possible 50 consecutive
hours of tidal observations be made on Five Fathom Bank with the apparatus
especially designed for this:purpose in the office.. Weather conditions were very.
unfavorable for this work until the latter part of September when a couple
of days of calm sind smooth weather allowed the apparatus to be installed and
the observations made. . A special report of this work, describing the installation
of the apparatus ‘and: the results of the observations, was made and forwarded
to ‘the office on October 13. - o

- By the end of September the hydrographic work had been.completed from the
southern limits of the work to McCrie's Shoal. Arrangements were made for
the closing of fleld work in the vicinity of Lewes and then proceeding to
Beaufort, S. C., to cooperate with the party of the Mikawe in the inshore work
in the vicinity of Port Royal Sound. Instructions directing this change of
base were issued under date of October §. The vessel salled from ILewes the
afternoon of October 7 and arrived at Beaufort, S. C., the afternoon of October
10, After conference with the assistant chief, division of hydrography and
topography, and the commanding officer of the Mikawe, the vessel proceeded to

Savannah, Ga., the morning of October 11.

NEW: - JERSEY.
[H. A. SBrAN, Commanding Steamer Baohe.]

. The instructions issued to this party under date of May 26, 1920, contained
the following: “At Five Fathom Bank tidal observations are desired over a
period of 50 consecutive hours during good weather for use in securing these
. obgervations, a staff and float will be forwarded with description and illustra-
tion of the apparatus and suggestions for installation.,” - . ,

Apporatus used.—A 2-inch galvanized pipe, 33 feet long, in sections:6 feet, 12
feet, 12 feet, and: 8 feet, respectively, was moored so it stood upright, In 27 feet
of water. The 6-foot bottom section wns cast in an 800-pound block of concrete;
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reinforced with wire rope, loops of which were run out on opposite sides: for
fastenings for the lowering lines. A tide staff 1 by 1 inch by 10 feet, graduated
to feet 'and two-tenths, was set in 'd cylindrical float of wood 1% inches 'in
diameter. This float and staff operated inside the pipe, the top of the staff
extending out through a square hole cut in the cap over the top of the:pipe.
Staff was read at the top of the pipe.  Four concrete anchors 2:by 2 by 2
feet, weighing between 1,100 ‘and 1,200 pounds each, and No. 6 galvanized
wire were used in mooring the pipe.. The anchors were a little too light, they
lose about 500 pounds when immersed in water, and any future work should
use anchors weighing or having at least 1,000 pounds effective holding power.
The anchors were placed about 100 feet from the bottom of ‘the pipe just below
the cap ‘and four small sheaves; one for each guy wire, were secured: to-this
flange by ‘wire loops. - (Shackles could not be used in securing these on ‘account
of the leads-of the guys and the small amount of material in the flange.) i The
guys were led through these sheaves and set taut with a fence wire stretcher
purchase, securing each guy back on itself when set up. There was a small
amount of vibration at the top of the pipe, which made the apparatus more
trustworthy as this prevented the float from adhering to the-sides of the: pipe.
It was noted that when the staff was pulled up-above or forced: below: its
flotation level, it took some time for it to resume its normal position. ‘A one-
fourth inch hole was drilled near the bottom of the lower 12-foot section. This
was about 7 or 8 feet shove the bottom of. the- ocean and high enough- to
eliminate ‘any chance of its becoming clogged with sand.
The installing of this apparatus with the equipment of the Bache was, rather
a difficult piece of work, and a number of mistakes were made. 1t was:finally
installed by anchoring a whaleboat with the stern in the immediate vicinity of
the desired location for the staff. The pipe-and block were swung under the
launch, tlie block being about amidships and the pipe extending aft past the
stern of the launch. A line to hold the end: of the'pipe was brought from the
end of the pipe to the stern of the launch and made fast. ' Lowering lines were
made fast to the wire loops on the sides of the'conerete block. The launch ran
alongside the whaleboat, one set of lowering lines were passed to the whaleboat .
and secured, the other set of lowering lines were slacked away. from the launch
until those on the whaleboat had the strain; the block was then directly under
the stern of the whaleboat.” It was lowered away from the whaleboat. The
line from the énd of the pipe was held, and as the block was lowered the end
of the pipe naturally came up out of the water and into position. The pipe
could be held upright from the anchored whaleboat, while the anchors were run
to position and the guy wires, which were free when the anchors were let go,:
brought to the pipe and made fast, setting ‘taut as previously described.: ..
The pipe and staff were placed in position about 2.80 p. m., September 28,
The staff did not work correctly for two hours. The cause of this was probably .
that the float was becoming water-logged or rather watersoaked. during this
time until it had absorbed all it would take. This occupied about. 8 hours.
About 8 or 7 o’clock the tides as shown by the staff were regular; and excellent
observations were obtained. ' Hourly observations were continued until 9. 4. m.,
September 80, when the increasing wind and sea and rapidly falling barometer
made it imperative for the Bache to run for Lewes, -In all, three -excellent:
highs and three excellent lows were obtained. - The range:is practically. the
same as at Lewes, Del.,, time about 1 hour earlier. R .
‘Currents were observed simultaneously with the tides. ’.I‘hese currents are
plotted on the sheet of polar coordinate paper accompanying this report. It is
noted that slack currents occur at about the time of low. water, and- that an,
average current, setting 80 degrees true with strength of 0.5 knots, obtains at-
~ high water. .
The pipe and staff were installed about one-fourth mile 25° true from Buoy 2
TS marking the southern end of Five Fathom Bank approximately in latitude

88° 51’ and longitude 74° 38'.
VIRGINIA AND MARYLAND.
" [H. B. CAM?BELL]
SUMMARY OF RESULTS, ——Triangulation 82.8 square mlles of area covered three. slgnal
poles erected ; nine stations in main scheme oecupied by borizontal measures, 16 geb-
graphlc posttlons determined. : :

Between November 19, 1920, and January 17 1021, the supplemental trangula—t
tion was done at the mouth of the Rappahannock River including the establigh-.,
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ment' of an‘:additional station for' the purpose:of:strengthening the: scheme
already completed by the State Bureau of Fisheries of Virginia. - All angles
were reobserved, and the: eccentricity: of Station Boss. was determined. :This
work was completed by November 30.:: : . : :
Following this work five stations which had been erected by the Navy at the
mouth of the Potomac River and four range buoys and five target buoys were
located by triangulation. A connection was also made between the triangula-
tion in Chesapeake Bay with that in the Potomac River. Unfavorable weather
eondition delayed the completion of this work until January 11, 1921.
. The observations in both 'localities- were made with the T7-inch  repeating
theodolite, and the work was.planned to conform to the requirements of tertiary
triangulation. . On the Potomac signal lights were used in part of the work. ‘A
motor sailer was used for transporting the party from Norfolk. to the working
grounds and in the execution of the work until December 14, when the Elsie IIT
was used exclusively until the completion of the work. -On the completion .of
the triangulation called for the observer proceeded to Hampton, Va., with the
two.launches and laid them up for the winter in accordance with instruetions.

‘VIRGINIA,
C[H. A, 8pRAN, Commanding Steamer ‘Baohe.]

SUMMARY  OF, RESULTS.—Topography : . 10.5: miles .of detailed shore line .surveyed;: 1
topographic sheet finished, -scale 1: 40,000, Hydrogmghy: 826.6 square miles of area
covered; 938 miles run while sounding; 2,624 positions determined, double angles;
16,205 soundings made; 2 ‘tidal ‘stations established; :B1 current stations occupied ;
scale of hydrographic sheet 1: 40,000 and 1: 120,000. > ; i e

Instructions issued February 8, 1921, provided' for a continuation of the
resurvey from northward to the approaches to Chesapeake Bay. ' This resur-
vey had been begun in 1919, but had been suspended during 1920, -

The details are similar to those of previous years. A Survey buoys were to
be placed tnshore dnd fixéd-position hydrography carried from the shore to
the 1imit of visibility of the buoys. The offshore work was to extend from the
limits of the visibility of the buoys to the 100,000 curve. ' B

As the signals in this vieinity had been destroyed it was necessary to re-
build the 100:foot signals on Mink Hill between Cape Henry, Virginia Beach,
and -at Ship Shoal Inlet and to rebuild the 40-foot signals on Smith Island
between Cape Charles Lightliouse and Ship Shoal Inlet before hydrography
could be started. In order to have these signals built by the time the ship
was ready to begin operations, a subparty was organized to work on shore. Be-
tween March 21 and April 18, two 100-foot $ignals’ mentioned above and three
40-foot ‘signals on Smith Island were built. A tide staff was established at
Iisherman’s Island and an automatic. gauge erected at Assateague Harbor on
April 5.. ; R e e ~ »
. Before doing ‘any hydrography the' compasses’ were adjusted and the ship
swung for deviations. The logs were tested and their factors computed. =~ "
" Hydrographic work was begun’'on April 18 and was in progress at the close
of the year. At that time the hydrography had been finished between lititudes
37° 00/ ‘and 87° 08’ and between longitude 75° 15’ and 768° 00", Some spots
needed @ little development in this area. In addition to this, one line was
run to the 100,000-fathom curve and extended to the 1,000-fathom curve :to
test the new sounding machine. This offshore line was along latitude 86° 36'.
The sounding line was placed as follows: One-quarter mile apart, crossed by
lines 2 miles apart, between the shore and the 10-fathom curve; one-half mile
apart from the 10-fathom curve to the limit of visibility on the buoys; 1 mile
apart from the limit of visibility on the buoys to the edge of the inshore sheet;
and 4 miles apart from the limit of the inshore sheet to the 100-fathom curve.
The hydrography was all’ done ‘from the ship except the development of Nau-
tilus Shoal, .. This small amount of work was done with a launch party., Con-
siderable development'is being done, especially in the area between _Oape
Charles Light Vessel and Fisherman’s Island. The bottom .in that vicinity is
quite irregular and broken,' . ; : - :

In order to locate the signals on Smith Island, a plane-table {raverse was
run between Cape Charlles Ol@ Tower and the ship at Ship Shoal Inlet. ~All
the glgnals were tied to this traverse, = . o o
,..;;Theg\nsignal-building party was engaged in bullding signals between Ship

" Shoal Inlet and Hod Island Lighthouse from June 18 to June 80, 1021, Dur-
ing this time one tall hydrographic signal 100 feet hizh was built on Cobb
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Island near the Coast Guard station, and two intermediate signals, one at
the: north. point .of Cobb Island and the other at the.south point of Wreck
Island. ‘These signals are to be located in position, andan attempt: will be
made to recover some of the old tlifm;.,'ulatlon in’the vicinity. ' - B ;

NORTH CAROLINA.

'{J. H. HAWLEY, Commanding Steamer Onward.]

SUMMARY OF RESDLTS.—Triangulation; 102 square miles of area covered, § observing
tripods. and scaffolds bulilt, average height 32 feet, 8 stations in main scheme occupied
for horizontal measures, 1 station in supplemental scheme occupled for horizontal meas-
ures, 11 geographic positions determined. Leveling: 2 permanent tidal bench ‘marks
established, 1 mile of levels rum. Topogmphv : 25 miles of shore line of rivers rum, 1
topogra aphic sheet finished. Hydrographby ;: 189.5 square miles of area soynded, 851 miles
run while sounding, 3,882 dpositions determined (double angles), 31,244 soundings made,
4 tidal stations established, 1 current station occupled, 5 hydrographic sheets ﬁnished
scales 1: 5,000, 1: 10,000, and 1 20,000.

The steamer Onward arrived in the Neuse River, N, C., from Savannah, Ga..
on March 22, 1920 and on March 26 began combined sur veys of Neuse River and
Pamlico Sound in accordance with instructions. The Onward was at Elizabeth
City, N. C,, from July 1 to 16, 1920, undergoing emergency repairs. During this
period the ofﬁcers and crew of the vessel were engaged. in office work on sheets
and records and in miscellaneous ship work. Repairs were completed on the
16th; and on the 17th the vessel left Elizabeth City to return to the working
. grounds. On the evening of the 17th, in the vicinity of Brant Island Shoal
Lighthouse, the vessel became d1sabled by boﬂer trouble and.on the 18th was
towed to Oriental, N. C.

From July 19 to 22, the ship was at Oriental while repairs to her boilel were
being made by the shlps force. She left Oriental on the 22d and proceeded to
New Bern for coal. On July 28 she returned to the working grounds. and
resumed field work.

From July 23 to October. 21 combined qurveys were carried on in Neuse Rlvel
and Pamlico Sound. Until the latter part of September the progress of the
work was very slow, due to unfavorable weather. The work was also inter-
fered with during the entire period covered by this report by the shortage of
officers and. the weakness of the vessel. Details of the work accomplished after
July 28 are given below.

Triangulation station Msaw on Maw Point, estabhshed in 1913, was recovered
and re-marked, and station Brant I. IIT was recovered. The latter station was
found out. in the water, and a new station, Brant I. IV, was established on the
island and located by measured angle and distance from the old station. To,
carry the triangulation eastward into Pamlico Sound, new stations were estab-
lished at Point of Marsh, North Swan Island, and on the point on the east side
of the entrance to Cedar Island Bay, these stations being located from the
line Maw-Brant I. IV. Brant I. Slue Beacon and Cedar Island Beacon: were
also located during the course of this work. A 20-foot signal was erected over
station Maw, and 32-foot scaffolds with 16-foot instrument tripods were erected
over the other stations in the main scheme.

The position of Neuse River Lighthouse, which was included in this scheme,
was found to differ from the position obtained earlier in the season from the
triangulation in Neuse River, and the two schemes were then cohnected by
observing the lines Broad Creek Beacon-Maw and Mid 2-Point 2, the entire
work being recomputed as a continuous scheme stnrting with the line Cockle 2-
Gum Thicket in the Neuse River as a base.

The beacon at the entrance to Oriental Hmbm was also occupied in order to
determine its geographic position. )
Revision of shore l'ne was continued in \Ieuuo River and Pamlico Sound.
On the north shore of the river the shore-line revision of Maw Point was
made, and on the south shore of the river und sound the work was extenderd
from Rattan Bay eastward to Newstump Point in Cedar Island Bay: :
In accordance with instructions dated July 14, 1920, a shore-line revision
of Sbuth River was made, control stations for topogmphv and hydrography
being established by plane-table trianguiation extending from the mouth of'

the river to Eastmang Creek.

The inshore hydrography in the Neuse ‘River was completed’ eastward -of
Brown Creek on the south bank uml eastward from and including Broad'
Creek on the north -bank. After this work was completed the ‘survey of the
western end of Pamlico.Sound was taken up, Jolning the work nr the moutil;'

.
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of the Neuse River this work was extended eastward to overlap the limit of
. previous work extending from: Brant Island Shoal Lighthouse to Camp Point.
To the northward the work was extended up to the southern limit of Brant
Island Shoal west of the slue beacon and across the shoal .to the eastward
of the beacon.

“The survey of Adams Creek and Oriental Harbor was completed and a
hydrographic survey was made of South River in accordance with instructions
dated July 14, 1920.

The automatic tide gauge established at Oriental on March 29 :was contmued
in operation until the end of the season, and observations were also continued
At Neuse River Lighthouse until the end of the season, Additional level
lines were run between the gauge and bench marks at Oriental before the
gange was discontinued.

Tlde gauges were established at Brant Island Shoual Li;,hthouae and Harbor
Island Bar Lighthouse on September 1 and 16, respectively, and continued in
operation until the end of the season, A gauge wuas also established in Coffee
Creek, and observations were obtained during the course of the hydrographic
work -in South River.

A current station at the mouth of the Neuse River was .occupied for 25
consecutive hours,

Field work was d.scontlnued on O(-tobel 21 1920, in accordance with instruc-
tions dated October 15, 1920, and on ()ctober 22 the vessel left Oriental for
Norfolk, Va., arriving on the afternoon of the 24th.

From October 25 to November 22 the ship was at Norfolk, Officers and crew
were ‘engaged in work on.the records and sheets, in packing and listing equip-
ment, preparing inventories, and in miscellaneous. work in preparation for
the return of the vessel to-the custody of the Navy Department.

On November: 23 the ship left Norfolk and proceeded to the Naval Operating
Base, H.lmptou Roads, Va., and on November 26, 1920, was returned to the

Navy.
{R. J. AvLp.]

. On March 31, 19"1 instructions ‘were issued for measuring a base line on the
Cape Fear River, N. C, and to connect with the existing triangulation.

As this work was to be done by the party transferring two wire-drag launches,
but little delay was occasioned in the work. The launches arrived at Southport;
N. ., on April 24, A preliminary reconnoissance was made on the following
day, and several stations were recovered. The necessary materials and supplies
were obtained from Wilmington on April 26,

It was decided to measure the base along the Carolina Beach Rullway in

order to avoid a considerable amount of cleming, and to take advantage of the
supporting surface of the rail;
~ A line was measured starting from station Join established as a connection
in a traverse from Myrtle Sound to Cape Tear River. The base which was
approximately 1 kilometer in length lacked the strength of figure:in the - con-
nection with the ‘existing triangulation which  had been called for in the
instructions.

The expense of choosing and preparing a more favorable site was not felt to
be warranted under the conditions under which the work was done.

The base site was prepared, signals were erected, horizontal angles measured
and leveled during the period from April 26 to May 4, 1921.

The old stations recovered were in excellent condition and fully described
in snch manner as to be readily recoverable in the future.

SOUTH CAROLINA.
{H. A, SpraN, Commanding Steamer Bache.}

SuMMARY OF RESULTS.—Triangulation: 20 square miles of area covered 6 signal
poles erected ; 14 stations in supplcmental scheme oceupled for horizontal measures 20
geogra[ihic positlons determined. opography : ‘40,5 miles of detailed shore line run;

les of detailed shore line ot r vers surveyed 17.8 miles of shore line of creeks
surveyed; 13,7 miles of roads surveyed; 2 topo"mphlc sheets finished, scale 1: 20,000.
Hydrography.: 123.9 milés of area covered ; 700.9 miles run whlle sounding, 2,511 posi-
tions determined (double angles); 25,921 soundlngs made; 2 tidal stntions establis ed;
2 hydlogmphlc sheets' finished, scale 1 : 20,000,

After closing. work in the vicinity of the Delaware (‘upes the stenmer Bache
took up a hydrographic survey of the aren between the inshore limits of the
offshore hydrography previomly done and the shore line, from Tybee Creek:on

.
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Tybee Island to Port Royal Sound and including Calibogue Sound, making: con-
nection at Port Royal with the hydrography of 1916.  The instructions also pro-
vided for a topographic survey, primarily a plane-table traverse, for the loca-
tion of the necessary hydrographic signals, of the same area including the
contiguous islands,

The Bache arrived at Savannah on the evening of October 11. Until October
18 the party was in Savannah engaged in making field projections and gathering
data for the field work. Actual field work was begun on. October 19 with-a
signal-building party. - From that date until December 4 the work was in
progress ‘as weather permitted. On the latter date the work as called for in
isnstuéctions of October 15 was completed and the party moved to St. Helena

oun

For the hydrography of Tybee Roads enough natural objects, consistmg prm-
cipally of lighthouse range towers, were stdnding, and no additional signals were
necessary. k )

The Army Engineers had ‘a scheme of triangulation, including a measured
base, covering Tybee Island. This scheme was connected with the triangula-
tion of Tybee Roads, and a quadrilateral and their signals (40-foot towers)
were used both in the hydrographic and topographic work.

A tertiary scheme of triangulation, consisting of 3 quadrilaterals and a ﬁnal
triangle, for location of hydrographic and:topographic signals. only,  was ex-
tended up Calibogue Sound from the three pomts——-’.[‘ybee Island Lighthouse,
Bloody Point Front Range, and Do.

~ The survey of the outer coast of Hilton Head Island was controlled by the
position of Do at the southwestern end and the position of Hilton at the north-
eastern end, with Hilton Hedad Front Range and Deer as intermediate checks.

The topographic survey was made on two sheets: One covering the outer
coast of Hilton Head Isiand from Braddock Point in Calibogue Sound to the
small creek about 2 miles north of Hilton Head, the other covering the remain-
ing territory as called for in the instructions of October 15, 1920, from Skull
Creek, at the head of Calibogue Sound, to Tybee Creek, Tybee Island, the
southern limit of the work.

The survey of the outer coast of Hilton Head Island on.sheet No. 1 was all
‘plane-table traverse. On sheet No, 2 practically all methods of topographic sur-
veying were used, including sextant-locations of the greater part of the shore
. line on the sheet. The survey of the shore line of South Channel, Savannah

River, from the east end of Cockspur Island to the western limits of the sheet,
was made by the hydrographic party.

The instructions of October 15, 1920, called for a resurvey of the southeastern
coast only of Turtle Island. . ThlS 1sland has changed so much since the previous
survey as shown on the present charts that it was necessary to rerun the entire
island with the exception of the northern shore before a satisfactory connection
could be made.

Few changes were found in the shore line in the balance of the region. Hilton
Head Island has been washed in some degree, and the shore line has moved
inland from its position on the present charts, as has the eastern shore of
Daufauskie Island. Hague Point on Daufauskie Island has been eroded more
than any other point.

Along the marshy shores at the head of Gahbogue Sound, there is a network
of canals and indentations. This shore line is covered at hlgh water, and the
shore line shown on the: sheet is a generalization only of the outer edge of the
grass line. -This applies particularly to the area between May River and
Skull Creek. To really survey this section would require more time than its

importance or need would warrant.
All the hydrography was small-boat work and was done on two sheets corre-

sponding to the topographic sheets,

In accordance with the instructions lines were run at guarter-mile intervals,
with such additional lines as were necessary to develop the shoals and channels.

The results of the hydrographic survey were startling in the changes found.
Tybee Roads has changed so from the conditions as given on the present charts
that new charts will undoubtedly be necessary. - The most recent survey of
the dredged channel from the end of the jetties, Savannah River, to the sea
buoy at the entrance was obtained from the Army Engineers at Savannah and
is submitted with the records.

At the north end of Tybee Island a shoal with 1 foot at the outer end has
extended ‘about 1 mile to the eastward. The northern side of this shoal ap-
proaches the southern edge of the dredged channel very closely. It is thought
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t}mt this shoal will tend to build to the northward rather than extend itself
to the eastward and that unless checked it will encroach on. the dredged
channel Only time will tell whether this is correct. Incidentally, Chart: No.
,440 shows 15 feet of water over the outer end of this shoal.

About 1 mile to the southward of this shoal, a large V-shaped shoal with-its
apex about 1% miles offshore commences. This shoal is shown on the present
charts much smaller than it actually is. Between these two.shoals there is
stretch of fairly deep water, 7 and 8 feet right up to shore. . This is interesting
in that at'the present time a landowner at this point has brought suit against
the Government for damages to this property, washmg away, which he claims
has been caused by the dredging of the channel.

Another remarkable change:is at the southwest corner of: Hilton Head
Island The present charts show little or no water between the island and the

- 'shogls immediately south. The present survey has developed a.narrow:channel
- with 18 feet from Calibogue Sound to the sea following closely the shore line.

The two shoals immediately south of Braddock Point are much larger in
extent, while the shoal immediately -east of the bell buoy. (Bell Buoy No. 2
on Chart No. 440) is'much smaller than the present charts show.

A line of soundings was run from the mouth of Lazaretto Creek to the cut-
off connecting this creek and Tybee Creek, through this cut-off and down Tybee
Creek to its mouth, Fixed positions were carried throughout this line at all
changes of direction. This line gives a. valuable check on the positions of these
creeks and algso hydrographic information in regard to ‘Tybee Creek. The
Present charts show no soundings in this. creek.

The hydrography off Hilton Head Island shows great changes from .that
shown on the present Chart No. 571. Gaskin Bank is much smaller in extent
and has moved to the westward. Joiner’s Bank, off Hilton Head, retains its
general outline so far as that portion of it. whxch bares at low water is con-
cerned, otherwise it also has been reduced.

An excellent connection was made with the 1916 hydrography of Port Royal
Sound although there-seems to be a little more water at the inshore ends of the
offgshore lines than the previous survey showed.

‘The self-reading tide gauge of the U. 8. Engineers on the Whmf at.the north
end of Tybee Island was used for this:work. - The staff .of this gauge is set
with its zero at mean low water—16.71 feet below -Bench Mark No. 8 This
setting was checked by -levels before any observations were made.. The self-
reading device on the gauge reads constantly 0.2 feet lower than the staff,
and ‘a1l observations have been corrected by adding this amount to them. = This
correction was determined by a number of sl 1ultaneous readings on both the
staff and the self-reading gauge.

A tide observer was detailed from the ship, and through the courtesy of Col.
Hiner, Coast Artlllery Corps, commanding officer, Fort Screven, he was subsisted
at that post.

A tide staff was secured to Jenkins Float Post Light, at the head of Cali-
bogue Sound, and daylight observations made on two days. These observa:
tions checked the information given in the Tide Tables for May River Range
as compared with Tybee Island 1.1, time about 1 hour later. In accordance with
instructions of November 22, 1920 the soundings in Calibogue Sound were re-
duced using the Tybee Island gauge directly.

Half-hourly observations were made from 9 a. m., November 22; until 5§
p. m,, November 25, for simultaneous observations with the automatic gauge
established by the party at work north of Port Royal Sound. It subsequently
developed that during this period the automatic gauge was out of order, and
the Tybee Isiand observations went for naught. Fortunately the U. S.
Engineers maintain two automatic gauges in the immediate vicinity of the
Tybee Island gauge, one at the end of the jetties and the other Just off Fort
Pulaski in the Savannah River just below the quarantine station; and the
necessary information can be obtained from that source to make the comparison.

Particular mention is made of the coopex-ation of the U. 8. Engineer
Office in Savannah. This survey: was one in which they were vitally inter-
ested, and they rendered every aid called for. ‘Permission having been ‘given
by the Director, they were allowed to make a copy of the boat sheet of Tybee
Roads.  This boat sheet showed the soundings reduced -accordin® to the pre-‘
dicted tides as given in the Tide Tables. :

‘Through the courtesy of Capt. 0. J. Bond, Coast Artillery Corps, post quarter-
master at Fort Screven, and formerly a ﬁeld officer in the ‘Coast and Geodetic

. Survey, gasoline was secured for the launches several times when the supply

. became exhausted.
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Savannah, Ga., was used as a base for this work, the ship running there for
supplies every week end. This port makes an excellent:base, although docking
facilities are rather limited and some difficulty is experienced in getting per-
mission to lie at a dock on the Savannah side ot the river.. )

Under date of November 20, 1920, supplemental instructions covering the
hydrography immediately south of the entrance to St. Helena :Sound and north
of the finished work of the party of the Mikaive were issued. ~This work was to
be taken up when the survey as called for by the 1nstruct10ns of October 15,
1920, had been completed.

The DBache left Savannah the morning of December 7 and arrived in St.
Helena Sound the same afternoon.  The boat sheet for this work had. been
prepared ‘by the party of the Milkawe, and hydrography was started the next
morning. After two partial days’ work the circulating pump of the launch
engine broke down, and the ship proceeded to Charleston, S. C., for a new. one,
securing the same at the navy yard. 'The vessel returned to the working
grounds on December 13, and during that week weather conditions were so
unfavorable that only one .partial day’s work could be done. :The vessel was
forced to run to Charleston for shelter on December 168, The office was advised
by telegraph, and atelegram dated December 21 was received directing the
commanding officer to close work and proceed with the Bache to the Coast
Guard depot, Baltimore, Md., for repairs.

But little work was done under the supplemental instructions of November
20, 1920, and that little was done under such unfavorable weather and sea con--
ditions that it is recommended the entire area be resurveyed. There is about
a week’s work in this vicinity, with favorable weather, and signals built.

Upon' the receipt of the telegram directing the movement of the vessel to
Baltimore, the boiler was cleaned. After coaling the ship on December 27, the
Bache left Charleston at 4.30 p. m. and arrived at the Coast Guard station,
Baltimore, Md., at 11 a. m. December 30, 1920.

Exceedingly disagreeable weather was experienced between Charleston and
Cape Hatteras. Head gales and heavy seas reduced the speed considerably.

The experiment of carrying steam on the donkey boiler and connecting it
with the main boiler was tried on this frip.. It was quite a success, and: the
vessel was able to carry 125 pounds of steam pxactxcu]ly the entire trip even
with inexperienced firemen.

In accordance with instructions from the office, dated January 4, 1921, the
Bache was delivered to the Coast Guard authorities at their depot, Baltimme

Md., for repairs on January 5, 1921
[R. F. LucE, in Charge of Launch Mikawe.}

. SUMMARY OF RESULTS, ——Triangulation ! 25 square mlles of aren covered; 11 signals
ecrected ; 4 stations occupied for horizontal measures; 5 geographic posltions determined.
Topography 32 square miles of area surveyed ; 48 miles of shore line surveyed: 35 miles
of creeks and sloughs surveyed Hydrography : 95 square miles of area covered 544
miles run while sounding ; 2,862 positionsg determined (double angles) ; 1 ,209 soundings
made; 18 signalg built for hydrography 4 tide stations occupled. ’ :

From August 5 to December 20, 1920, the party with the lnunch Mikeie was
engaged in surveys on the coast of South Carolina between Port Royal Sound
and Charleston.

The triangulation done was only incidental to the hydrography and topog-
raphy in order Lo provide control. In general the triangulation stations visited
were. found. to be in very good condition, only two stations searched for were
not. recovered, both having been destroyed by the washing of the shores on
which they were located.

In order to provide control for ‘the work in the v icinity of thie entrance to the
south of Edisto River some. triangulation was necessary. Old triangulation
stations Hunt, Ott, and Hunting Island Lighthouse were used to get locations
for new -stations South, Fish, and Ed. The new stations were marked in the
regulation manner. ) R

The topography done consgisted in the mapping of the shore line and con-
tiguous territory (to about a mile in from shore on the. average), including
creeks, inlets, sloughs, low-water line where possible, and shoals offshore, along
the coast from Port Royal Sound to Framptons Inlet, 1nc1uding the shore lme‘
in the lower part of St. Helena Sound. )

~In general, locations were obtained in the usual manner from triangulation
stations recovered or established. The work was done by means of a Dlanetable
and telcmeter rods, except for a small area in the South Edisto River, and on =



REPORT OF 'DIRECTOR, -COAST AND GEODETIC SURVREY. 95

_outlying shoals, which was-doné by means of sextant angles on signals. ‘The
distances between the triangulation stations were never great, and the traverse
lines, being short, always closed well within the allowable limit. :

“/The hydrography done in the period covered by this report covered the fol-
lowmg areas: Beginning with the junction of the work of the steamer Hydrog-
rapher at the entrance to Port Royal Sound and extending along the coast to
Framptons Inlet, with the’ exception of a:small area at the entrance to St.
Helena Sound, to make 'a Junction with the work 'of ‘the steamer Endeavor,
the offshore limit being a junction with the work of the-steamer Isis at about
the 3-fathom curve and extending in to the shore. ‘In general the hydrography
was extended in to the inlets of any importance to a distance of -at least a

- mile, or to & point where the depths were unchangeable.

The spacing of the sounding lines called for in: the: instructions was closelv
followed, and consisted in running a system of parallel -lines normal to the gen-
eral- trend of the shore line at a maximum distance of a quarter of a mile
apart, narrowing’ to 100 to 200 meters-apart at important points. .

In channe]s channel lines were run, crossed- by lines-running from one side
0f the channel to- the other. Developments were ‘made -carefully whenever the
Soundings :‘taken indicated the necessity for it.' In general soundings were
taken by means of the hand lead from the Mikaive or from the.motor sailing
launch while under way at a speed from 44 to 5 knots at thirty-second intervals.

© 7 Off the straight beach between intervals the bottom was found to be very
even and close spacing of the lines was unnecessary. Near the inlet, however,

the bottom was lumpy and irregalar and differed - very ‘considerably from the

; charted soundings, so a close spacing of the lines Was very necessary. In gen-
. eral, inside the inlets the soundings agreed very well with the charted sound-

- ings. There were a number of shoals offshore and. others extending a con-

. Slderable distance out from the shore which were bare at low water, and a
Special effort was made to get the low-water line on all these, the method used

being to walk around the edges of the shoals at or near mean low water, as

shown by the tidal predictions, and to locate them by sextant positions taken at
frequent intervals.

" In order to obtain tidal corrections for the reduction of ‘soundings taken,

tidal observations were made at four points on the working grounds.

Throughout the season, readings of the staff gauge at Fort Fremont, Beaufor
River, were taken at half- -hour intervals from a, m. to 5 p. m. by a careful
observe1

This staff was connected by means of simultaneouq observations with a staff
at Station Creek, where several months of tidal observations had been taken a
few years previously.

For about two months in' the latter part of the season tidal observations were
made at Peters Point, St. Plerre Creek, Jdisto Island, at first by means of n
staff and later, when an automatic gauge was. received, by means of that gauge.
This -station was also connected with -the Fort Fremont staff by means of
simultaneous observations.

In order to get tidal corrections for the work in the vicinity of Fripps Sound
a-staff was established at the inlet, connected with the stations at Peters Point
and Fort Fremont by means of simultaneous observations, and readings were
taken while work was in progress from the Mikawe. One of the bench marks
at Station Creek was recovered, and that, together with two initial marks, was
connected with the staff by means of levels.

Three bench -marks were established at Fort Fremont, three at Fripps Inlet,
and five at Peters Point, all connected with ‘each staff by means of carefully
run lines of levels. At Fort Fremont and at Peters Point levels were run both:
at the beginning and at the ‘end of the season, in order to give a4 check on
results and to guard against errors which might “be noticed b) the posqiblo
settlement of the staff during the season.

The charts of the area covered by the wark of the Milawe were based on
surveys of ‘many ‘years -ago, and it is considered quite possible that considerable
changes might be found by the present surveys; and this was found to be the
case, especially in regard to the hydrography. -In several cases radical changes
were found to have taken place in the hottom, 8 and 9 foot channels were found
" where the chart showed shoals bare at:low water, 18 feet of water was found:
where the chart showed breakers, shoals were found which: had shifted several*
: hundted ‘meters, nnd many other simxlar changes were found
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. The difficulties were not restricted to the hydrography. It was found that:the
shore line had changed most radically in many places.  Along the outer shore
of Pritchard Inlet and Island the shore line had been cut away by 800 meters:;
the northern point of Skull Inlet had built out and changed radically; at. the
mouth .of the South Edisto River, Pine Island had built at several hundred
meters; Bay Point, Edisto Island, had built out into what the present chart
shows as the center of the river channel; Edisto Island, at the town of Edings-
ville, had cut away so.that the town no longer exists; as a matter of fact, an
inlet is: now found at the point where the centex of the ’rown is shown at
present. i

The d1ﬁerences between the old charted depths and the new soundmgs are
so considerable, and the new surveys show such changes in the shore line, that
the continuance of the work to embrace. all similar areas is desirable.

Along the coast of . South Carolina: and: Georgia:the country back for several
miles from the shore is generally very marshy and boggy and cut up, by innumer-
able creeks and sloughs, some of the creeks being a part of the’coastal inland
waterways. - This condition makes the mapping of the area: in the:usual man-
ner by means of a planetable exceedingly difficult and expensive... The best
method of mapping this country without great expenditure of time.and money
is by means of airplane photography, by which method accurate surveys can
be made at a comparatively low cost . and in a small fractlou of: the tlme
1equired by any other method. ) .

L [R.P. Lucu, in Ohurge ‘of Launch Mikawe.]

" SUMMARY OF RESULTS. -——Tllangulation, tertiar¥ 3.2 square miles of area covered B
signals erected; 4 stations occupied for horizontal measures. Topography: 29.5 squa.re
miles of ares surveyed 40.7 miles of detailed shore line surveyed; 42.7 miles of roads
surveyed, Hydrography. 37.1. s(iuare miles .of .area covered ; 3017 miles run_ while
sounding’; 1,640 positions determined’ (doublé angles) ; 7,357 soundings made; 8 tidal
stations established 2.4 miles ot levels run; ‘11 bench marks establls ed ; one current

station: occupied.

“From April 19, 1921, t0 the close of the fiscal year the party' ‘on’the launch
Mikawe was engaged in revision of surveys on ‘the coast of South Caroling
from Charleston southward.

By May 26 the topography and hydrography in Beaufort River ‘and the area
off the entrance to St. Helena Sound had been completed.” During June the
party was engaged in combined operations in the area between Charleston and
E‘ramptons Inlet.

[F 8. BorpeN, in Charge of Launch Blsie 111, ]

SUMMARY OF RRSULTS.—Triangulation: 17.5 square miles of area covered; B slgnal
poles erected; 5 observing tripods built; 6 stations. in main scheme: oe¢ upied for hori-
zontal measures, 1 station in supplementa] scheme occupied by horizontdl measures;
geographic positions determined.  Topography : square miles' of area surveyed’ §43
miles of general coast line surveyed, | Hydro raphy 62.9 square miles -of area covered H
367.2 miles run while sounding; 1,204 positions determined (double. an les) b 8..per-
manent bench marks established; i:ydrographie sheets ﬂnished, scale 1 g

The necessary repair-work to fit the launch Elsie III for the seo.son s W,ork was
completed at Hampton, Va., on March 29, 1921, and .on April 1 the party left
Norfolk, Va., for the working ground. - The party was delayed at Beaufort,
N. C.,, for one week while awaiting favorable weather for the outside run to
Charleston. On April 12 the party arrived at Charleston and. after consultation
with' the chief of the cooperating party in regard to the division of ‘the:field
work proceeded to the working ground in the vicinity of Beaufort, §. C., and
began work on April 14.

The field work accomplished by the Tisie I1I included the following A scheme
of triangulation covering the area to be surveyed in Broad and Beaufort Rivers
was completed ; the hydrography of Broad River was. extended from the south
end of Daw Island to a line three-fourths of a mile north of Archers Creek,

In St. Helena Sound signals were rebuilt, and the hydrography Of the area off
Huntington Island not covered in 1920 was completed,,

.In the :region from Charleston, S..C., to Price Inlet, the topography of the
outer coasts .and. inlets -was 75 per. cent completed, and the hydrography from
the .ghore line to g .Junction: with the: offshore hydrography . was .75 .per. cent
completed by the.end of June. :

Several of the objects determined in the triangulation ‘of Broad and Beaufortv .
Rivers were recorded as of value for publicatlon as landmarks on the new :

chart of this area.
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The hydrography of Broad ‘River consisted of a system of sounding lines

»-normal to shore lines, run approximately 200 meters apart and crossed by a
sufficient number of lines to check the soundings; ' Very few changes were found
-in_the Broad River surveys, but Archers Creek was found to have shoaled con-

_Siderably, . Qn account of the strong currents in Broad Creek a drag was used

- for the greater part of the work. Practically all of the signals. used were tri-
angulation stations. For the reduction of soundings tides were: observed ‘on &
sta ffat the west end of Archers Creek. The reference plane for this station was
esrstablished by simultaneous observatlons with a staff at Parris Island Naval

tation

The hydrography of the shoals off St. Helena Sound comprised the area not
completed in 1920 by the steamer Bache and’ the launch Mikawe. It adjoins the
‘work of the steamer Igis to the eastward and southward, the steamer Baclie
to the westward, and the steamer Endeavor-to-the nonhward This work was

Qone under very unfavorable weather conditions, and- for this reason it was not
possible to run any regular system of sounding lines, being largely over a very
shoal area and with the sea breaking a greater part of the time in 9 to 10 feet
of-water, sounding had to be done largely at high tide ‘and the llnes run normal
or, nearly 80 to the swell.

The depth of water on the shoals remained about the sage as shown on the
present chart, but the shoal had removed considerably to the southward. ‘

Tide observations for reduction of soundings were made during the course of
the work at Peters Point, St. Pierre Creek ; the reference plane for this station
hiad been established by the launch M‘zlwwe in 1920 All sounding in tins area
was done from the BElsie III.

The sheet covering the area from Charleston to Price Inlet is the first of a
series extending from Charleston to Winyah Bay. Work on this sheet was begun
June 1 in the vicinity of Winyah Inlet. A sufficient number of signals were
located in this vieinity for the survey of this. inlet, and: the hydrography and
topography were carried to the westward, the hydrography being done when
the weather permitted and the topography when it was not possible to sound.

~Control for this work was obtained from two recovered triangmlation stations
in the vicinity of Capers Inlet. Considerable. change was. found in the coast

-line. - The short lines on the southwest end of Dewees and-the south end of
Capers Island have been cut back for more than a quarter of a mile. A island
has built up east of Dewees.Island, completely filling up the Capers:Inlet chan-
nel, ‘which at one time passed elose inshore along the south of Dewees Island.
The bars of both Dewees Inlet and Capers Tnlet have shifted considerably, but
the amount of water over them remained about the same. Rattlesnake Shoal
has deepened so-that it now has a depth of at least 10 feet on it. The changes
in fhe shore line and the depths of water are confined: to the areas where sea
action is felt and do not extend far into-the inlets.

The greater part of the sounding in this area was done with the Elsw III
The work in the ‘inlets and the shemls at their entrances was done.with the
motor sailer. - For the reduction of soundings a tide staff was established at
:Dewees Inlet. - : :
““MTriangulation data for the area along the coast between: Charleston and
Cape Romain are meager. The greater part of the data furnished the. party
were baged on the’ triangulation executed i 1857. 'The greater part of the

“Stations have been-lost, The stations which are on the outer coast which are

Mot a part of the main scheme have been washed away or buriéd beneath the
‘Shifting 'sands. The main scheme crosses the marshes back ‘of the trees which
fringe the shore. Six of the 16 main-schieme stations between Charleston and
Oape Romain have been recovered in recent Years and have been re-marked in

e} ‘permanent marnner. “Bight of the main:scheme stations have not been recov-
€red -since first- established, although searched for on several occasions: One
‘Station reeovered in 1917 was:lost owing to' the wearing away ‘of the bluff on
Which it stood. ‘The party on the Elsie only executed enough triangulation to
Control this survey, 'This consisted Targely in brlngmg down to the coast at the

lllets points ‘from- the main ‘scheme, -

: 'l‘he inside passage in this vielnity is only a short distanee back: from the
; oast and: it has Dbeen possible in connection’ with the topographic ‘work. to
iOCate many ‘of the beacon ranges, efc, used as aids to navigation to the:inside
,;gpass%ge “This statlon will be a vahmble cantrol point it this area 1s photo-
4 t'aD ed, -

68584—-—91
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ALABAMA, MISSISSIPPI, AND LOUISIANA.
{J. H. Perors, Commanding Steamer Ranger.]

SUMMARY OF. RESULTS.—Triangulation: Three observing tripods built, height, 45 feet
each; 8 observing scaffolds bullt, height, 36 feet each. Hydrography : 359 square miles
of arca covered; 2,758.3 miles run while sounding; 3,993 positions determined (double
angles) ; 2,182 soundings made; 1 tidal station established; 12 tall hydrographic signals
built, each 100 feet in height; 14 current stations occupied; 2 hydrographic sheets fin-

ished, scale 1: 80,000,
On July 1, 1920, the party on the steamer Ranger was engaged in offshore
hydrography in the Gulf of Mexico, continuing the work mentioned in the last
annual report. Work was suspended from August 4 to 12 in order that the
vessel might undergo repairs at Pascagoula, Miss,
On August 12 offshore hydrography was resumed, and signals were built in
order to carry the triangulation down Chandeleur Sound, ;
From November 14 to December 27 the vessel was at Gulfport, Miss., repair-
ing boilers. : )
On December 27 the vessel proceeded to New Orleans and was taken to the
naval station for repairs, which were in progress at the close of December.
The result of the work for the season of 1920'was a very close hydrographic
resurvey of the Gulf coast from -Mobile entrance to Chandeleur Sound.
Current and tidal observations were carried along simultaneously with the
hydrography. , , '
" Triangulation signals and observing platforms were built at points in Chan-
deleur Sound to carry the scheme of triangulation along the coast for the con-
trol of the hydrography.

" FLORIDA,
[F. B, T. S1gMs, Commanding Steamer Hydrographer.)

SUMMARY OF. RESULTS.—Triangulation: 189 square miles of: area covered;. 6 signal
goles erected; 5 water signals in 14 to 21 feei of water; 3 observing tripods built,
eights, 85 and 40 feet; 2 observing scaffolds built, height, 80 feet; 9 stations in main
scheme occupied for horizontal measures; 6 statlons in supplemental scheme occupied
for horizontal measures; 15 geographic positions determined.. Leveling: 6 permanent
bench marks established; 2 secondary bench marks established; 0.8 mile of levels run.
Topography : 2 miles of detafled shore line surveyed; 1 topographic sheet partly flnisheq,
scale 1:5;000. Hydrography : 128 square miles of ‘area covered; 1,286.6 miles run while
sounding; 7,687 positions determined (double méﬁles); 88,712 soundings made; 2 tide
stations established ; 6 hydrographic sheets finished, scales 1: 5,000, 1: 15,000, 1: 20,000,

and 1: 40,000.

At the beginning of July, 1920, signal building and triangulation were in
progress preparatory to the hydrographic survey of the locality of the shoal
about 4 miles northwestward of Marquesas Keys, Fla., reported by the U. S.
destroyer Hllis. An area of 24 square miles was covered by sounding lines,
spaced 100 meters. or less apart. ' Except for g coral shoal of a small extent,
this area was found to have a general uniform sloping depth of about & to 7
-fathoms. During the further investigation of the shoal area mentioned a
coral bowlder was. sighted and found to have a depth of 7.2 feet at mean low
water, : . o
On July 12 the inshore hydrography started from Marquesas Keys and the
inshore hydrography south of Boca Grande Channel were resumed where left
uncompleted by the party on the steamer Hydrographer at the time of the
September, 1919, hurricane. For the control of the hydrography it was neces-
sary to rebuild two tower signals about 45 feet in height and erect three water
signals in 12, 18, and 18 feet of water, respectively. The inshore hydrography
was executed on a scale of 1:15,000, making it necessary .to use these fixed
signals. located by triangulation in order to attain the desired accuracy in
locating closely spaced sounding lines. Several uncharted coral shoals were
found to exist: between Cosgrove and .Coalbin Rock,. also several uncharted
shoal soundings were obtained . between Coalbin Rock and Vestal Shoal. The
Hydrographer was used for all of the hydrography. When seeing and other
conditions were unfavorable, the ship was maneuvered to pass over the shoalest
appearing parts of the coral patches. and thus endeavor was made to obtain
the shoal soundings. This will account for the number of shoals discovered
which in the ordinary methods. of hydrography would probably have escaped
attention. Weather conditions were generally favorable for field work in the
vicinity of Marquesas KXeys, but long spells of easterly trade winds accompanied
by hazy atmosphere hampered the progress of the work at times. - - 5
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Tides were observed at Marquesas Keys and later .at Boca Grande Key,
where a tidal station was established and a plane of reference obtained by
simultaneous observations with the Bay station at Key West.

The fixed water signal as used by this party consists of a wooden tripod
frame and center pole built ashore and towed by the ship to the shoal where
erected. Three iron pipes of sufficient length are attached at the base of the
tripod legs, the tops meeting and fastened at the center pole. The weight of the
pipes causes the structure to rest on the bottom on two of its legs, while end of
center pole is held above the water surface. By attaching sufficient weights at
the end of third leg, which also projects above water, the signal is readily
erected by lifting the center pole. It is then firmly secured in place by allowing
weights attached to wire loops around the pipe to slide to the base of the signal.
The water signals were destroyed after they had served their purpose.” The wire
lashings between the three pipes and center pole were cut, the wooden frame
was attached to a stout-line from the ship and towed over the bottom until the
pipes and weights let go, and the wooden frame then floated to the surface.

Field work ‘was closed in the vicinity of ‘Marquesas Keys on September 19,
thus completing the work required under instructions dated December 28, 1918.

After taking aboard considerable material for signal building and making
minor engine-room repairs at Key West, Fla., the Hydrographer took: up field
work between American Shoal and Sombrero Keys, along the Florida Reefs and
Florida Straits. On September 14 the vessel proceeded to Boot -Key' Harbor
to investigate the practicability of using this place:as a base for survey opera-
tions. . It was found to afford excellent refuge in case of a hurricane.. During
-the end of the season while operations  were carried on in this locality the ship
obtained fresh water, ice, and provisions every other week-end, thus avoiding the
long run to Key West, except for coal: ‘On two occasions the vessel harbored at
Boot Key during hurricane weather. - . .

Little fleld work was accomplished during the latter half of.September for

- the reason that several tropical disturbances confined the party to signal-build-
ing operations in the vicinity of Boot Xey Harbor.:

During October the signal building and triangulation between American Shoal

- and Sombrero Reef were accomplished. With the use of two water signals
. described in this report in 14 and 21 feet of water, respectively, it was possible
to extend a coastal scheme of triangulation from American Shoal Lighthouse
to Sombrero Reef Lighthouse.  One of the water signals was occupied with
theodolite, and apparently good observations were obtained. This triangulation
- was necessary for the reason that at this part of the coast the triangulation of
the Florida Xeys was carried- along the inland portions of the Keys. .

On November 3 the offShore hydrography in the Florida Straits was resumes
eastward of American Shoal Lighthouse and carried to Sombrero Reef by the
end of the season, December 30. ILikewise the inshore hydrography along the
edge of the reefs was executed during this period. The Coast Survey sounding
tubes were used with hand-sounding machine for sounding in depths.from 20
to 100 fathoms, and in depths less than 20 fathoms the hand lead was used.
;l‘ides for the reduction of soundings were observed. at American Shoal Light-
house. .

Strong easterly trade winds retarded the progress of the work considerably
- Wwhile engaged in the triangulation and offshore hydrography between American
Shoal and Sombrero Reef. Also there were only two officers engaged.in. this
work, which prevented efficient progress. . . ‘ :

A revision survey of Boot Key Harbor Channel and approach was made.
This place was used by the Florida East Coast Railway as a construction camp
during the overseas extension of the railway. - A channel dredged by the Florida

.East Coast Railway has now a controlling depth of 74 feet, which provides an
entrance to the landlocked harbor for the greater number of vessels using Hawk
Channel. It 'is practically the only good harbor between Key West and Miami.
A'tidal station was established at Boot Key, and tidal datum was obtained: by
Simultaneous observations with the base station at Key West. :
The Hydrographer based her operations from Key West, Fla., obtaining coal,
Water, and supplies from the United States naval station. The Lighthouse
Service furnished docking space for the vessel while at Key West. The services .
hus gbtained were of considerable assistance to the party, : o
- During December the automatic tide gauge at Key West was inspected. and a
Bew time striking clock. was installed. The relation between staff and bench
irks was obtained by levels during Augnst. R -
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The Coast Survey sounding tubes were tested on September 23 and 24 in
accordance with instructions from the Director dated September 2, 1920.

ALABAMA AND LOUISIANA,

[F. B. T. SmmMs, Commanding Steamer Hydrographer.]

SUMMARY OF nESULTs,—Triangulation: 867 square miles of area cowered; 9 signal
poles erected; 12 observing tripods erected, total helght 380 feet; 12 observing scaffolds
built, total height 534 feet; 21 stations in main scheme occupied for horizontal measures;
4 stations in supplemental scheme occupied for horizontal measures; 80 geographic posi-
tions_determined. Hydrography : 43 square miles of area covered; 210.1 miles: run while
sounding ; 1,126 positions determined (double angles).; 4,768 soundings made ;; 2 tide
;xt'aﬁ)og‘s)o established; 27 bottom specimens preserved; scale of hydrographic sheet

- The Steamer Hydrographer closed field work in the locality of the Florida
reefs and made preparations for the passage from Key West, I'la., to. Mobile,
Ala., for repairs.. On January 8, 1921, the vessel left Key Wesk and did not
arrive at Mobile until January 17, 1921, delays having been occasioned by
stormy weather. After securing proposals for repairs to the Hydrogranlicr,
the ship was delivered to the successful bidder on January 26. - General annual
repairs and overhauling were accomplished, and the same. were. completed on
February 18, The Hydrographer then proceeded to Gulfport, Miss,, on Feb-
ruary 21, arriving the same day, to take up the triangulation from Mississippi
Sound to the Mississippi Delta, required under the Director’s instructions
dated January 19, 1921.

The party was engaged on the tertiary trisngulation in Chandeleur Sound
and Breton Sound during the months of March, April, and May. The scheme
is based on the line Biloxi Lighthouse to Ship Island Lighthouse, and was
carried to the line Sable Point to Battledore Island. In addition to the main
scheme three stations were determined on the west shore of Chandeleur. Sound,
and four hydrographie signals were located by triangulation on the barrier
islands at the east side of the sounds. Four of the main-scheme triangulation
signals were erected in 12 to. 13 feet of water, and two of these were occupied
by theodolite. - The description and manner of erecting water signals for
triangulation were furnished in a report entitled ‘¢ Special Report on Water
Signals Used for Triangulation and Hydrography.”

Good figures were thus made possible by the use of the water signals, and
the lengths of the lines were considerably shorter than would otherwise have
been the case if land stations only had been used on -both shores of the sound.
The need of short lines was necessary in order to make economic progress in
observing during the months of March and April, as the seeing conditions then
are generally very unsatisfactory on the Gulf coast. .

Even with shorter lines the continual hazy weather delayed observations along
the first or northern half of the scheme, also on days when the atmosphere was
clear a bank of mist about 4 to 10 feet in height hovered about the water surface
during the day and night and eventually necessitated increasing the height of
the signal in addition to that required to overcome curvature, to have signals
show above the mist bank. ‘Rapid progress was made on the second or southern
half of the triangulation scheme, the signals were built high enough to overcome
the difficuity experienced before, and also there were several days of clear See-
ing about the time observations were in progress.  Delays were also occasioned
by frequent strong winds throughout the greater part of the season. Two of
the signals had to be rebuilt on account of the shifting nature of some of the
islands; they were subsequently erected in unchangeable shoal water. .

Considerable erosion ‘of the shore line was noted in Chandeleur Sound, as
examples: Brrol Island has disappeared except that small parts of it are
awash, Barrel Key on the west shore of Chandeleur Sound has washed. away
entirely ; also the islands off DDoor Point no longer exist, ’ e

The completion of the triangulation to the mouths of the Mississippi Delta
was postponed pending the completion of the hydrographic investigation of. the
waters off Southwest Pass for the needs of the United States Army Engineers.
‘The latter work was begun on June 7 and was in progress at-the close of the

- figcal year. Signals for hydrography were determined by . triangulation,
survey buoys were constructed and planted in place for. fixed: position. work to
the 50-fathom curve. The inshore hydrography. from the 3-fathem to the. 20-
fathom curve was completed from latitude 29° 00’ . on the west side of the
Southwest Pass to longitude 89° 19’ on.the east side .of the pass. The chartered:
launch Carl F, obtained April 23, assisted in the work outlined above. The
lease was terminated on June 30, 1921. .

A
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LOUISIANA.
[B., B. LATHAM.]

The operations of the New Orleans field station have been continued as usual
during the year. ) ’

On October 1 the office of the field station was removed from the Godchaux
Building to quarters obtained in the customhouse, in room 314.

Some additional equipment has been obtained for more conveniently storing
and filing charts, Coast Pilots, and tide tables. ) :

In August the inspector was detailed to the field for the purpose of verifying
an angle in the Louisiana traverse in the vicinity of Mansura. A special report
on this duty was submitted.

‘The three sales agencies of the Bureau in New Orleans were inspected and
reported on. )

Cooperation has been maintained with the division and district U. 8. Engineer
officer in New Orleans.

Charts and other information have been furnished to Federal, State, and
commercial organizations as requested.

HYDROGRAPHIC AND TOPOGRAPHIC WORK, PACIFIC COAST.

CALIFORNIA.
[, G. ExeLr, Commanding Steamer Natoma.]

SUMMARY OoF RESULTS,—Triangulation: 72 square miles of area covered: 5 signal
Doles erected; 5 stations in main scheme .occupied for horizontal measures; 30 togo-
graphic positions determined. '"Topography: 84.4 square miles of area_surveyed; 53:3
miles of coast ‘line surveyed; 30.6 mfiles of shore line of creeks surveyed; 64.2 miles of
roads surveyed; 80.4 miles of railroad surveyed,; 2 topographic sheets -finished, scale
1:10,000, Hydrography: 115.1 square miles of area covered; 847.3 miles run while
sounding; 18,136 soundings made; 2 tide stations established; 1 current station occu-
. pied ;2 hydrographic sheets finished, scales 1: 10,000 and 1 : 20,0600.

Under -instructions issued May 12, 1920, field work on the survey of Los
Angeles Harbor and San Pedro Bay was commenced on July 19. The Natoma
arrived at San Pedro from San Francisco on July 15, and preparations were
made for beginning field work, The 24-foot motor sailing launch which had
heen shipped to San Pedro was obtained and prepared for hydrography. A
topographic sheet on.the scale 1:10,000 was made to cover the area of San
Pedro, Wilmington, and Terminal Island. Boat sheets were prepared, one on
the scale of 1:10,000 for the harbor survey and another on the same scale for
the area eastward of the harbor extending to Long Beach, and the old@ sound-
ings from bromide of hydrographic sheet No. 1418 were transferred to the latter
Sheet. On July 19 the work on the erection of an automatic tide gauge in the
outer harbor was commenced, and this wasg finished on the 21st. - This gauge
was maintained until November 30; five bench marks were establ'shed and

. connected by levels with the gauge. :

Prominent artificial objects in the vicinity of San Pedro and Long Beach
were cut in from the recovered stations on July 21, 22, and 23, and field work
on the topographic sheet of San Pedro was begun on  July 22 and continued
without interruption thereafter. On July 80 sigpnal building for the hydrography
of San Pedro Bay eastward of Long Beach was begun,; 5 stations were estab-
lished ; tall hydrographic signals of the tripod design, using whitewashed boards
and cloth, were erected over these stations, and symmetrical .diamond targets
bPlaced on the center poles and carefully centered were used for locating them
by triangulation. Station Reservoir 2 is on the same hill as original station
Reservoir, no description.of which is-available. The primary statiop Los Bolsas
Which was on the saine site is apparently destroyed by the construction of the
Teservoir, No attempt was made to recover any of the old tertiary stations.

» On August 7 a boat sheet-on .a scale of 1z 20,000 was made for the hydrography
oast of Long Beach and outside of the breakwater for work out to the 20-
fathom curve. Soundings. from the old hydrographic sheet 1418 were trans-
Terred ag the instructions: called for splitting old sounding lines and for com-
Parison with old work. On August 12-14 two officers were at work on the
,tvODographic sheet of San Pedro. Launch hydrography of the inner and outer
vturbors was begun August 16 and continued until August 80. On August 17 a

Opographic projection for Long Beach was made, and observations for lceating
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the new triangulation statioms were begun August 16, The new stations,
together with prominent artificial objects between Long Beach and Huntington
Beach, were cut in from stations Breakwater, Deadman’s Island, and Los
Cerritos.

While launch hydrography and topography in the vicinity of San Pedro were
in progress: the trolley sounding apparatus and electric-driven hauling reel
were constructed by the ship’s force for work on the 1: 20,000 sheet outside of
the 12-fathom curve. A platform for the leadsman was built for use with the
trolley and placed aft of the port side.

The greater part of the launch hydrography in the outer harbor was com-
pleted by the end of August, and work was begun with the ship on the 1: 10,000
sheet and the 1:20,000 sheet. Clear weather was utilized for this work on the
offshore side of the 1:20,000 sheet as signals were distinct, and in hazy weather
the work on the 1:10,000 sheet was done. A staff gauge was established at
Long Beach on September 28 for reduction of soundings on the eastern end
of sheet. Topography was begun early in September on the Long Beach sheet,
the San Pedro sheet having been completed, and by the end of the month the
Long Beach sheet also was completed. During September and October ship
hydrography was prosecuted. Work was prevented by foggy weather on eight
days in September and four days in October, and on account of lack of men on
three days in September and three days in October. The work on the two
hydrographic sheets was completed by the end of October, and office work on
reduction of soundings and inking topographic sheets, tabulating tide roll, and
plotting soundings on the boat sheets was continued until September 8, TFrom
December 8 to 15 field work found necessary to complete sheets was done, and
two signals at Long Beach and Reservoir 2 were moved at the request of the
property owners. Current observations were made near Weldt Rock, from the
vessel at anchor, on November 15, 16, and 17. No appreciable current was
observed at this station, It was found impracticable to obtain current observa-
tions at the other two stations indicated in the instructions as anchorage in the
channels is prohibited. The currents in the channel appear to flood and: ebb
with rise and fall of tide and never to exceed 1 knot,

Field work at San Pedro was completed on December 14, and on December 16
the vessel sailed for San Francisco in accordance with ordels dated November
16, 1920, arriving on December 17. Field work on the continuation of revision
of hydrography and topography of San Francisco Bay was commenced on com-
pletion of the office work on records of the San Pedro work on January 11. The
work of the past season included also a resurvey of the bar, wire-drag investi-
gations of shoal soundings off Fort Point and east of Angel Island, and the
location of the four radio-compass stations in the vicinity of San Francisco,
namely, Bird Island, Montara Point, Farralon Islands, and Point Réyes. The
work is described in descriptive 1eports and the seasons report for the period
January 11-May 26, 1921.

In accordance w1th instructions dated April 28, fleld work was brought to a
close on May 26 on completion of assigned work in and around San Francisco
Bay, and the vessel was moored in China Basin for overhauling.

[FREMONT MORSE.]

The work of the San Francisco field station has been continued along the usual
lines. Besides the routine work of the station the sales agencies of the Coast.
and Geodetic Survey in ‘San ¥rancisco were inspected, and the charts and
publications on hand were listed.

Recommendations were made as to details of resurveys by the steamer Natoma
in the vicinity of San Francisco Bay.

Progress was made on a graphic index of tracmgs on file with the field
station,

Information was obtained from the office of the engineer in charge of the
Oakland Harbor improvements concerning the depth of water in the Albers and
the Southern Pacific Basin.

A copy of the latest map of the San I‘rancisco water front was obtained from
the chief engineer of the State harbor commission; This map shows changes
that have occurred since its publication. It was checked up in the field by ‘the
inspector personally and some further changes indicated:' The positions of
wharves near Fort Point were obtained from the constructing quartermaster,

U. S. Army,
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. [B. H. PAGENHART, Commanding Steamer Lydonia.] - .

SUMMARY OF RESULTS.—Leveling: 3 permanent bench marks established; 1 mlle of
levels run. To%ogm hy : 17 miles of traverse run to locate signals; scale of topographic
sheets 1:20,000. ydrography : 991.1 square miles of area covered; 1,179.4 miles run

* while sounding; 2,989. positions-determined (double angles) ; 6,778 soundings made; 2
tide statlons established! 2 current stations occupied; scale ~of  hydrographic sheets

1: 20,000, 1: 40,000, and 1: 120,000. )
In compliance with instructions dated March' 23, 1921, the Lydonia left
Seattle for the locality of work April 2 and arrived off the Humboldt Bar
during the night of April 4. The bar was rough and the ship ran to Shelter
Cove, where field work was begun the next day by the erection of a tide staff.
Two days later an automatic gauge was placed in. operation at North Jetty at
* Humboldt Bay and the hydrography was begun. The work was in progress
at the end of the fiscal yea? : .
Additional split lines were run between the 40 and 100 fathom curve over
the area from Chris Rocks to Shelter Cove. This gives a spacing of one-half-
mile lines. . :
_Additional lines were run to Tolo Bank wherever the original surveys showed
widely spaced soundings or where there were indications of shoaler spots.
. Similar development work was resumed in the vicinity of Punta Gorda and
had extended to Cape Mendocino by the end of June. o ‘ }
Offshore lines were run to the 1,000-fathom curve which extends well off the
coast at Punta Gorda. Much of this work was done on dead reckoning, as the
weather was generally foggy and no fixes and but few sights could be obtained.
By June 30 the inshore and offshore work was completed to Cape Mendocino,

OREGON.
[0. W. SwAmsoN._]

SUMMARY OF RESULTS.—Triangulation: 9 square miles ‘of area covered; 21: signal
poles erected; 13 stations In main scheme occupied for horizontal measures; 26 statlons
. gecupied for vertical measures; 21 geographic positions determined. Leveling: 6 per-
‘manent bench marks established; 1 ‘mile of levels run. = Topography: 1% square miles
of area surveyed; 2 miles of double shore line surveyed; 13 miles of rivers surveyed;
2 topogmghic sheets finished, scale 1:10,000,: Hydrography : 7 square miles of area
covered; 354 miles run while sounding: 3,218 positions determined (double angles) ;
1,271 soundings made; 1 tide station established; 1 current station occupied; 2 hydro-
graphic sheets finished, scale 1:10,000, )
. The survey of the Umpqua River, Oreg., and bar lying off the entrance, was
begun May 23, 1920. Progress to June 30 is detailed in the last'annual report
of the Director. - ) . i ) ’ h

The original instructions called for a close development of the bar and the
river’s mouth and an inspection of tlie river as far up as the railroad bridge to
See if a resurvey of that portion was necessary. The examination showed that
a resurvey as far as the railroad bridge was advisable, and the office was so
notified, and the party was instructed to continue work as far up the river as to
Incjude the water front of Reedsport. Two hired launches were used in the
execution of this work. ) . :

. When the survey was begun, it was expected that two triangulation stations
eagy of access and near the mouth of the river could be recovered. This, how-
ever, was not the case, as none of the old stations could be found, and it was
Decessary to start the scheme from the line Burn to Brushy Hill 2, Station
Burn was on a brush-covered hill which necessitated the building of a 15-foot
.Bcaffold and three days’ clearing to open up lines of sight.. Three of the U. S,
Army Engineers stations established in 1916 were recovered and incorporated
In the Coast and Geodetic Survey work. These were North Base, Winchester,
and Cornwall.. When it became necessary to carry the triangulation up the
Tiver, some of these stations on the sand hills had been undermined and blown

_@QWn, and the stations could not be recovered. It was necessary to establish
A new station and to reoccupy two of the other stations, i : ‘

A fairly strong scheme of tertiary triangulation extended up to the bridge.

The stations were marked as permanently as possible. In many cases it
Was impossible to put in reference marks.

The topography consisted in running in the shore line where there was any
“lange from the.original survey, consequently the. outer beach was run for
?bout a mile on either side of the river.. The north shore line of the river was
,T‘}l]n as far as Barretts Light and from Three Mile Light to the railroad bridge.
1€ south shore of the river was run as far.asthe eastern point of Winchester
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Bay. From thereto the Big Point the shore line was bold and rocky and had
therefore not changed. The shore line of all the small islands or flats was de-
termined. - The shore line of all the small islands or flats was run. Bone Island
was located, and the water front at Reedsport. .

No contours were run except on the sand hills in the vicinity of the. Coast
Guard station, Army Hill, and the large sand hill off the middle grounds.
Two sheets on the scale of 1:10,000 were used. One plane-table sheet on the
scale of 120,000 was used -to locate signals for the preliminary survey to
check the existing chart and determine if a complete survey was needed. Where
the shore line was not run it was carefully checked with the old survey.

Sounding on the bar was in progress on July 1, and from that time until
July 16 a constant watch was kept on the sea and weather, and whenever Dos-
sible a few hours’ sounding on the bar were put in. The Coast Guard station
lookout kept the party informed regarding the sea., !

The first three weeks of July brought favorable weather. = The only chance
for a smooth sea was when a decided change took place in the direction of the
wind, but during this time the fog was.apt to be worse. Consequently the
party always remained in constant readiness to go out onto the ‘bar whenever
the conditions were favorable.. Orie hour before high tide on July 16 the seg
became smooth and the fog lifted. The party was on hand with the launeh,
and they immediately began sounding out the bar. The sea was Smooth for
about 2% hours, just long enough for the party.to cover the horth spit.

The channel through the bar was-sounded ‘over more thoroughly than usual,
‘because as it had but recently ‘been ‘washed out about 10 feet it was feared
‘that the sand might have washed away, leaving a pinnacle rock with but very
little indication of its existence, ’

A very decided change from the old chart was discovered in the depth of
the channel through the bar and in the mouth of the river.

The soundings in the critical places were reduced, the tide reducers being
obtained from the predicted tides, and the soundings were recorded on. the

boat sheet for a careful study. . R

“Two boat sheets on"the scale of 1:10,000 were used to cover the entire areg
~from the whistling buoy off the bar to the eastern end of the water front of
.Reedsport. - A few lines of preliminary soundings were taken on a 1:20,000 scale
‘sheet to check the accuracy of the -chart. The last sounding was taken on
August 30. o )

On arrival at Gardiner an automatic tide gauge was established at the jetty,
and a record was obtained beginning May 24 and ending August 30. A tide
staff was erected at the Gardiner Mill Co.’s wharf and a series of one-half hourly
readings were made beginning August 6 at 10 a. m. and continued until 7 p. m.
the next day. ‘This gave 83 hours of simultaneous readings ‘with the automatic
gauge. Thereafter the hydrographic party took a reading on the staff before
‘going to work and upon returning. ‘Otherwise no tidal observations were made
on this staff while the party was sounding. R )

. Permanent bench marks were established ‘and connected with the tide staffs
at the jetty and at Gardiner. - . ' "

On July 16 the launch was made fast to the black can.buoy at the inner
entrance of the channel through the bar, and current observations were begun.
The pole and log line method with a stop watch was used, ‘and observations
were continued for 25 hours. A maximum velocity of 3.5 knots was obtained,

" A survey was madeé on the beach on either side of the river and at the mouth
of the river for indications of rock. None were found other than the rocks near
the boathouse on the south side, Ork Reef, and at Winchester Point. All
specimens of bottom obtained were sand. The bottom of the whole river ‘as
far as surveyed was sand or mud. . . .

On September 2 the work in the Umpqua River was completed and the party
disbanded except for one man. On September 7 the two officers and this one
man went to Coos Bay and there marked the true meridian passing through the
naval radio compass station. A separate report was made on this work under
date of September 18, . ’ ' o

SFATTLE, WASH,

T, B MceGrara, July 1, 1920, to Jan. 15, 1921: R, 'B. Dmricksox, Jan. 15, 1021,  to
r R ’ ol SR ~June 30, 1921.1 = = ) . '

. An bfﬁ’cer of the :Survey coh’finued on duty as inspector:in-charge of the fleld
station at Seattle, Wash,, and continued the usual details of work.
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The principal duties which are required of the inspector at this station are:
The maintenance of a stock of charts and nautical publications for reference,
distribution to the Government officers, and sale, and alse the inspection of :the
principal chart agencies in the district; supplying light vessels, which inci-
dentally to their regular work are engaged in making current observations for
the Survey, with materials and appliances required in that work; charge of the °
property: belonging to the Coast and Geodetic Survey stored at Seattle; receiv-
ing ‘and forwarding mail and instruments to vessels and fleld parties of the
Survey engaged in field work in Alaska or having their home station at Seattle;
keeping on hand supplies of stationery in order to meet requisitions from land
and hydrographic parties; supplying requisitions for information fromthe gen-
eral public pertaining to the tides, geographic positions, magnetic declination,

. elevations, depths, changes in aids to navigation, and other information affect-
ing the maritime interests; supplying the office at Washington with the most
recent information affecting the charts and tide tables; supervising the opera-
tion of tide stations at Seattle and Olympia, Wash., and at Xetchikan, Alaska.

Advance notices to mariners are published immediately upon receipt of impor-
tant information affecting the charts. .

On January 15, 1921, the charge of the field station at Seattle was transferred
to another officer of the Survey.

On January 15, 1921, the administrative responsibility and activities of the
field station were increased by having assigned to it the general supervision
over the hydrographic and topographic parties working within the district, or
based at Seattle, except as limited by the regulations, to the end that the
greatest possible.assistance may be given to such parties, keeping in touch with
the parties working in Alaska and advising the Washington office regarding
such changes in the working operations as it is believed should be made from
time to time.

GEODETIC WORK.

NORTH CAROLINA.
[R. J. AvLb.]

Between April 26 and May 4, 1921, a base line, approximately 1 kilometer
in length, was measured along the Carolina Beach Railway for the purpose. of
strengthening the triangulation along the Cape Fear River. - The base is located
near the point where the coast triangulation from the north connects with the
Cape Fear River triangulation.

[GroraE D. Cowin,}

Between June 6 and June 14, 1921, the length Sand 2 to Redmond, a line of
the Cape Fear River triangulation just south of Wilmington, was measured as
a base for the purpose of strengthening that triangulation. Several stations in
Wilmington were recovered, with a view to checking the connection at Wilming-
ton between the Cape Fear River triangulation and the precise-traverse line
from Wilmington to Sanford. :

MISSISSIPPL \

-

{J. 8 BiILBY.]

SUMMARY OF RESULTS.—Precise traverse: 100 miles of traverse run; 120 main sta-
tions occupied for horizontal measures; 28 supplemental stations occupied for horlzontal
measures, Azimuth: 10 stations occupied for determination of azimuth,

Work was begun on a precise traverse in the State of Mississippi in the
vicinity of Pascagoula in January, 1921. A base line was measured on the
Louigville' & Nashville Railway track to the westward of Pascagoula.  The base
Stations were. connected by triangulation with two old triangulation stations
on Mississippl Sound. . The traverse started from East Base and was extended
eastward to Pascagoula, thence northward on the Pascagoula-Moss Point con-
. Crete highway about 23 miles to the Alabama & Missisgippi Railway track,
thence northward on this railway to Evanston,-thence on the Gulf, Mobile &
- Northern Railway by way of Beaumont and Richton to Ovett. - Field work was
. Closed ‘on March 10. N S ) ‘
= "The means of transportation for the field party consisted of two # ton trucks,
‘One 3-ton truck, and three hand-driven velocipede cars. The hand velocipede
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cars were used in connection with the meotor. trucks to transport men and
material to intermediate points between road crossings which it was not
practicable to reach with the motor truck. They were hauled from place to
place on the motor truck and were available at all times when needed. The
observing .party used one of these velocipede cars instead of the motor truck
for moves between stations, It was found that the move from station to station
could be made with the velocipede car in less time than was required by motor
truck. YVelocipede cars were also used in connection with the motor truck by
the party building stands, marking stations, and doing reconnoissance and by
the party staking curves, running wye levels, and observing. Had motor trucks
only been used it would have required four trucks, and at many places it would
have been necessary for the men to pack the material and instruments to points
that could not be reached with the truclk; therefore, the velocipede cars reduced
the time, labor, and expense of the work. ’
The railway over which the traverse was measured and the nature of the
country were unfavorable to rapid progress. :

LOUISIANA.
{B. B. LATHAM.]

On September 10, 1920, the inspector of the field station at New Orleans left
for Mansura, La., to verify certain angles in a traverse line in that vicinity,

A party was organized and field work begun on September 11, signals were
erected on the 11th and 13th, and observations at Station Omar were com-
pleted on the latter date. The inspector returned to New Orleans on the 14th
and resumed his duties at the New Orleans field station.

CALIFORNTIA AND OREGON.

[E. W. EICKELBERG, ]

SUMMARY OF RESULTS.—Base line: 1 precise, 14.26 kilometers in length. Preclse and
primary triangulation: 32,250 square miles of area covered (17,250 square miles precise,
15,000 “square miles primary) ; length of scheme, 500 miles; 43 observing tripods and
scaffolds built; 31 stations in main scheme occupied for horizontal measures; 4 stations
in supplemental scheme  occupied for horizontal measures; 37 statlons occupied. for
vertical measures; 69 gcographic positions determined; 69 elevations determined trig-
onometrically. -Leveling: 18.1 miles of leveling run. Azimuth: 7 stations occupled for
observations of azimuth, . .

This arc of precise triangulation extends in a northeasterly direction from
northern California to eastern Oregon. It starts from the line Bolivar-Bally
of the California-Washington arc of precise triangulation and ends on the line
Dry-Squaw of the Utah-Washington are of precise triangulation. (See Special
Publications Nos. 13 and 74.) The California end of the arc is in high mountains,
while much of the remainder of the arc is across & high, arid plateau broken
by ridges and peaks and very sparsely inhabited. As an indication of the height
of the stations it is noted that the party was still resorting to melted snow
for a water supply on July 4, while occupying Mount Grizzly, }

Field work began in northern California on June 12, 1920, and was in progress
at the beginning of the fiscal year. There were two observers on the work,
namely, the chief of party and 1. O. Heaton, junior hydrographic and geodetic
engineer. During the first part of the season the latter occupied the Q}jimary
stations, while the former occupied the precise stations, Later both obServers
shared in the precise work. Due to inability to obtain men, the party started
work with only three light keepers, the remainder of the stations being tended
by truck drivers and employees of the U. 8. Forest Service. This cooperation
by the Forest Service aided very materially.

The work was considerably hindered by dust storms, by smoke from numerous
and extensive forest fires, by an unusual amount of rain, ard by inability to
obtain careful, reliable, and resourceful light keepers and-hands. :

Six automobile trucks were used for transportation, one of these being used
exclusively in the marking of stations and in the building of stands. On, the
first four stations the length of pack averaged over 10 miles. Animals were
used for packing to these stations, but on the remainder of the arc bhack packing
was resorted to on account of the saving in time. The moves between stations
averaged about 100 miles and usually required a whole day, as the roads were
rough and the trucks could average only about 10 miles an hour.
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. The observing was completed at station Squaw in a foot of snow on October
22, 1920. The average closure of the 689 triangles of the arc is 0.86"".

WASHINGTON.
[E. W. HICKHLBERG. ]

SUMMARY OF RESULTS.—Reconnoissance : Length of scheme 10 miles; 40 square miles
pt area covered; 12 lines of intervisibility determined; 5 points selected for scheme.
Triangulation: Length of scheme, 25 miles; 75 square miles of area covered; 6 signal
poles erected ; 20 observing stands and scaffolds built; 19 stations in maln scheme occu-
pied for horizontal measures; 3 stations in supplemental scheme occupied. for horizontal
measures ; 35 geographic positions determined.

Between April 21 and June 30, 1921, observations were made along the arc
of precise triangulation which will extend along Puget Sound from the northern
end of the California-Washington are in the vicinity of Tacoma to the forty-
ninth parallel. 'This is a part of the general scheme of precise triangulation
which will carry the North American datum to Alaska. At the end of the fiscal
year all the work bhetween Tacoma and Seattle had been done except the occupa-
tion of eight stations in the vicinity of Tacoma., A launch wag used for trans-

porting the party on this work.
ILLINOIS.
[EARL Q. HRATON,]

Check measurements with a 300-foot tape were made over two sections of the
precise traverse in the vicinity of Burlington, Il1l.. The work was done between
February 19 and 28, 1921. Two errors were located in the original measurement.

ILLINOIS AND WISCONSIN.
[J. 8. BiLpy.]

SUMMARY OF RESULTS.—DPrecise traverse: Reconnojssance and signal building, 320
miles ; observing, 320 miles; taping and traverse completed, 85 miles; 190 principal sta-
tions occupied for horizontal measures. Azimuth: 18 stations occupied for determination

of azimuth.

About August 15, 1920, work was started at the northern end of a line of
precise trayerse, requested by the U. 8. Geological Survey, extending north and
south through the central part of Illinois. It was anticipated at first that a
connection could be made at the north ‘end with precise triangulation dove by
- the State of Wisconsin. The old stations could not be recovered, however, and
it was necessary to measure a traverse line eastward through the southern part
of Wisconsin to connect with the precise triangulation of the Lake Survey along
.the west shore of Lake Michigan. The southern end of the Illinois traverse
connected with the thirty-ninth parallel precise triangulation.

The northern end of the Illinois traverse was quite difficult, due to numerous
curves. After 85 miles had heen completed the taping party was put in charge
of ¢, L. Garner for the remainder of the work.

Motor trucks were used for transportation. The work was completed the
latter part of October. ’ '

/ ' [CLeM L. GARNER.]

SuMMARY OF RESULTS.—Precise traverse: 220 miles of traverse measurements com-
DPleted; 75 stations in supplemental scheme occupied for horizontal measures.

Mr. Garner took charge of the precise-traverse party operating in Tllinois on
September 18, 1920, when the work had been carried to a point just north of
La Salle. From here the line of traverse extends south along the Illinois
Central Railroad to the vicinity of Vandalia, where it connects up with the are
0_f precise triangulation along the thirty-ninth parallel. The reconnoissnnée,
Bignal building, and principal angle measures on this section were made by an-
other party. ‘ ’

The railroad track along this section of traverse is very favorable for .this
king of work and good progress was made in spite of a shortage of hands,

‘After the completion of -this line the party proceeded to Beloit, Wis., and
eagured a line of traverse from there to Racine, Wis. This was for the pur-
%’OSe of connecting the northern end of the: Illinois traverse with the precise
}flanmllation of the Great Lakes, :The chief of party had previously made a

-
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reconnoissance and ascertained that a traverse line would be much more. eco-
nomical than triangulation for this connection.

On both of the projects ahove automobile trucks were used exclusively for
transporting the party. This proved a very satisfactory arrangement as the
railroads were paralleled by highways, which in many cases were adjacent to
the track, and there were very few stations where the trucks could not be
driven within a short distance. : :

On the Wisconsin line the grade corrections were obtained by the use of a
track level, thus obviating the -necessity for precise levels. The accuracy of
this method was tested and found to be satisfactory.

The work of the season was closed on November 20, 1920.

WISCONSIN.
[C. L, GARNER.]

SUMMARY OF RESULTS.—Frecise traversc: 64 miles of line completed; 56 principal
stations occupied for horizontal mcasures; 80 supplemental stations occupijed for hori-
zontal measures. Precise trinngulation: 100 square miles of area covered; 5 stations im
main scheme occupied for horizontal measures. Azimuth: 4 stations occupied for
determination of azimuth.

About June 1, 1921, work was started at Green Bay, Wis,, on thg line of pre-
cise traverse which will extend to the western end of Lake Superior, Enough
precise triangulation was done at Green Bay to connect the trglverge with the-
old precise triangulation of the U. S. Lake Survey. This work is being done at
the request of the U. 8. Geological Survey to furnish precise control for map-
ping operations in northeastern Wisconsin.

The plan followed was to have the entireé party work as close together as pos-
sible, usually from the same base. The building party was kept just far enough
ahead not to delay the other operations. In this way the office work apd corve-
spondence were much reduced, and the computations were more easily made
since all the records were available at any time.

Automobile trucks were used for transportation.

INDIANA,

[J. 8. Birey.]

SUMMARY OF RESULTS,—Precise traverse: Reconnoissance and_signal building, 105
miles ; observing, 120 miles; taping and traverse completed, 145 miles; 92 principal
stations occupied for horizontal measures. Azimuth: 7 stations occupied for determina~
tion of azimuth, . . ‘ ;

At the beginning of the- fiscal year 1921 work was in progress on the line of
precise traverse extending north and south through the center of the State of
Indiana, connecting with the thirty-ninth parallel precise triangulation at the
southern end and with the precise triangulation of the Lake Survey at the
xslorthern end. This work was done at the request of the U. S. Geological

urvey. ) .

About 20 miles were traversed over improved roads in the neighborhood of
"Indianapolis, The remainder of the line was along railroads as usual. No
especial difficulties were encountered on the work except in getting through
the large cities where the numerous curves, railroad yards, and traffic over the
streets made the work slow .and hard. Motor trucks were used for transporta-
tion. : .

The reconnoissance, building, and observing were completed on August 9,
and the taping two days later. :

OKLAHOMA.
[BEarL O, HBATON.]

SUMMARY OF RESULTS.—Precise triangulation: 1,400 square miles of area covered!
10 stations in the main'scheme occupied for horizontal measures; 10 geographic posi-
tions determined ; 10 elevations determined trigonometrically. Azimuth: 2 stations occu-
‘pied for determination of azimuth, - o :

Between May 25 and June 80, 1921, precise triangulation was executed to .the
westward - of the ninety-eighth meridian triangulation near Chickasha, Okla.
This is the eastern end of the arc which extends to Needles, Calif. :

The conditions for observing were good most of the time on this work, but
tra}lSDOrtation was difficult due to excessive rainfall and the nature of the soil.
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[RAY L. ScHoOPPE.]

SUMMARY OF RESULTS.—DBase line, precise ! 4.7 miles in length. Triangulation, precise:
2,125 square miles of area covered; 16 stations in main scheme occupied for horizontal
measures ; 4 stations in supplemental scheme occupied for horizontal measures; 16 sta-
tions occupied for vertical measures; 32 geographic positions determined; 16 elevations
determined trigonometrically., Leveling: 9.4 miles of levels run along base  line.
Azimuth ;-2 stations occupied for determination. of azimuth, .

- On September 4 the party engaged in precise triangulation at Williams, Ariz.,
was transferred to Mr. Schoppe. The party and outfit were then taken in five
automobile trucks to Allen, Okla.” There triangulation was begun where the
work had been left.in 1919 and extended westward to a connection with the
ninety-eighth meridian triangulation. The old towers were found in bad condi-
tion, as only such repairs had been made to them as were possible without re-
building. They were too insecure to use for observing in any but the most
faverable weather. Poor closures were obtained at station Turkey, when an
attempt was made to use the 60-foot tripod in a wind, The observations were
repeated later under better conditions with satisfactory results. ‘
The work was started on October 5, 1920. One Laplace azimuth was observeéd
at station Allen, and one primary azimuth at station Rosedale. Vertical angles
were measured at all stations. : ) :
Considerable delay was caused by the lack of bridges on the South Canadian
River and also by muddy roads. The local soil formation is such as to make
travel by truck practically impossible in wet weather. Trial was made under
all conditions, and it was found that excessive breakage of various truck parts
resulted from {rying to get through the mud. On November 9 all four trucks
were 1aid up for repairs due to this cause. '
. Connection with the.ninety-eighth meridian precise triangulation-was made
at:-stations Purcell, Table Hill, and Arbuckle Mountain, and the’ horizontal
measures of the season were completed on November 30, 1920. -
- =:0n. Decelnber 1 the party was assembled and started for Savanna, Okla.,
where a base line was measured. The base extended along a tangent of the
- Missouri, Kansas & Texas Railway for a distance of 6,500 meters, and over
siakes for the remaining 1,000 meters at the southern end. All measures were
completed on December 18 and the party was d sbanded on December 16, 1920,

OXKLAHOMA AND TEXAS.
[DAN W. TAYLOR.]

In September, 1920, a party was organized for the purpose of building and re-
pairing triangulation signals on the western end of the arc of precise triangula-
lation, which will éxtend from El Reno, Okla., to Needles, Calif.

The signals had been built several years, as the observations were delayed on
account of the war. Although the necessary repairs were rather extensive, only
three new signals had to be built. The chief of party was assisted by a truck
-driver and one hand. The party was d!sbanded early in November.

This work was resumed with a somewhat larger party on May 10, 1921, and

.on June 80 was completed as far as Clarendon, Tex. :

NEW MEXICO AND ARTZONA,
[CLEM L. GARNER.]

SUMMARY OF RESUL1S.—Precise triangulation: 21,300 square miles of area covered;
2 obsgerving tripods and scaffolds built; 14 stations in main, scheme occupied for hori:
Zontal measutes; 3 stations in supplemental scheme occupied for horizontal measures;
4 stations occupied for. vertical measures; 86 geographic positions determined; 25 ele-
Xgﬁf@fh determined trigonometrically. Azimuth: 4 stationg occupied for observation of

.On July 1, 1920, a party was engaged in precise triangulation in Arizona
and New. Mexico. This work is a link In the arc of precise control which
-Cventually will extend across the continent from.the vicinity ‘of Huntsville,
‘,1.51-, to the Texas-California triangulation just south of Prescott, Ariz., and
. I\‘f[h'ich will follow in.the general direction the line defined by the cities of
o Smphis, Little Rock, Albuquerque, and Williams. The section of the line

°}’ered during the season is from the vicinity -of Albuquerque; N, Mex., to
o8 Illigél(l)s, Ariz, The observations on this section: were finished on: August

het} N : ) S . e . ;
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The work done during the perlod up to June 30, 1920, is given in the
previous annual report. The observations were made by two observers, :the
chief of the party and R. L. Schoppe, hydrographic and geodetic engineer,
working on opposite sides of the scheme.

Muech difficulty was experienced in obtaining smtﬂble labor for the work

in the field, as triangulation in a mountainous country requires much exposure
and isolat1on as well as very hard physical labor, and is not attractlve to the
men.
Heavy rainfall was experienced from June until August. For a period of
nearly six weeks it was practically impossible to observe on heliotropes for
vertical angles, and often due to storms observations at night were impossible,
As a general thing, however, the weather was much clearer at night tham
durmg the day, and. the vertical observations were finished then by pointing
on the lights.

With one exception the equipment was practically the same as that used
by various parties engaged in similar work during recent years. The exception
was the exclusive use of electric lamps,

Transportation was largely by truck., The camp equipnient necessarily was.
reduced to a minimum in order to avoid overloading the trucks, and even then
the trucks were frequently overloaded on account of the extra supplies and
material for emergency repairs, which had to be carried in such isolated places.

There were 67 lines in the main scheme, and the average length of line is
56.8 statute miles. The average width of the scheme is 66 miles, and the length
is 408 miles, The longest line is 152.8 statute miles, and the second longest
line is 146 miles. These, it is believed, are the longest lines over which com-
plete observations for the figures involved have ever been made. Fortunately,
these did not cause any delays in the observations except -at station Ords. ~ At
the two other stations involved, the long lines were finished the first night.
Most of the long lines hinged on the station Frisco, and that station .was fin-
ished during the first night of observations. The success of the observations
over these long lines is largely due to the efficiency of the electric signal lamps.

Conneéctions with precise levels were made at Holbrook and Williams, Ariz.,
and at Los Lanas, I7. Mco,

Two observers were used on this work, and no other arrangement would
have been successful on this part of this particular arc of triangulation. On a
stretch of over 200 miles on the south side of the scheme there is no railroad
and not a single road over which trucks could be driven from one side of the
scheme to the other. If the work had been undertaken by only one observer,
some. of the moves from station to station would have required drives of 400
miles or more.

The chief of party visited the office of the Forest Service at Albuquerque
during the early part of the season. The officials there were very anxious to
secure points of control in their various forest reserves.

NEW. YORK.
[H. G. AvERs.]

SUMMARY OF RESULTS.—Precise leveling: 20 miles of levels run; 9 permanent bencb
marks established,

Between August 3 and 17, 1920, a line of precise levels was run from Molra,
N. Y., to Cornwall, Ontario, as part of the scheme to connect the precise level
nets of the United States and Canada at various places along the bounrl.m

The route followed the New York Central Railload

TEXAS, ILLINOIS, AND WISCONSIN,
[O. W. FBRGUSON,]

SUMMARY OF RESULTS.--Precise leveling: (1) Texas, 78 mlles of levels. run, 31 per-
manent bench marks established; (2) Illinois and Wisconsin 122 miles, of levels rum,

49 permanent bench marks established.

(1) From July 3 to August 14, 1920, a line of precise levels was run from
Tenaha to Gallatin, Tex., to. complete the unfinished portion of the line from
Hillsboro, Tex., to Naples, La.,

" The route followed the Houston, Bast & West Texas Railroad to Nacogdoches,
a distance of 38 miles; thence the Texas & New Orleans Railroad to Gallatin,

a distance of 40 miles.
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(2) Between August 24 and November 4, 1920, work on a line of precise
levels from Rockford, I1l.,, to Prairie du Chien, Wis., was completed as far as a
point 6 miles east of Fennimore, Wis. At this point the ill health of the chief
of party necessitated turning over the work to F. W. Hough for completion.

The route followed the Chicago & North Western Railroad from Rockford to
Freeport, Ill., a distance of 32 miles; thence the Illinois Central Railroad to
Dodgeville, Wis., a distance of 65 miles’; thence the Chicago & North Western
Railroad to a point 6 miles east of Fennimore, Wis.. a distance of 25 miles.

OREGON.,
[C. M. DURGIN.]

SUMMARY OF RESULTS.—Preclse leveling : 492 mlles of levels run, 196 permanent bench
marks established. .

Beginning July 1, 1920, the line of levels running eastward across the State
of Oregon from Klamath Falls to Ontario, with a spur line from Gap Ranch
to Bend, was continued from a point 55 miles east of Klamath Falls and com-
pleted on November 15, 1920, at Bend, Oreg.

From Klamath I"alls to Crane the route was along highways and passed
through Olene, Dairy, Yainax, Beatty, Bly, Lakeview, Valley Talls, Alkali
Lake, Butte, Egli, Gap Ranch, Riley, Burns, Lawen, and Saddie Butte. From

_Crane to Ontario the route was along the Oregon Short Line Railroad, a dis-
tance of 125 miles. The route from Gap Ranch to Bend was along the hnghways
‘and passed through Hampton and Millican.

A double observing party was used, the subparty being in charge of F. W,
Hough.

Transportation was bv means of three automobile trucks, except on the

railroad between Crane and Ontario, where motor-velocipede cars were used.

This leveling follows very closely the triangulation across the State. At
several places bench marks were so placed that the triangulation party which
followed could easily connect them with the triangulation scheme in order
to control the trigonometric leveling.

OREGON AND WASHINGTON.
[J..D. CRICHTON.]

SUMMARY OF RESULTS.—Precise leveling: 494.2 miles of levels rum, 297 permanent
bench marks established. \

On July 1, 1920, work was in progress on a line of precise levels from Weed
Calif,, to Aubum, ‘Wash., the line having reached Portland, Oreg.

The main line of the levels followed the Southern: Paciﬁc Railroad from
Weed, Calif,, to Portland, Oreg., and the Northern Pacific Railroad from Port-
land, Oreg., to Auburn, Wash,, with the exception of 9 miles of single-track
branch line between St, Clair and Olympia, Wash., and 74 miles of single track
owned by the Oregon-Washington Railroad and Navigation Co. between Olympia
and Chambers Prairie, Wash,

Spur lines of levels were run from Portland to Fort Stevens, O1eg and from
Centralia to Westport, Wash,

PFrom ‘Portland to Fort Stevens, Oreg the line followed the 10ute of the
Spokane, Portland: & Seattle Railroad. At Fort Stevens three U. S. Engineer
“‘bench marks, and at Astor'a, Oreg., one U, S. Engineer bench mark were re-

covered

From Centralia to Westport, Wash the line followed the route of the Gate
and Grays Harbor branch of the Nor thern Pacific Railroad to Bay City, Wash, ;
thence overland to Westport, a distance of about 8 miles. At Westport two

-.tidal bench marks were recovered.:

. Six tidal bench marks were connected with at Olympia, four at Steilacoom,
‘and one at Tacoma, Wash. Two other tidal bench marks at Tacoma were
found to be inaccessible on account of construction work, and two others were
over 100 feet above the track and hence required a great deal of time to tie
in, " No ‘tidal bench marks at Dupont, Wash.,, were recovered, although a
thorough search for them was made.

At Auburn, Wash., the end of the line, connection was made with two bency
; m&rks of the Seattle, Wasl., to Pocatello, Idaho, precise level line
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Motor-velocipede cars were used throughout the season. On several sections
of the work where the traffic was unusually heavy, and also where the route
followed the Columbia River, the use of the cars was extremely hazardous.

When using motor cars on leveling work it has been the practice heretofore
to mount the tripod of the ingtrument on a car of the side-drive pattern. This
method of mounting has not proved entirely satisfactory as: the side- drive car
hag-given more or less trouble in not keeping to the rails, thus subjecting the
instrument to severe shocks. The instrument mounted in this mapner was di-
rectly over the center of the track, and the line of sight passed close to the re-
corder who was seated in the second car.. The possible effect on the line of
sight of the proximity of the recorder and the second cal was balanced by
shifting the relative positions of the cars. )

For some time a center-drive type of car has been in use, and -itg greater
serviceability prompted the observer to design a mounting for the instrument
on this type of car and to give it a trial on 275 Kkilometers of the line.

In mounting the instrument on a center-drive car, an ordinary tripod was
used with the legs cut to the proper length, Two of the legs were bolted to the
car, one at each end near the side. The third leg of the tripod was swung
underneath the head and fastened to the side stringer of the frame of the car.
The tripod head was steadied by an extra brace to the platform in the center
of the car, and the entire mounting was inclined in such a way that the observer
could stand in line with the end of the railroad ties while looking through the
instrument.

‘While using this form of mounting, the rerunning of the party was not re- -
duced appreciably, but the residuals of the sections (B-F) showed no system.
atic tendency to increase.

MONTANA.
[{J. D. CRICHTON.]‘

SUMMARY OF RESULTS.—Precise leveling: 45.3 miles of levels rum, 17 bench marks
established.

This line of precise levels started from standard bench marks along the
Great Northern Railway at Hinsdale, Mont., and followed the roads northward
to monument No. 486 on the United States and Canada boundary, near the one
hundred and seventh meridian, The fleld work was begun on May 19, 1921, and
ended on June 18, 1921.

The Geodetic Survey of Canada is exten’ding a line of precise levels south-
ward to the boundary at monument No. 486. 'These two lines form a part of
the scheme to connect the preeise level nets of the United States and of Canada.
at various places along the boundary. - .

UTAH.
{B. W. HougH.]

SUMMARY OF RESULTS.—Precise leveling: 49 miles of levels run, 20 permanent bench
marks establlshed

On June 5, 1921, work was begun on a line of precxse levels to extend from
Green River' Utah southward to Halls ‘Crossing, thence along the Colorado
River to L’ees I‘erry, Ariz, At the end of the fiseal year.the work had pro-
gressed to a point 49 mileg south of Green River,

This work was undertaken at the request of the U. 8. Geological Survey, aud
it will furnish the vertical control for extensive- topographic operations which
are now béing carried on in that loeality.

WI1SCONSIN AND ILLINOIS.
[F, W. HoUuGH.]

SUMMARY OF RBESULTS.~—DPrecige leveling: Wisconsin, 44 miles of levels runp, 23 pef-
manent bench marks established ; 11linois, 19 miles of levels run and 10 permanent bench
marks establishéd:

From November & to November 26, 1020, the. line of precise levels from
Rockford, IlL, to Prairie du Chien, WxS, was compléted from a point 6 miles;
east of Penmmore Wis. :
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The route followed -the Chicago:& North Western Railroad .to the Wisconsin
River near “Woodman, ‘a distance of 22 miles; thence :along : the Chicago,
~Milwaukee & St Paul Raxlroad to Pralru, du Chlen Wis.,, a distance of 22
»miles.

Upon the comp]etlon of the lme the party ran check levels for..a dxstance
of 20-miles between: Freeport 1L, and Martintown, Wis., Whele an error, was
known to exist.

‘Between December 5. and 22, 1920, the: Rockton Sa.ndoval line was connected
by spur lines with pleVIOUSly established bench marks at Monroe Center,
La Salle, and Oglesby, Ill. The main line of levels was then extended 8
“miles along- the Illinois Central ‘Railroad: from: . Sandoval to Centralia, Il
A spur line was run from Sandova)l to Odm Ill a distance of 4 miles along
the Baltimore & Ohio Railroad.

- Considerable. difficulty -was experienced in locatmg old bench marks in the
vmmlty of Centralia’ upon which: to close the work. . The.old marks were
placed. about the year 1880, and since that time the culverts and bulldings
upon. which the marks were established have been destroyed or Temodeled.

. ILLINOIS.
¢, A, Eonmn]

SUMMARY OF mnsums —-Precise levelingc' 284 miles ot levels run, 256 permanent bench
marks established.

Beginning September 17. and completing the work December 22,1920, a
line of precise levels was rup from Rockton southward through the State
of Illinois to a point 2 miles north of Sandoval, ’

The route was along the Chicago, Milwaykee & St. Paul Railroad from
Rockton to Rockford; thence along the Chicago, Burlington & Quincy Rail-
road to Rochelle; again along the Chicago, Milwaukee & St. Paul Railroad to
‘Mendota, and the remainder of the distance to a pomt 2 nnles north of
Sandoval ‘along the Illinois: Central Railroad.: :

This line of levels provided: elevatmns for- the tvaverse Work along the sameg
route

. KENTUCKY AND TENNESSER.

[C M DUBGIN, F. W. Houvaxm, C.-H: Oprs, F. B, Jommu.]

" SUMMARY OF RESULTS —Predse leveling 289 miles of: levels. run, 135 permanent benchy
~'marks establlshed . k . ‘

Be"i.nnmg about the middle of April work was started on two lines of
Dlecme levels in Kentucky and Tennessee.’
" One line started from bench marks of the U, §. Engineers at Louisvxlle, Xy.,
~followed the Illinois Central Railroad through West Point to Blizabethtown,
Ky., a distance of 54 miles; thence along the Louisville & Nashville Rallroad
through Bowling ‘Green, Ky to Clarksville, Tenn., a distance of 184 miles.
The other line started flom bench marks of the U. 8. Geological Survey at
Cerulean Ky., followed the Illinois Central Railroad to Hopkinsville, Ky.,
3 dlstance of 16 .miles; thence along the: Tennessee ‘Central. Railroad through
:Glarksville, Tenn., to Nashv illg, Tenn,, a distance of 85 miles: -
Connections were made with. bench. marks of the: U, 8. Geolog;cal Survey at
%’est Point, Glas ow, Oakland and Bowling Gleen Ky, and at Nashvllle,
lenn, -
i RENTUCKY AND NEW: YORK

[C. H. OBER.].

: masrﬁﬁ“éé‘t‘;’élﬁ’ﬁe‘é“m‘“ —Pxecise leveling : 64 mues ot levels run, 37 permanent bench
b In June, 1921, the party took. the field in Kentucky to run a line of leveling
Weginning at Russellville This work was continued to Bowling Green, Ky,

here »\irork was closed on June25. .

: main party and a subparty were employed in this work each art havm

ﬂ"e men:with-an officer in charge. j , Py b

68584—21———8
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‘The subparty working south and west from Louisville, ‘and the main party
working northeast. from Clarksville, :effected a junction at Bowling Green
on June 25,

The Kentucky party was disbanded and a new party orgamzed in Bowhng
Green for precise leveling work in the State of New York. :'The motor truck
and party left Bowling Green on June 26 and were on their way to Buffalo,
N. Y., on June 28, The chief of party proceeded to Buffalo by rail, aruvmg there
on June 28, and was for the rest of the month engaged in reconnoissance and
preparatmn for field work, ;

ARKANSAS, OKLAHOMA, TEXAS, NEW MEXICO, ‘ARIZONA, AND CALIFOBNIA.

[W. B, I‘Amn‘mm) and G, D., Cowm]

SUMMARY oF ppsULTS.~~Latitude and longitude: 7 precise latitude stations estab
lished 9 differences of longitude (telegraphic) determined. - :

Duling the period between August 16 and December 31, 1920, chfferences of
longitude were determined bétween the following stations: Little Rock, Ark.;
Hartford, Ark.; Allen, Okla.; Pond Creek, Okla.; Dill, Okla.; Conway, Tex.;
Glen Rio, N. Mex.; Los Lunas, N, Mex. ; Willlams, Ariz.; and Needles, Calif.

Latitude was determined at Hartford, Ark.; Allen, Okla.; Dill, Okla.; Con-
way, Tex.; Glen Rio, N. Mex.; Los Lunas, N. Mex.; and Williams, Ariz,

t- the beginmng of -the season the' longitude statlon at Little Rock, Ark
was connected with the main scheme of triangulation in that vicinity.. :

. Field. operations closed for the season on January 4, 1921.

“The Western Union’ Telegrqph Co. as usual rendered assxstance in ‘the use
of their lines dnd in making the necessary connections

DISTRIC’I' OF COLUMBIA

[D W. EICI(EI BERG.]

Tests were made of the ﬂe‘mre of a portable aluminum stand resting on a
concrete floor, when the stand is used for gravity observations. ..:

The stand is the one used by the Survey for the zenith telescope for’ 1at1tude
observations. It consists essentially of a triangular-shaped head and three
legs with extensions made mostly of aluminum for lightness. It is held ‘to-
gether by means of. cross diagonals which -are drawn up by means of turn-
buckles

The usual method 61 observing flexure was followed. ‘

The results showed a flexure correction of 27 in the seventh place of the
period. of .the pendulum. This is rather large as compared with the average
value of 12, obtained when the case is mounted on the brick pier of the pendu-
lum room of the Coast and Geodetic Survey building, but plobably not too
large to permit of the stand being us.ed ) N

E}\I’FEIMENTAL \VOBK IN AS’I‘RONOLIY AND GRAVITY. o

[G. D ‘Cowig,]

‘ Durmg the latter part of the figeal year 1921 consider able experimental work'
was done at the Washington office on new auxiliary apparatus to be used .on

longitude work and in the ‘determination: of gravity.- A new wireless receiving

get that will record. wireless time signals on a ‘chronograph has recently been™
devised by the Bureau of Standards, and Mr. Cowie was occupied in making
tests and designing and collecting certain necessary, auxiliary apparatus. He

was also engaged in making magnetic tests of the new invar pendulums to

be used for gravity determinations, '

MAGNETIC WORK.
MARYLAND (‘CH'EL'I‘EI\TVHAI\[‘ MAGNETI(: onSERVATonY).f
[Gronan I—IAnwnnn] '

’.I.‘he work of the Cheltenham Magnemc Observatmy has been continued:
throughout the year without material interruption. - The variation instruments:
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have required very little adjustment and the absolute instruments have given
satisfactory results. )

The seismograph has performed satisfactorily during the year and 26 earth-
guakes were recorded.

Mugnetometers Nos. 40, 19 and 38 earth inductor No. 22, and dip circles Nos.
36 and 56 have-been compared with:the standard mstruments of the observatory.

A new wireless 1ece1vmg set- purchased in- June has been tested and found

very sntxsfactorv . . . .
‘ ARILO\IA (TLCSON MAGNETIC OBSERVATORY)
[S. A, DEEL July 1-Aug. 26, 1920 W H, CULLUM, Aug 27 1920-June 30,1921.]

The observatory work' was continued W1thout ‘interruption throughout the
year, The variometers of the magnetograph required considerable adjustment,
and much trouble was e\:perienced in getting a satlsfactory rate of the dmving:
clock of the recording apparatus. )

Absolute observations were made once a week, scale value determinations at:
least once o month, and meteor ologle observations daily. '

The seismogi aph has' béent in' continunous operation and ‘85 earthquakes were
recorded. The use of a make-circuit ¢hr onometer f(n markmg time on the sexs—
mograms has proved very satisfactory.

The chronometers were kept rated by means of weekly comparisons in Tucson
with telegraphlc time signals from Mare Island.

Nécessary repairs were made to the: observatory buildings

N omo, 1LLINOTS, .wrscozvsm.
WM. WAi.mm MnnnvMoN i
STAerNs occupmn ——Ohlo, Cleveland Illinois, Uibana Wisconsln, Madison

All of the stations were 1epeat stations reoccupied for the determmatlon of
the secular change. At Cleveland the station was re-marked so that it will
now be available for a long time.

.The nature of the work, and information about ‘it and the Coast and Geodetic
Survey and the. furnighing of magnetic data by the Survey, was communicated
to a number of surveyors and engineers and other persons interested at each

place. o
k NEW MEXICO.
[S. A. Doer.]
STATION occupiep,—State College.

At the request of Prof. J. W. Jourdan of the Department of Oivil ‘and Irri-
gation Engineering of the College of Agriculture and Mechanic Arts, a- meridian
li[ne;i was established and complete magnetic observntlons made at the above
station, :

| WASHINGTON AND' AI}ASKA. o
[.‘I T, Wu'xms] “’

In aceordance wrth an arrangement made with the Ooast Guard to secure
magnetlc observations on the shores of Bering Sea an dthe Arctie’ Ocenn the:
dbove officer left Washington, D. C., for Nome, Alaska, on May 21, "While
Awalting a steamer at Seattle, Wash,, he made completé magnetic observations
at the old station in Seward Park. He reaclied Nome on June 18 and made
observations at that place before the end of the fiscal year.  He then joined the

oast Guard steamer Bear and will as far as possible make observations at the
Dlaces at which she stops during the summer :
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ALASKA.
- [F. H, HarpY, Commanding Steamer, Sm;veuqr.] :

SUMMARY .OF RESULTS.—Reconnoissance: 464 square miles of area ‘covered, length of
Scheme 22 miles: 9 lines of intervisibility 'determined; 8 points: selected for scheme.
Tridngulation: 217 square. miles: of area covered; 24 signal poles erected; 14. stations
in-main; scheme. oecupied by, horizontal measures; 3. stations in supplemental scheme
occugied by horizontal measures; 9 stations occupled b{ vertical meagures; 63 geo-
graphic positions determined. Magnetic work: 3 land stations occuPiedf for magnetic
declination ; one station at sea occupied, at which ship was completely swung. Topog-
raphy : 253 square miles of area surveyed; 25 miles of general coast line surveyed ; scales
of hydrographic sheets:1: 10,000 and 1:5,000.  Hydrography: 180 square miles of area
covered; 131.1 miles run while sounding; 631 positions determined (double angles);
816 soundings.made; one tide station estublished: three hydrographic sheets finished,

scale 1:100,00, 1: 20,000, and 1: 10,000,

- On-July 1, 1920, the steamer Surveyor was at work on.the coast of southwest-

ern Alaska. It was planned to keep as many parties-in the field 4s the com-

Dlement and surveying equipment. on board would allow, and before reaching the’
working grounds to put out four observing parties in Shelikof Straits, to com-

plete - the. large: figure. in the triangulation which had been begun during the
previous season. Owing. .to the severity of the weather and the quantity of

snow it . was impracticable to-establish. these parties upon arrival on the work-

ing. ground, and the whole. party was taken to King Cove, where the work of

putting the steamer Yukon in condition was taken up.. The attached parties
were. established in Shelikof. Straits upon. the first trip of the vessel for a sup-

ply of oil on May 12 and 18. R : . o ' -

The principal and most, important part of the.work required was the con-
nection of the triangulation in the vicinity of Shelikof Straits with that in
the vicinity of Mitrofonia. As the extension of the western part of this work
necessitated reconnoissaunce, the work could be carried on quite as readily
and more economically by leaving the portion from Cape Ikti to Castle Bay
to a party on the launch Yukon, and utilizing the remaining officers and. in-
struments in extending the work from Shelikof Straits to the westward, where
mountgin peaks Had already been determined and the:ship could be used in
hydrographic. work. while triangulation was in progress.

Having determined a. line on Cape Unalishagvek for extending the triangu-
lation to the westward, it had been planned to concentrate the latter force of
the party on, work: in: the viecinity of Chignik Bay.  However, the unforeseen-
shortage of oil necessitated the cutting. out of as much running as possible, and
thig fact in. connection with the receipt of, telegraphic instructions to forecast
and gather information in regard to Kialagvik Bay (Wide Bay) made it de-
sirable to concentrate all the efforts of the party on the extension of the trian-/
gulation from Shelikof Straits to the westward. }

During the season the existence of a rock was reported in the vielnity of
Lighthouse Rocks; one trip was made to the location reported, but no evidence
of the danger was found. During the whole season every opportunity was
taken to make observations. L o

The triangulation was divided into two parts, that extending from the work
of the previous year in the vicinity of Cape Ikti to the. eastward and the other
from:the line Kekurnoi-Ridge in Shelikof. Straits to the westward. Commencing
with the line Village to Copper determined during the previous year, triangula-
tion was extended by a quadrilatera] to the line Goat-Slope, then by the triangleg
Goat-Slope-Ship and Goat-Village-Ship to Ship-Goat from Ship-Goat to Fool-
Kits by the four-sided central point (Pudding) figure with both diagonals
observed. From the line Fool-Kits it had been planned to determine the line
Kumliun-Atkulik by a four-sided, central pointed figure with Nak as the central
point and the diagonal Kits-Kumliun observed. - Alfthough several attempts
were made. to observe-the line Kits-Kumliun it was found impossible to get a
determination of the line from either station owing to the clouds which covered
Kumljiun when Kifs was occupied,. A double determination of the line Kum-
liun-Atkulik can be determined by the observing done, but the flgures are not
strong enough to use this determination in carrying the work to the eastward.
To extend this work to the eastward from the line Kumliun to Atkulik it was
planned to establish and determine stations:on. the highest point onl Sutwik
Island with a central point on the little island south of Cape Kumliuy 'if the
strength of figures necessitated the establishment ¢f such a peint.  From the
line Atkulik to Sutwik, points on the Semidi Islands can be determined.

- The work in Shelikof Straits was extended from the line Kekurnoi-Ridge,
.determined in 1919, to the line Xekurnoi-Top by a simple quadrilateral.. From

.
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the tifle Ixekumoi Pop: the line Cold-Shag was determined by:the quadmlateral
Kekurnoi-Shag-Top-Cold;. From the:line Cold-Shag the line Kenatak-Igvak was
determined by a four-sided central-pointed figure, the central point. belng at
Jure, and the diagonal Shag:Kanatak ‘observed.: The line Igvak-Becharof was
‘determined by 'a ‘simple triangle; ‘Becharof being concluded.: A . check on:the
line Igvak~Bacharof which will :‘be used in extending:this work to the westward
¢an ‘be obtained by utilizing Una, 1919, on ‘Cape ‘Unalishagvak, or -probably. by
_the establishment of a new station on a peak backifrom Kialagvik Bay.. To
establish this station’ it ‘would be necessary to. climb approxmmtely 2500 feet
and go back from'the 'coast for a distance‘of 4 or § miles. i .- )
" It would be possible fo measm‘e‘ a base .on’the-sand  spit: between Ghigmk
Lagoon and Chignik Bay. The length of such:a base would:be approximately
2 miles, ‘and it ¢ould be connected  with.the main . seheme with good figures.
‘Althoughi‘nio reconnoissance 'was done'it may be possible to estabheh a ba.se site
from the ‘southern part of Kialagvik Bay. i

"Halibut 'Cove on Kddiak Island offers ‘an ideal: place for the measurement of )
the base, and the base could be connected with the line Ridge:Ikolik of the main
‘scheme. ' However, the line Ridge-Ikolik affords; a weak connecuon m the, mam
‘scheme for centinuance to the westward! i

The ‘aréa of Shehkof Straits -from ‘Cape Yuak. south to Oape Ikohk not pLe‘
viously done was completed during: this year. 'The tide gauges at Kodiak and
Baralof Bay weré repaired-and the/former-dismantled at-the-end.of the season
and brought to' Seattle; During weather: when it was -impossitileto. work: with
‘the vessel a survey’ wds made ‘of the south portion of Halibut-Cove.  This was
done for two reasons, first to'take advantage:of the time and seeond to give.the
surveying launch a thorough trial under a new engineer before: puttm,, pzu ties g
out to work in the exposed waters of Cold and Portage Bays. !
_'The wedather during the seaSon was extremely unfavorable for the plosecu-
tion of .the triangulahon

During the season Coast Pilot- notes wete collected coveung the locahtv m
the vicinity of Chignik and thenee up ‘the Alaska ‘Peninsula to Gold Bay. : These
Cosast Pilot notes, together with :those ‘Incorporated in: a: descriptive repont ac-
companying hydrographlc sheets, furn: shed mformation for the whole area of
the w mk as51gned to the survey. }

[T J MAHEE, Commanding Steamex: S’umeyor]

) SUM\:ABY oF nmsums ——Trlan lation: 840 square - miles of aren covered 10 signal*
poles erected ; ‘88 observing ‘tripods buflt, ‘heights from-16 to:20 feet; 11. stations in ‘main
scheme occupled for horizonta measures ‘8ptations occupled for -vertical- .mensures ; 43
geographic Fosltions determined.  Leveling: '8 permanent bench mearks. established ; one-
‘hglf mile of levels run. Magneti¢ work : Ship swung at 2 sea stations at sea. 'J.‘opo
‘raphy 1. 83 square miles. of ;area mu-veyed 527 miles of detailed shore. line surveye
scalé of topographic sheets 1: 10,000 and 1: 20,000 Hydro aphy: 1,808.1 square
!(xgtl,el% lofaggfg.s)covseﬁ% sgﬁiﬁ(ﬁ I?gsmli!}e% rug t\;v(?ille teocx;nd.mg ta gl? ]? positions d'e:texmined
establi:hed :scalesof hydrographic: shze?:s Az 10%03 g o;g 0%‘0 slzeg b Y curxen stations

“The work assigneéd to' the steamer Surwyor for thetseason uf 1921 mcluded.
‘the shlp ‘hydrography west of ‘Forrester, Baker, and: Noyes Islands from :the -
‘western’ limit’ to- complete 'workto ‘the .1;000-fathom curve; :triangulation suffi-
cient to give control fop the: topogmphic gurvey : of Baker and:Noyes. Islands,
‘the scheme being laid out, if 'possible, 'withia view to. :strengthening ;the two
loopé of ‘$mall figures which Jo'n Iphigenin and Bucareli Bays;-a topographic
survey ‘of Baker, Noyes, San:Pedro, and ‘Noname- Islands; ‘the rectification .of
_errors in the’ topographic survey of Meaves Passage, and; mShore Jaunch hydrog-
raphy along ‘the coasts and inthe bays and inletstoconnect-with. the ship
“hy drography, magnetic observations su‘ﬂi(‘ient 'to debermme the wariation, and
any locdl ‘irregularities. :

. The vessel arrived at the worklng grounds in Alaslxa at Santa Cxuz» Bay,
Suemez Island, April 16, 1921, : i
* The statlstics of work ‘done up to June’80 are given ﬁbove .

The soundings wereup ‘and down -with the vessel istopped,’ using the Miller-
Diike and Sigsbee sounding’ machine avith “stranded - wire, 80-pound. lead, and
:also detachable sounding shot,’ “No tube:or hand-lead:soundings were made, -
The depth varied from:60 to 1,000 fathoms. Hleven:stations were occupied in
Lthe’ triangulation and ‘27 stations in supplemental -scheme-covering an :area: of
‘s41? Square mi'es "The supplementa’l scheme A within the limits of the: main
-$cheme,

Launch hydrography was done' in vieinity of: Steamboat aBay, Noyes Island
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“In the topography 52:7 miles of shore hne were run;-and. 83 square miles cov-
ered Survey of the west coasts of Baker and Noyes Islands was In progress at
the close of the year. ) .

Two ship swings were made for devmtion of compass.

* From the 8th to the 15th of April the vessel was. at. Metlakatla, Alaska and
the party ‘was engaged in laying boat ways, putting in the water launch 47
and ‘installing in it machinery, boiler, tanks, and equipment, The wheelhouse
on the Cosmos was rebuilt.

‘On "April- 18 ‘reconnoissance: for tuangulation was started, | By the close of
the fiscal year this had been: completed,; all stations eqmpped .and the two ob-
jects in view attained, namely: Control for the topographic survey-.of Noyes and
Baker Islands and strengthening the loops, from Lplngemn to Bucm eli Bay. The
closures were rather. large. ' Ship hydrography -was in progress continuously.
The 'work being offshore, ‘anchorages were not available; so ‘the -practice was to.
stay at sea from Monday morning to Saturday. afternoon each week. " It was

“necessary toestablish' sea watches, eight hours constituting.the time of duty
ifor each watch. ' This.procedure reduced the number of men and officers avafi-
able for detached parties; but permitted almost continuous sbip hydrography.

The topography at first progressed slowly. The work-is along exposed coasts
and of such character that -only experienced topographers can execute it satis-
factorily. In connection with the supplemental scheme of triangulation topo-
graphie- work ' was-done along. the west coast of Baker Island, and a traverse
‘was run along the coast of Noyes Island. Some current observations were made,
‘but before the vessel’ can be used for systematic observations of currents in
localities where deep water is found suitable amprangements will have to be made
for anchoring:in deep water.

- Two ship swings were made- primanly for the adjustment of the compasses,
but the observations may be used for.the determmatlon of .the variation.  Sev:
eral small pieces of work south of Noyes Island remained to be done’at the close

-of the fiscal year to fill in deficiencibs of the chart and develop reported shoals,
the survey of entrances to some of the harbors, and the location of errors ih the
’topographic survey where the sheets did not make a. satisfactory connectlon

rr. J. MAHFu, Commanding Steamer chonan]

. SUMMARY OF RBSULTS.—Triangulation: 16 square miles of area covered 24 stations
occupied for horizontal measures. Topographv 16 square miles of area surveyed; 19
miles of detailed shore line run. Leveling: 2 miles of levels run. Magnetic work 3
‘shore stations oéccupied for magnetic -declination ; -2 gtations occupled for deviation of
compass.” ‘Hydrography: ‘280 square miles of area covered; 1,147.9 miles run while
gounding ; 9,382 soun ings made; 5,430 .positions. determined . (double . angles) Wire-
drag work 16.3 squane miles of area covered 2,082 soundings made. R

“In March, 1920, the steamer Wenonah was directed to proceed to southeastem
>A1aqka and take up - the - hydrographic and topogmphic survey .of Clarence
*Strait from a junction with previously completed. work:in the vicinity of Point
Nunez and West Devil Rock to a jutiction with Vallanar and Grindell Island.’

~Assigned to ‘the steamer Wenonah for this work. were steam launches Dclta,
‘and No. 117 and motor launch No. 88. . The. ship’s boat equipment consisted of
one whaleboat, two dories, two 'dinghtes, and one motor dory. . A.wire-drag outfit
was obtained from the .warehouse.in Seattle, which was part.of the old outfit
left by ‘the party on' the steamer . Eaplorer, and proved altogether unsuitable for
the work,: No gpare parts or extraequipment were furnished... On June 30 the
party sailed for Nichols Bay. -On.June 2 the.ship with launch No. 38 in tow,
“started for Alaska.. On Sunday, June 6, the vessel anchored off Ketchikan, . On

‘the 7th coal was taken:on board, and the vessel proceeded to Metlakatla and
‘began work on:-the boathouse there.. From that time to the end of the month the
entire party was engaged in repairmg the launches and. instal]ing boilers and
engines ‘on them,

On June 30 the party smled for Nlchols Bay, from which place on July 1 the
wire- drag survey .of..the waters,between Cape. Chacon, and Nunez Rock was
‘begun. * Points: located: by former survey intended. to be used , for. control
‘were not recovered, and plane-table triangulation. was started, but dlsm epapcies
were found in ‘the-original survey which resulted in some confueion It was
‘then‘decided -that :points.should be located by triangulation. A scheme of
‘triangulation was completed which furnished.the locatlons. of points niore’ ae-
‘durately than the plane-table determinations, but with a less degree of accurgcy
than tertiary triangulation. Three triangulation stations furnished the control.
The’two bases started -from:one station which, was: not visihle. from the other
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two stations ‘the “two last ‘mentionediiwere intervisible,; but:so:- located as to
furnish an aztmuth only:* Thé: scheme was carried through in two ways which
checked, so’'that no error exists ‘which wouldin-any. way - affect :the hydrog-
raphy. ‘' The! triangulation was done: only . for . the purpose: of - checking  the
location of points. The scheme was carried up.‘'the -southwest channel of

Nighols Bay, as the hydrographic party reported discrepancies there..

‘The work 'completed during the season ‘included a  wire-drag survey from
Capé Chacon; 5 nautical miles westward .and south: of . Nunez Rock; the re-
.vision of 19 rniles of topography from:a point 5 nautical miles. west;ward from
‘Cape Chacon around the cape and 1-mile to the northward, including Nichols
Bay; a close hydrographic:survey from Cape Chacon to. a point 5 nautical miles

“to the westward south of Nunez Rock, mcluding the bank on which the rock
was located; a close hydrovrqphxc survey of ‘Nichols Bay, wire draggingthe
northern channel to:Nichols Bay. the establishiment of a ‘tide staff in the bay
and--the maintenanCe of :another. at the entrance for. comparative readings L
close inshore hydrographic devélopment from Cape Chacon to Gardner. Bay,
ship hydrography from the latitude of Nunez Rock to 1 mile south of West Devil
Rock, thence to a point 1 nautical mile. east of West; Devil Rock and north to
the latl’mde of Gardner Bay’; the maintenance of the tide 'staff in Gardner Bay;
the recovery of 8 triangulation stations, the’erection of signals, and the occu-
pation of 24 stations; ‘the permianent’marking .of 108 hydrographic. stations,
the éstablishment of 9 tidnl bench marks, redescribing.and releveling tidal bench
marks at Ketchikan and Metlakatla ;- shifting the. automatic. tide- gauge from
the north'to the south end-of! Ketchikun; and. the installation of a new float
box'; the’ Inspection of the chart -agency at:Ketchikan, and interview with the
chart agent ‘at Prince Rupert, British. Columbia; three sets: of magnetic.obser-
vations and two ship's swings; a 1eviswn of - the topography of :Ketchikan begun
and’ half completed: :

*% During July the weather was unusually good. though toward the end ‘of, the
month it was not' possible to start work until noon each.day on account of the
fog, A tide staff: was erected in-the first bight; at the head of Southwest
Channel in Nichols Bay, on “which observations: were  made day,:and,. night.
~‘Wire-drag work was continued-throughout the month,: A 800-foot. drag. was
“used, set to 72 feet sc as to give an effective depth at 45 feet. Owing to the
strong currents and the fact €hat the launches lack power, difficulty was.ex-
perienced in handling the drag, and it’was difficult to continue the drag lanes
of uniform-width. Topography and triangulation were carried on by the chief
of party at’'the same: time. Owing.to the removal of the lighthouse wharf at
Ketchikan it was‘necessary to move:the automatic tide gauge.to a dock at the .
southerly -end of:the town and to install.another float box, Water. levels were
used in placing: the new: staff at the same elevation as the old. It was tem- -
- porarily connected:by:leveling. with a.near-by bench.mark. . The Lighthouse
Department :built the ‘gauge house which is a very satisfactory structure. .

Work was - continued': during: August ‘with .some . delay on account.of .thé
difficulty: of gettingisupplies of coal.- Triangulation, topography, launch hydrog-
-raphy, tide observing, wire-drag work, and leveling. were done.  From.the cape
‘to 5 miles to the westward and from the south end of Prince of Wales.Island
“and-along Nichols: Rock ‘the area had been dragged except close inshore In -
order to cover possible ‘gaps:in this work a detailed: hydrographic survey was
begun with a-development possibly closer than. anywhere else in, .Alaska,. which -
was necessary as vessels going around the cape use this area exclusivel N

During - September field- work : was continued. from. Nlchols Bay, . urt’her
delay ‘was experienced -in getting supplies .of coal.... From.the 1st.to the 14th of
the month po fleld work: was-done,.. This delay prevented ‘the completion of the .
ship and launch hydrography. of Clarence Strait. . .., :

During August a hydrographic survey was made ‘of I\uchols Bay At ﬂmes
when: it ‘was not practicable to. work outside, a short drag. was run down ‘the
channel to the bay:outside:the area; but the bay was. completely. dragged. .

During October ship and launch work was carried on from Gardner Bay.. Good
progress was méide, but weather was unfavorable, - A little additional work wis
done off the rocks at the north-end of Gardner Bay.  Shoal soundings were ob-
tained in the channel-off the south entrance, and a.shoal sounding off the.rocks -
on-the north side of tlie! south entrance.. Among ﬂshermenzthiﬂ‘ bay has. the.
reputation ‘of being the best: anchorage along.the. coast, It is well ‘protected
“from:the sea. A close survey was made ot Mallard Bay, at the head of which
the topographic party found a mine where considerable development work had )
‘been done. Although -the survey along the coast was not completed  the -ap-
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proaches ‘to ‘the mine were connected with .surveyed -waters :around ‘West Devil
Rock; ‘and- shoal soundings: were- obtained.. which might. indicate uncharted
dangers, but aclose development ‘was not made: . A junction was:made west of
Puke ‘Island with-launch work - done during precedmg years A tide‘staff was
maintained in"Gardner Bay.

On November §'the:ship convoyed the launches to Metlakat]a, arnvmg thele
on‘the same day. ‘From November 4 to the 10th the party was engaged. in laying
up the Iaunches, :cléaning, painting, stowing away small boats, and making
n general mventory On 'the 13th the bhip s:uled for Seattle arrwmg on the

16th
[.T H HAWLBY,’ Commanding Steamer Wenonah.]

SUMMuzr OF RESULTS, —~’1‘tiangu1ation 105 .square miles of area covered 26 signal
oles: ergcted ; 11 instrument stands bullt 2 observing ‘scaffolds built, height 64 feet
g stations In ‘main scheme occupied for ‘horizontal measures; 5 stations in supplemental
scheme occupied for:horizontal measures; 8 geographic ;positions determined. = Leveling:
11 permanent -tidal bench' marks established Magnetic work: One land station  ocen-
pied” for. magnetic variation ; ship. swung at .one station at sea. ~Topography: 83 squdre
ileg’ zof areg surv ed s 132 miles of detailed shore 'line surveyed; ‘3 tDDOgraphic sheets
nished ‘scale 1:20,000.  Hydrography: 278 square miles ‘of area covered; 890 miles
run ‘while sounding ; 4,110 positions :determined (double angles) ; 9,568 soundings made;
4 tide stations estab]lshed 3. hydrographic sheets. ﬁnished scale 1: 50 000 and’1'; 20, 000.

" 'In' March; 1921, ‘the Wenonah was.at: Seuttle undergomg repairs, obtainmg
supplies, and’ making generdl preparations for- field work,. On.Mareh 29 the
vessel /1eft” Seattle and proceeded to Ketchikan, -Alagka, arriving on April 2,
From this date until April 17 the-ship 'was at Ketchikan and :Metlakatla .en-
paged in launching ‘and outfitting the launches that had heen stored. at Met-
lakatlaat the end of: the previous iseason.. On April 18, the Wenonah left
Ketehikan: ‘with ithe three launches in:tow, proceeded to-: M’oira Sound, .and. in
the afternoon began the combined surveys in Clarence Strait, which were con-
tinued until:the ‘end ‘ot -the fiscal ‘year."

“The party engaged in'triangulation was at work until May 23 recovermg and
re-marking ‘the stations ‘established in 1912 that were used in the Dresent
‘primary schéme. ‘Eleven of these stutions were recovered, at each of which an
Instrument stand was installed: Scaffolds about 30 feet in height were erected
at stations’ Duncan and Wedge to provide .a 11ne of sight between these
stations S -\

. “"Observations for the primary trlangulatlon were begun on: May 24 .and con-

tinued until ‘the en@ of ‘the fiscal: year: - The observations were commenced
at the line Skin-Gravina and the -work carried south from this line. . At the
end of” June observations: had ‘been conipleted -at -five stations: of .the main
scheme.’ 'Thé -observationg 'were made ‘during 'the day, and the trmngulation
closures were well within the required limit. -

- Bomie tertiary work was done i recovering and re-markmg nine supplementaI
stations -of ‘the 1912 scheme- and robservations were made.for ‘the locatlon of
eight additfonal stations for the coxtrol of the topography and hydrography. .

Topographic work 'was begun on April 21 in Moira Sound. : The topogmphv
was completed from Black ‘Point around ‘to Niblack Anchorage .and fronr.
opposite ‘Black Point ‘around to ‘8cott Point, 'including Ingraham Bay.. A .
topographic traverse was ‘then run from Scott Point. southward -to Gardner
Bay to 1odate signals- for inshore hydrography. After this ‘was completed work
was stdarted at Adams Point - and extended northward to" Chasina Anchmage,
mcluding Port Johnson. -

‘The inshore hydrography on the west side of Clarenee Strait was completed
from the ‘limit ‘of ‘the 'previous work “at-the entrance to: Mallard Bay. north- .
ward of ‘the ‘Wedge Tslands, -including ‘the survey at Gardner Bay, Ingraham
RBay, the entmnce to Mou-a Sound a8’ far west asg. Black Pomt and Port
Johnson, '

" “The ‘ship hvdrography was begun dat the north lint ‘of the prevxous work
opposite Kendrwk Bay and exteuded northward: to the entrance 0f; Chasma»
Anchorage

An automatic tide gauge was ‘installed at the- entrance to Moira Sound on ‘
April 23 and continued in operation’ until the end -of the year. Observations:
at ‘supplementsl staff gauges were obtaineéd during the course of the inshore
'hydrography at Hidden Bay, Gardner Bay, and Port Johnson. . <

Observations for ‘magnetic variation ‘were: obtained at three stations of the-

primary triangula’tlon scheme
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e I, H Hrck,: Commanding. Steamer Haplorer.]

! "SUMMARY OF RESULTS. -—-Reconnoissance ‘for ‘primary triangulation : Length ‘of 'scheme,
8 miles’; 42 :square miles of area coyered; 8: unes of ‘intervisibility: determlned 2 points
located Yor scheme. Triangulation . (teltxa.ry) -50.square miles of .area covered 6. signal
o]es erected; 7 stations in ‘main scheme occupied for 'Horizontal medsures; 17 ‘stations
supplementa scheme occupied for horizontal measures; 382 ‘geographic positions de-
termined. Leveling: 12 permanent bench marks estabhshed 5 miles ‘of levels: . run,
Magnetic work: 6 la.nd stations occupied - for: magnetlie, declination. Topography.: 250
% are, miles of area sulveyed 71 miles of general coast line surveyed 10 topographic
eets finished, scales 1 40, 000 and 1: ‘20,000," Hydrogr ?F (Wire: dtag) 298 square
miles of - are& dr gged ;889 -miles run while dru.gglng, 7,14 angles measured ~141 sound-~
ings made; tidal .stations. established ; current statlons occupled ; hydrogmphic
sheets ﬂntshed scale 1: 40,000,

On July 1, 1920, the steamer Dmplorer w1th launches Helwnthus and Scandb
navia, was engaved inicombined :operations in southeast -Alaska, paying par-
ticular attention to:the, wire-drag work. All classes of -work were in piogress
at the beginning of the year. .

The main scheme of triangulation was completed by the middle of August. P

Supplemental triangulation was.carrieid- on to locate additional stations in
sufficient numbers -to meet::the prescribed standards- of .the. Alagka..work. . All
stations were marked and described, and reference. marks were establ-ished, at
each station occupied. = All of the triangulation: was completed before leaving
the field, and additional observations.were made ‘where necessary, . :

The reconnoissance was, practically completed during the prevmus ﬁscal year,
but the scheme. contained a very short line at Point League. . The scheme was
revised, but the requisite signals. were not constructed, and this work .was left
until the permanent triangulation party was ready to occupy them..

Observations for the: magnetic declination were made 4t all main—scheme
statlons

The topographic work was carried on by one parts through the season, and
by an additional party for about half the season. . Progress was somewhat re-
tarded by the breaking down of the engine on one of the launches, making it
necessary. to.use a jpulling boat for transporting, the party, .

In spite of this handicap, the topography was in advance of the other work
by the end of the season, and bad. it not been for circumstances connected with
the drag work the entire area- flss1gned could have been finished.. Both shore
lines .and form lines for an.average distance of 3 .miles back from. the, shore
from each side, of the channel were completed from the southern limits of the
work to.and including Grand Island, - Severdal unfinished stretches of shore
- line left at the end. of .the season 1917 were completed this year, Each of these
stretches required more time than, it would have if finished at that time, as it
was necessary-to carry a traverse from some distance to establish new stations
for the control of the work.. The shore line was typical of the. Alaska ‘coast :
rocky shores. with stretches of sand beach, occasional almost impussable cliffs,
in some cases.the shore being fhinged with oi‘f lying .rocks and kelp beds.

. Automatic tlde gauge observations were continned through the season  until
Qctober 11 at Taku Harbor Cannery. 'The bench marks established were con-
nected by leveling with a bench mark established in 1888, .

‘Tide staffs were placed in the localities designated by instrfuctions, excepting
.one, and in.one additional locality, and enough observamons were, made at each
‘to, determine the staff readings of the plane of reference.  Observations were
made and bench marks established at Cleveland  Passage, Hobart Bay, Pybus
Bay, Gambier Bay, Windham. Bay, and Holkham Buy entrance (cove just west
of Woodspit). The staff in Hobart Bay was necessary for the .control of work
near this anchorage. :

The staff in Gambier Bay was established on Good Island near the anchorage
in regular use; this was conneéted by simultaneous-observations with the staff
‘established, at fhe cannery wharf, and referred. to previous bench marks, The
eading on staff of mean low _Wwater, -deduced from this comparison, 1s almost
exactly that deduced by comparison of the series at ‘Good Island with the auto-
matie tide gauge record at Taku Harbor.

'Preliminary examinations of the results.and comparative' curves indicate that
'.I.‘aku Harbor is a.satisfactory location for the automatic gauge, as the other
curves are very similar except for the known difference in height of the tide.
It may be noted that in'no case were the currents observed to meet as far south
as the. entrance to Taku Harbor, and in géneral the meeting place was northerly
at Point Arden as indicated on the chart. .Current observations were begun
in.the middle of September. . Observations were obtained at two stations, ‘which
though in or mear the: channels were selected ehieﬂv because of the moderate :
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depth of water. The results were just sufficient to emphasize the lack of
knowledge of the currents of this region. . The observations made at the first
station are useful, but tend to give a wrong impression both of the strength and
the confused character of the currents, as this point is probably less affected
by the currents in and out of the numerous bhays than any pother that could have
been selected.

The observations were made by the Eaplorer anchored with the kedge and
wire cable in. depths up to 80 fathoms. She had no facilities for anchoring
in greater depths, and the anchor was too small to hold her-in a strong wind.

A moderate amount of sounding work was done with the lead line, but more
is required. No power boat was available to carry the line of Soun(hng behind
the drag.

Some hydrography was done to locate the more obvidus defects in the charts
of the bays and harbors. This work was incomplete because of poor locations

- and insufficient time to make the proper development, but the 1esults wele of
importance.

Various notes were made of facts of interest discovered durmg the season
that affected the existing Coast Pilot. The localities were taken up in the
same order as in the Coast Pilot.

At the beginning of the fiscal year wire-drag work was in prOgl‘eSS, but under
a great handicap because of lack of apparatus and material.- The way to get
a solution of this problem was just being realized, and all this was worked out
during the present season. The resulting changes have revolutionized Alaska
wire-drag methods to such an extent that in deep-water work the old methods
could not be returned to even if desired. The methods developed on the
Atlanti¢ coast have proved to be not well suited to Alaska because the drag
moves too slowly. IExperience shows that no assumption in regard to the
direction 'of the currents will work out, and in such a region as Stephens
Passage the drag which can proceed regardless of currents is the only prac-
ticable device.’

The total output of the season’s work and the maximum daily output are not
the true measure of what can be accomplished, as the work was handicapped by
lack of material throughout the season, and at the end it was doubtful whether
the supply of wire and drums would hold out. The real accomplishment of the
season was the working out of an idea which had the double merit of greatly
decreasing the maintenance of the work and increasmg the output in a given
time. The daily output under the conditions met with in May and June could
with the methods finally adopted have been more than doubled.

For convenience the apparatus developed will be called the sweep to dis:
tinguish it from the drag; the purpose of the sweep being to rapidly cover dGPp
areas, and of the drag to cover all doubtful and shoal areas.

The fundamental features of the sweep are: Very qu’ck setting out and taldng

up, which lengthens the working day (this quick setting out koeps the drag in
position so that no area is lost by drifting as formerly) ; nonimportance of
currents except those of considerable strength -(in no case was the sweep
stopped by the currents, though the drag was several times brought to'a dead
stop and had to be taken up), a possibility of rounding up all shoal area with
the sweep at high speed, leaving comparatively small areas for the slow-moving
drag; quick taking up makes bad weather of less importance, and it is pos-
sible to continue longer under unfavorable conditions. It is possible to use the
vessel economically with this drag on account of the increased .output.
It has been stated that the drag is equally well suited for finding shoals and
determining whether an apparently open sea is clear of all obstructions, and
for finding all obstructions that may exist in a given area.  For the first use
the drag has been superseded by the sweep. For the second’ purpose the drag
i8 best equipped, but time is gained by closing in on the shoals with the sweep.
It would appear to be desirable to modify the drag for use in Alaska so that
it would have more speed.

Construction.—The sweep consists of a bottom wire made up of units of 100
feet or of any greater length which can be obtained without kinking of the
wire because of swivels being unable to take out the twist.  The need for
stronger swivels wasg ind’cated by not infrequent shearing off of the heads.
Weak fittings can not be tolerated in a drag whose possible output s 25 square

miles per day. Uprights are 100-foot sections of bottom wire with swivels on
eéach end, small weights are used solely to keep the uprights from becoming
twisted around ‘the bottom wire, and thése aré unnecessary if the uprights are
shackled directly-to the ground wire and allowed to slide to a position against
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one or other of the sockets at the end of a section. The weight of the wire does
all the holding down necessary.

No metal floats or any other floats are used.

Bottom wire.—Three-sixteenths-inch wire was used during the last season
as it was the only wire available. Indications are that one-fourth-inch wire
of the same type should be used for at least half the sweep when towed by the
Explorer. Three-sixteenths-inch wire is more suitable to a.launch because of
its less resistance.

Method of attaching sockets Is as described though crimping the ends is found
‘unnecessary. Links are not used. All connections are made for uprights and
towlnes by passing a shackle over a swivel instead of putting the pin through
the eye as formerly. Shackles so used should pass freely but should not be
too large. Sockets for the guarter-inch wire should be drop-forged and not the
heavy cast sockets on the market.

Large and small weights.—The large weights require no change though, owmg
10 the method of attachmient just described, the staple at the lower end ‘is no
longer necessary as all attachiments are made at the upper end. The rod should
be heavier than heretofore as these not infrequently bend or breaksy The small
weight may be as described; the detail is not important, and it is frequently
entirely omitted.

Large and small buoys—Only one type of buoy has been used during the
season. This is the standard 55 gallon drum with a rounded wooden bottom
strapped to the drum. To the center of the bottom a 10-foot section of wire is
shackled, but the lower end is attached so that the total length of upright will
be 110 feet. Tor guarter-inch wire the standard 110-gallon drums will be
required. These drums bave the greater advantage in that they are designed
with greater care and are made of the best materinl obtainable. It is pro-
posed, however, to improve them by adopting a simple device so that they can
be filled with compressed a'r and so prevented from crushing when submerged.

Towline arrangement—This is an important development, and present
methods could be profitably adopted for general use. The towline, except for
the upper bridle, is siimply a continuation of the drag wire. The upright and
upper bridle, also section of ground wire, are carried on separate reel. The
inner end of the upper bridle has a snap hook on the wire just forward of the
fittings at the junction joints.

Length of sweep—Preferably 15,000 feet for two launches with six '2,500-foot
gections.  Greater length may be used, and with the vessel and two launches
25,000 feet is entirely possible. Note that 15,000 feet is used without regard to
ordinary currents as the normal speed is about 3 miles per hour.

List of parts.—The following list gives the amount and cost of equipment
_necessary for a 15,000-foot sweep with no spare parts.” Cost has continued to
“iperease since this estimate wag made.  Under fhe conditions of an Alaskan
season there.should be a 200 per cent surplus of wire and ﬁtﬂng: and 40 per
cent surplus in buoys.

» Cost.
Quantity. Articles. :
. Unit, | Totsl
117,000 ere, for swi ef'p, uprights; and tomxne ................................... $0.04 |- $680.00
2| Large WelENES. L e avi e . 15,00 $0.00
7 | Gasoline drums, with rounded Hottoms. » .voeeeveoeannseivinnans e eann . 15.00 105.00
B VRERST G T AR SLTR .. R 240 140.00
175 Drop -forged swivels. .. F .20 35.00
2 Nu 5 spaphooks 60 1.20
25 | feinch shackle . 25 6,25
’I‘ota] ....................................................................... ' 997. 45
]

1 Feet. : ‘ ) »
j NOTE.—Thls total is against $2,500 for the drag figured at much Jower umt prices.*

In the drag work a depth of 83 feet at mean low water was required.

‘The average speed of the sweep wlien. there is no current is for a 15,000-foot
(h'ag about 3 miles per hour, and dbout 15 minutes is required for setting it
out.” The drag ¢an not make more than 13 mﬂes per hour under the moqt
favorable conditions.
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Field work was discontinued on October 7. The Hzplorer left Juneau October
18, and arrived at Seattle October 23. : e

‘During the season, whenever practicable, information was gathered for use
in the correction of the Alaska Coast Pilot. ) o

[N, H. Heck, Commanding Steamer Hzplorer.]

SUMMARY OF RESULTS.—Reconnoissance: Length of scheme, 20 miles; 49 square miles
of area covered:; 54 lines of intervisibility determined, 34 selected for scheme. ‘Trian-
gulation ; 369 square Mmiles of area covered ; 24 signal poles erected; 22 observing tripods.
and scaffolds built, heights—20 tripods, .5 feet, 2 scaffolds, 35 feet; 43 stationy in main
scheme occupied for horizontal measures; 91 geographic positlons determined. Level
ing: One permanent Dench mark established; 1 mile of levels run. Magnpetic-work: 37
Jand stations oceupied for magnetic declination; 110 sca stations occupied for magnetlic
declination; 2 sea stations at which ship was ;completely swung. Copography: 138
square miles of area surveyed; 67 miles of general coast line surveyed; 5 miles of road
surveyed ; 2 topographic sheets finished, scales 1:10,000 and 1:20,000. ‘Hydrography :
96 square miles of avea dragged; 16 miles of area covered by soundings; 262 mfiles run
while dragging ; 67 miles run while sounding; 5,352 positions determined .(double
angles) in dragging; 649 positions determined (double angles) in sounding; 31 sound-
ings made in dragging; 745 soundings made in sounding work; 6 tide stations oceu-
pled ; 4 hydsographic sheets nearly completed, scales,-one on scale 1: 20,000 and three on

s

From March 24 to June 30, 1921, the steamer Hgplorer was engaged In con-
tinuing work begun in the previous season . in extending an.frc of primary tri-
angulation from a hase in Dixons Entrance, through Clarence Strait, east of
Marmion and Nulikoff Islands through Frederick Sound, Stevens Passage, Gas-
tineau Channel, and Lynn Canal to the headwaters of the Yukon, to which it
was intended that all of the triangulation in southeastern Alaska should ulti-
mately be counected and adjusted. )

Besides the triangulation the wire-drag work was to be carried through all
of the principal channels.

It was intended that a spur of tertiary triangulation should be carried up
Gastineau Channel for the control of the topography and hydrography.

.. The instructions contemplated the development of the inshore hydrography
of ~Gastineau Channel, including the revision of the hydrography between
Juneau and Salmon Creck ;and the ccinpletion of the drugging of Lynn Canal
from the work done in 1917 to Skagway.

.. 'The topography of -Gastineau Channel was to be executed as far as Salmon
Creek and the work extended to the head of Lynn Canal.

In 1920 the gap in the triangulation of 1917, a distance of about 45 miles,
wag filled in by tertiary triangulation by the party on the steamer Ezplorer,
so .that the main-scheme reconnoissance necessary to prepare the scheme for
primary. work was completed. Two bases had been measured in 1917 at con-
Siderable distances from the localities at which the parties discontinued work.
The scheme. for 1921 was accordingly almost a duplication of the previous
year’s tertiary work., Only a few stations were moved to insure beiter marking
or improved conditions for setting up the instrument and tent. One station was.
shifted to reduce observations necessary to reach the base site. After careful
study of the previous work and of the possible places for measuring bases, it
was found that two bases would be necessary. Excellent sites were found for
both bases, and these were the only sites praecticable. There are frequent
stretches of sand beaches, but with very few exceptions they are cut off at
short intervals by cliffs reaching to the low-water line. The base nets were .
-given careful study, and they have been included in the work. :

At the close of the year all but 3 of the 22 main-scheme stations wetre com.
pleted, and satisfactory closures had been obtained, A few stations with very
‘short lines had to be reoccupied. Nearly all of the work except -on some of the -
Ionger lines was done by daylight—that is, early morning or late afternoon--
using targets which under the conditions appeared to eliminate phase in a
satisfactory manner. .

Tertiary triangulation was done for the control of the hydrography and
topography in Gastineau Channel. A scheme of continuous quadrilaterals was:
worked out. This work wds practically finished during the preliminary period
of preparation for the drag work. Special effort was made to recover and
locate any Land Office. monuments, Geological -Survey stations, etc., that could
be recovered. At the close of the year only two stations remained to be observed.
The triangulation done was continuous with that of the previous year's work.
At the end .of the year work was completed to Point Young on the south side of
Stevens Passage, and form-line work was finished on both sides of the channel’
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{o this point.  On the north side work was continuous with that of the party
operating here in 1917, The work includes form lines not finished by . this
party. The work in Gastineau Channel was practically completed. This was
supplemented by information received from various sources—ILand Office maps,
‘Geological Survey maps, work of city engineers, mining companies, ete.—to aveid
du%)lication and. at the same time to produce a chart corrected to the present
date. -

The magnetic work done includes the special survey of the area of local
attraction of Port Snettisham, both land and water observations. The former
were done by compass declinometer and the latter with the ship’s compass after
careful determination of deviation. The phenomena of this region as developed
proved of exceptional interest. A vessel proceeding at the speed of the
Iaplorer past Sentinel Point will get a sudden very rapid shift of the compass
through 55°. This work required primary plane-table triangulation.

Elsewhere as many stations as practicable were occupied with the compass
declinometer to detect the existence of local attraction. This work was not
carried very far, owing to the lack of an available boat and officers; -

TIn the hydrogrdphic work the sweep was used practically as it was developed
in ‘the previous season. The amount of sweep work remaining from the last
season’s work was comparatively small. Fowever, it was found that much of
the shoal-water work. with general depths of over 20 fathoms could be ‘covered
with the sweep if the bottom were not too rocky, and this was done to a degree
previously believed impossible. No area that can be covered with the sweep in
the general region of Juneau remains to be done,

The sweep has been. used successfully under very adverse conditions.” On one
occasion off Port Snettisham the sweep was towed through violent tide rips
with a head tide, the rips being such that the worst places had to be avoided by
the tender for its safety, yet the progress of the sweep was not retarded.
A number of shoals were found with the sweep and developed with the drag.
The customary length of the sweep was 12,000 feet. This is now set out with
the launches practically at full speed. Improvements in methods and apparatus
have made this possible. : ’ )

- 8weep work is now fully standardized. The open waters of Alaska present
no further problem but simply the application of routine methods. No records
of area were made during this period, as all of the work was completed before
beginning the new locality. Preparations were completed for work on a large
scale in Lynn Canal. . :

The progress in wire-drag work represents the great advance made by this
party in two seasons in Alaska. The drag developed on the Atlantic coast was
a highly efficient apparatus and probably had reached its maximum possible
development under prewar conditions. New ideas suggested by war experience,
and in a no less degree improved materials resulting from investigations made
by wire companies during the war, have placed this work on & new basis. The
weakest feature of all drag work had been its inability to contend with cur~
rents. With fair currents the drag had been wonderfully successful, and great
results had been obtained in Alaska as well as on the Atlantic coast. With the
substitution of the sweep for the drag in all deep-water work, it became im-
portant that the drag should be specially fitted to get more results in its:
own field. At the same time the shoal areas have always béen characterized
by stronger currents than the deep waters adjacent. )

The problem may now be considered solved. No. claim is made that the drag
work can be done successfully against all currents, but any ordinary conditions
cause no difficulty now. Drags are towed at any desired speed without danger
or damage to gear, and progress can be made whenever desired.

" The drag work of this season was exceptional in quantity for Alaska, in fact
comparable with any work on the Atlantic coast except that greater results
have been obtained in a given time than ever before. The alongshore area left
-unfinished last year has been found to include a very considerable number of
uncharted rocks, quite a few of them at dangerous depths. ]

The improved behavior of the drag is due to new apparatus devised for the
use of thig party, and it is probable that the new methods and apparatus will
have to be adopted in all drag work to stop the loss of time heretofore una-
voiddble, This applies to-wire-drag work in any locality. The sweep and the
drag ave now frequently used on the same day, no area that can be covered:
by the sweep being done by the drag.’ It is now easy to do any reguired work
with the drag, as there {5 no difficulty in shifting the depth through wide ranges:
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The drag work resulted in finding 18 rocks with a-less depth than charted,
which is guite comparable with a similar amount of work-done anywhere.

The progress in wire-drag work has been notably increased by the new prac-:
tice of obtaining soundings in advance in all doubtful areas. These soundings
are often obtained just in advance of the drag work, the soundings being ob-
tained on the same day and plotted before the drag 1eaches the area affected.
This adds immensely to the value of the drag work.

The drag depth is Trequently tested to make sure that the hxgher speed does
not introduce uncertainty in depth. -

The time of setting out the drag is greatly reduced and also the time re-
quired to change the depth. In a recent case a 4,500-foot drag was lowered
throughout its length,‘ 4 feet in 14 minutes, This means that assuming that 6
minutes is spent in maneuvering at each buoy only an average of 48 seconds is
required to stop at each buoy and change ‘the (lepth The lowering is so fast’
“that the weights can not sink as far as'the wire is pulled off the buoy, and it is
necessary for the tender to move the buoy so that the wire will run out.” The:
possibility of quickly changing the drag depth makes it practicable to go close
to known slioals before changing the depth, and to lower the drag more quickly
at passing; this adds much to the value and economy of the work. Taking the
soundings in connection with the drag work is practically a new feature which
was developed during the season, although soundings have been taken in the
past.for the control of drag work. The conditions in Alaska are different from
those elsewhere. In fact the charts are of little value for control of drag
depth, especially along the shore. The new practice of making a survey:along
the shore and in the vicinity of shoals in advance of the drag work represents g
marked advance, and by this means valuable information is obtained in regard
to a heretofore unknown area in drag work, that lying. between the work of the
drag and the topography of the shore.

This is made possible by the three-man:hydrographic launch. -By the methods
developed it is very easy to do this work without unnecessary expense and with
no delay to other work.

Another development is the elimination of the cotton lead line in connectlon
with drag work. The lead line now used is of the same wire as the uprights
and is very flexible. Its small diameter makes it possible to keep it vertical in’
the.slow current. It is not as hard on the hands as might be expected. Gradua-
tions are painted at 1-foot intervals. This eliminates all uncertainty in regard
1o depth and does away with the uncertainty of entering old—line LOllﬁCthHS in
the records.

The soundings are placed as in ordinary hydrography. Theu purpose is to
find the width of the shoeal reef along the shore or the general extent of a shoal.
This is done by a single line of soundings along the shore if the shelf is narrow.
If it is broad, zigzag lines are run in order to get the curves more rapidly, and
later one or more lines parallel to the shore are run. Positions are taken at
every sounding, the launch being stopped for each sounding.

Automatic tide gauge observations were taken at Taku Harbor during the
progress of the work. Staff readings were obtained in the vicinity of work
.distant from the automatic gauge as during the past season. Bench marks were
connected with gauges by lines of leveling. ’

Several areas, suitable landing flelds for airplanes, were examined. The omy
difficulty was in finding flelds in the vicinity of towns.  'The emergency flelds
more or less accessible to other lines of connection are easily found.

[B. H. PAGENHART, Commanding Steamer Lydonia.]

SUMMARY oF RESULTS.—Triangulation: 10 signal poles erected ; 10 stations in maiu
scheme occupled for horizontal measures , 11 geographic positions defermined. Lev eling :
3 .permanent bench marks established; 4 miles of levels run, Topography 30 gquare
miles ‘of area surve red ;517 miles of detai]ed shore line surveyed; 2 topographic sheets
finished, scale .1 ,00 0. Hydrogra};hy 483 square miles of area covered; 5,262 posi-
tions determined (double angles) ; 7,054 soundings made. 1 tidal station estubus ed;
3 hydrographic sheets finished, scales 1: 20,000 and 1:120,000.

On July 1; 1920, field ‘work was in progress by the steamer Lydoma on the
west coast of Dall Island, southeast Alaska. .

The short season available for work made it desirable to confine operations,
to one area and to complete as far as possible all work within that area,  For/'
this reason the triangulation connecting Bucareli- Bay with Noyes Island. was
not undertaken. An effort was made to complete the topography and hydrog-
raphy along the coast of Dall Island.
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The unfinished work within the area in which the party was working in-
cluded the hydrography of Sakie Bay; investigation of several shoal soundings
along the shore of Dall Island; further development, on south coast of Suemez
Island; and continuation of the shore line on Dall Island from station Last
northward to a satisfactory junction with previous work.

The ship was engaged on offshore %oundings from August 23 to the end of
the season.

The Cosmos was engaged on 1nshore hydrography between Cape Augustine
and Meares Passage durlng the entire season, except for 10 days spent on
triangulation. The topography from Cape Augustine to station Last at the
entrance to Meares Passage was done by a subparty with the launch !/7 oper-
ating from a camp.

At Craig an automatic tide gauge was left in operation throughout the season..
A very good record was obtained covering four months.

At Sea Otter Harbor an automatic gauge was Kept in operation by -the
hydrographic party for tidal reductions. The tidal record obtained from this
station was unsatisfactory, and the record was only used for simultaneous ob-
- gervations with the Craig station and for a comparison of hourly heights. i

A comparison of the hourly heights of tides between Sea Otter Harbor and
Craig station, covering five different periods, totaling 24 days between July
29 and October 7, shows the greatest discrepancy to be plus or minus 1 foot
with an average plus or minus four-tenths of a foot. Because of this small
difference in height the Craig data were used for ‘all tidal reductions entered
in the sounding record. The Sea Otter record was not used at all.

Sea Otter Harbor on Dall Island:was used-throughout the season as a base
for the detached parties, and a season’s supply of coal and provisions was
stored here.

Ketchikan was the base for the slup, as there was no place closer to the
working grounds where coal could be landed.

Barly in the season no suitable docks were available for storing coal. After
August 1, a dock at Waterfall was available, but transportation then was -£o0o
uncertam One trip was made to Prince Rupert, British Columbia, for coal;
at all other times Ketchikan was able to supply it.

{The weather during the season was fair. The parties wokag along .the
shore encountered much more fog and rain than did the ship working offshore.
‘Weather .conditions are extremely loeal, and there is no way of- Judgmg the
weather other than by being on the unmed]ate working grounds.

On August 80, the locality was hit by a sudden and severe southeaster. At
the first indlcatxon of -bad weather the ship, sounding to the southward of
Baker Island, ran to Cape Ielix, a.two hours’ run, hoping to be able to pick
up a whaleboat party which had been landed there that morning., On reaching
Cape Felix, the vessel steamed about for an hour watching for the whaleboat
party -which it. was thought might have put out from shore before the storm.
Seeing nothing, the ship remained. in Port Sauta Cruz. during the night; and
next morning steamed back to Cape Felix and found the party safe on shore,
although the boat was broken up on the beach. .

Soundmg tubes were used in this work with good results.

[J. 8. BILBY]

Under mstluctlons dated April 20, 1921, this officer left Washington, April
22, for Ketchikan, Alaska, to construct launch ways and a. boathouse at that
place for the use of the vessels of the Survey. i

Owing to delays in transportation the party was unable to leave Seattle
until Mdy 15, arriving at Ketchikan on the 18th,

On May 19, with the cooperation of the superintendent of lifrhthouses at
Ketchikan, a site for the ways was selected in the most favorable place available
on land covered by a-license held by the Pure Food Fish Co. of Ketchikan,
Satisfactory arrangements were made with this company to remove any of
Xheir property that might interfere with the construction of the wayse so
that work might start immediately,

The work of clearing the ground, which was heavily timibered, was begun
May 21, and by June 2 the ground was cleared, stumps grubbed out, part of
the lumber and material on the ground, and vvoxl\ on the foundation begun.. By
June 80 the building was inclosed, the building of ways well advanced, and all
the necessary material on the gro und for completlng the work,
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. BITKA MAGNETIC OBSEBVATORY.‘
[1‘ P. UrricH.]

The work of the Sitka magnetic observatory has been carried out without
material interruption throughout the year. The magnetograph has been Kept
in continuous operation. The D and H variometers worked very satisfactorily
and required little adjustment, - At the end of the year, the H variometer was
taken apart in order to secure a freer movement of the collar which holds the
deflection bar. ' Considerable. trouble was experienced with changing scale

value of the Z variometer, and it was cleaned and adjusted on June 30.

At least one component of the seismograph was in operation throughout the
year, but only nine earthqugkes were recorded. Much trouble was experienced
with the bearmgs of the recording arm of the E-W component, so that the
instrument was either out of commission or not giving satisfactory record for
the greater part of the year.. New steel cup bearings were inserted on June
28, which are apparently very satisfactory. :

Absolute observations were made once a week and scale value detex mipations
at least once a month, . Comparison observations were made with magnetometer
No. 40, which had previously been compared at Cheltenham, Tucson, and.
Honolulu. .. The chronometers were kept rated by means of time signals from the
local office of the U. 8. Signal Corps. Various repairs were made .to the,
buildings, and the clearing of the observatory grounds: was completed

HAWAIIAN ISLANDS.

HONOLULU MAGNETIC OBSERVATORY.
[H. E. McCousz.]

* The work of -the Honolulu magnetic observatory was carried out without in-
terruption throughout the year except as noted below. The magnetograph was
kept in continuous operation and required little adjusting. The usual scale-
value ‘and base:line determinations were made. The installation of a small
wirelegs receiving set early in 1921 made it possible to get the time signals
sent out daily from Pearl Harbor and dispense with solar observations with
sextant and artificial horizon.

The old Milne seismograph was dismounted on January 27, and work was
begun at once -on the construction of piers for the new Milne-Shaw seismograph.
The work was delayed somewhat by the breaking of the pump, go that water
for mixing the concrete had to be taken from the well in buckets. The new
instrument was mounted on February 19, and the continuous record begun on
the 27th.  Except for this period of a month a seismograph was m operation»
throughout the year; and 88 carthquakes were recorded.

In April, 1921, a party from the yacht Curnegie, of the department of terres-
trial magnetism of the Carnegie Institution of Washington, made an extended:
series of observations at the observatory for comparing their instruments with
those at the observatory. Simmltaneous observations were made, using an
auxiliary station near the absolute building, with interchange of station in the
middle of each series of observations.

‘During August, 1920, the chiefs of the divisions of geodesy and terrestrial
magnetism visited Honolulu as delegates to the Pan-Pacific Scientific Congress:
and while on this duty inspected the magnetic observatory. The observer was a
local delegate to this congress and was able to attend the meetings. on . the
island of Hawaii through the kindness of a former magnetic cbhserver now resi-
dent in Oahu who was willing to, take temporary charge of the observatory. .

The buildings were painted outside, a new dark room was fitted up in the
building used also for a garage, a vestibule was added to the seismograph house,
many minor repairs and alterntions were made to the observers quarters, and‘
the ingide was painted.

A sipbon lamp filler was made for use with the magnetograph lamp and’
proved to be a great convemence and timesaver, Drawings for a new magneto-
graph reading glass were prepared and submitted to the office; and scales - of.
this style are now in use at all of the observatomes 5
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~PHILIPPINE ISLANDS.
[, C. De~soN, Director of Coast Surveys.]

During the first half of the fiscal year 1921 the quantity of surveying results
and of ¢hart éonstruction accomplished by the Manila field. station was. much
below the normal, due to the greatly depleted numbers in both field and office
force assigned to this station.

Only two vessels were engaged in surveying work during this period, as it
was imipracticable to furnish the necessary complement of officers for additional
vessels.

The office work was seriously handicapped by the insufficiency of technical
help, which caused additional work to be placed on those already laboring
under multiplied. duties.

The field work accomplished includes the following:

West coast of Mindanao—Dapitan to Caldera Bay. The trinngulation of this
stretch of coast Iine was. completed, and the work of topography and inshore
hydrography had. progressed to the extent that only a. short time would be
required to complete it. ) ;

Cuyo West Pass.—The detailed survey of the waters of Cuyo West Pass that
had been in progress for the past three years was completed October 2.

Fast coast of Luzon lstand—A careful investigation was made of the waters
off the north coast of the Camarines, which shows that the reported extensive
3 fathoms bank 36 miles off this coast does not exist. The result of this in-
vestigation will furnish the navigator of deep-draft.vessels all desired informa-
tion for the safe approach to the port of Hondagua, the east coast terminal of
the Manila Railway Co. ;

The principal routes of commerce in the archipelago have been surveyed;
the greater part of the remaining work to be done is distantly located from
p base of supplies and coaling station. -

' Although the surveying operations planned for the year 1921 will be carried
on with ‘the present existing conveniences, economy will require that a coaling
station be established on the west coast of Palawan and at Aparri, north coast
of Luzon, before the surveys in these localities are attempted.

.,-On ‘August 31 a severe typhoon passed over Manila and did considerable.
damage to the working equipment of the Survey. . X

The steamer Marinduque, which was moored at Fngineer Island, having
just completed: extensive repairs, was fouled by n vessel that had been blown
adrift by the storm and sustained considerable damage. One whaleboat, prop-
erty of the United States Government, on the steamer Romblon, was destroyed.

The Manila tide station, located on one of the Govermment piers, was com-
pletely demolished. Preliminary steps toward building a new station to. be
located on the mew concrete pier, in process of construction by the Philippine
Island Govérnment, were immediately begun. An appropriation was made for
this work by the Philippine Government. :

On October 8 a disastrous fire occurred in the building in which ave located
the Manila offices of the Coast and Geodetic Survey, but due to the timely as-
sistance of a number of employees the loss sustained by the Coast and Geodetic
Survey was of no consequence, and on the second day after the fire the routine
business of the Bureau was being conducted as before. \ .

Satisfactory progress has been made on the building to house the photo-
graphic plant, which was expected to be ready for occupancy upon the arrlval'
of the machinery. . .

During the half year ending June 30, 1921, the party of the steamer Path-
finder was engaged in extending the hydrography off the north coast of Cama-
rines Norte, between Jomalig and Catanduanes Islands, to the depth of 1,000
fathoms. This work included the search for the extensive 3 to 5 fathoms bank
shown on the existing charts of this area. The work progressed satisfactorily
and disproved the existence of any obstructions to navigation in the area
formerly shown as dangerous. The party on the vessel also successfu!ly com-
pleted the work of extending the triangulation on Negros Island t_o a junction
with the triangulation on the south coast of Mindanao Island, at Sibuguey Bay.

The party of the stenmer Fathomer was engaged during the year in com-
bined operations on the west coast‘of Zamboanga Peninsula, deep-sea hydrog-
raphy in the Sulu Sea, and a hydrographic survey of Cuyo West Pass, and the

68584—21—-9
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detailed hydrographic work in the vicinity of the Cagayan Islands was brought
to conpletion,

The steamer Marinduque was at Engineer Island, Manila, from July 1, 1920,
to March 15, 1921, as it was impracticable to provide a sufficient number pf
officers to furnish a complement for this vessel. From March 16 to May 13 the
party on this vessel was engaged in making a resurvey of Bacoor Bay, Cavite,
and from May 24 to June 30 was engaged in revision work in the vicinity of
Albay Gulf and Lagonoy Gulf.

[R. R. LUukeNs, Commanding Steamer Pathfinder.]

SUMMARY OF RBSULTS.—Triangulation: 4,705 square miles of area covered; 54 signal
1)>oles erccted ; § observing tripods and scaffolds built, heights 14, 17, 38, 42, and 65 feet;
22 stations in main scheme occupied for horizontal measures; 13 stations in supplemental
schemes occupied for horizontal meagures; 16 stations occupied for vertical measures;
61 geographic positions determined, Hydrography : 4,485 sguare miles of area covered;
R 2 miles run while sounding; 6,946 positions determined (double angles) ; 29,021
goundings made; 3 tidal stations established; 2 hydrographic sheets finished, scales
1:40,000 and 1: 200,000.

After completing repairs at the Olongapo Naval Station, the steamer Path-
finder proceeded to Manila to take on stores and prepare for work off the east
coast of Luzon. The vessel was ready to sail for the working grounds on July
15, but on account of the unfavorable weather her sailing was delayed until
July 26 when the weather moderated sufficiently to permit a start.

The ship arrived at Batan Harbor on July 28, where the bunkers were filled
with Batan coal. This coal is of an inferior quality, but owing to the high
price of Japanese coal and the great distance to a coaling station it had been
decided that the Patlfinder should make an attempt to use this coal, After
some experimenting a method was discovered by which this coal could be used
with fair results, and on the morning of July 30 the vessel started for the work-
ing grounds.

The instructions called for the offshore hydrography of a large area extend-
ing from Catanduanes Island to the Polillo group, and the development of a
great 8 to 5 fathom shoal which appeared on all existing charts having been
handed down from the earliest Spanish sailing directions.

The tide station was recovered in Sisiran Bay, a staff erected, and levels
run to connect with the old bench mark. The readings of this staff were used
for the reduction of the entire season’s hydrography. i .

The ship’s hydrography was at once taken up and continued with but few
breaks to the end of the season. Lines were run in a north and south (true)
direction one-half mile apart to the 100-fathom curve, and from there on
gradually widened until they were about 5 miles apart at the 1,000-fathom
curve.

Tanner-Blisch pressure tubes were used in depths up to about 40 fathoms
with up-and-down casts about every tenth sounding. In deeper water vertical
wire measures were made. Considerable time was saved by anchoring with a
kedge and a rope wherever the ship happened to be when overtaken by dark-
ness. At daybreak the line was simply continued. Officers and crew were
assigned to regulai watches so that the ship could operate 24 hours per day,
and always did so when running out to the 1,000-fathom curve. ) -

The shore signals could be carried barely to the 100-fathom curve, hence the
work beyond that line depended upon astronomic fixes and dead reckoning.

The dangerous shoal shown on the charts was not found, However, at the
edge of the great 40-fathom bank extending about 35 miles offshore, there was
found a long ridge with 10 to 20 fathoms over it, extending in a direction
parallel with the shore line. It is possible that this ridge through exaggeration
has been reported as the “3 to 5 fathom bank.” WNo dangers to navigation were
found during the season, ) :

While a large area was finished during the season, the work was not com-
pleted, and at least one more season’s work is required.

Upon arrival at Manila instructions were received to prepare for field work
on the northwest coast of Mindanao. The work assigned was to complete
the triangulation started during the previous year by this vessel and to make
o connect’on with the old work in Sibuguey Bay.

After having a few minor but essential repairs made at the Cavite Naval
Station, and having outfitted the ship, the Pethfinder sailed for the working
grounds on November 1.

While off the coast of Panay a typhoon warning was received, and as it
was apparent that the storm would be a dangerous one for the Visayan
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«

Islands, the Patlhfinder sought shelter in- Iloilo.. 'This port was reached about
five hours before the force of the storm broke, and a snug berth was found in
the river. The center passed a short distance to the north, and very heavy
winds were experienced in Iloilo, but no damage was done to the ship. Over
200 houses- were blown down in -that city, and several small’ ¢raft were lost
in the neighboring waters. . :

After the storm passed the Pathfinder continued her voyage and arrived on
the working grounds in the early morning of November 6. :

-The triangulation to be accomplished was a scheme extending from southern
Negros to Sibuguey Bay, a distance of about 95 miles, and involving several
lines up to 75 miles in length. Most of the signals had been built the previous
year and were standing, but. observations at two stations only had been com-
pleted. More clearing ‘was required at two stations, and station Labuk
(Fathomer, 1920) had to be rebuilt. This was unfortunate, as it was a con-
cluded station in the instructions of this party and otherwise would not have
lé;aen visited. The longest line, Siaton-Dansalan, remained unobserved in either

rection, ) : o

For the long lines special heliotropes were made on board with mirrors 12
inches square. This large size was considered necessary, owing to the fact
that the atmosphere is usually hazy at this time of the year and a powerful
glare is needed to penetrate it.

Upon arrival the various signal structures werée inspected, and four parties
of observers and heliotropers were immediately put in camp, while the ship
recovered the station on Aligbay Island and built a signal over it. This sta-
tion was also occupied by a party from the ship during the time it was tendin
the various parties encamped ashore. ’

By November 21 it was necessary to go for coal, so the ship left for Sandakan
via Zamboanga, where a subparty was dispatched to Sibuguey Bay to rebuild
and do the necessary clearing at station Quipit.  They arrived at Sandakan
early on November 24, and after taking on 284 tons of coal, sailed at 6 p. m.
the same day. 'This was an unusually quick coaling. o

Upon return to the working ground- it was found that the observations had
been completed to the line Dansalan-Talinga. - Parties were then sent to re-
build and clear at Coronado and to rebuild Labuk. By December 10 this work
was completed, and the ship proceeded to Sibuguey Bay to start that end of
the work, : .

An observer with heliotropers was put in camp on Mount Quipit, and the
ship took up the work of recovering and. building signals over old. stations
Pan and Wedge located on islands in Sibuguey Bay. These stations. formed
the line to which the connection was to be made.

After completing this work the Pathfinder returned to the northwest coast
of Mindanao to pick up the party left at Coronado. A bad surf was running.
put the party was finally picked up without serious accident. The whaleboat
was damaged somewhat and the theodolite soaked with salt water, but none
of the party received injuries.

" The ship then returned to Sibuguey Bay, and on December 22 a party of 1
officer and 15 men was dispatched to station North End (Faethomer, 1920) to
rebuild and oecupy that station, also to clear lines of sight to points in Sibuguey
Bay. With observers and heliotropers stationed at. Quipit, Pan, and Wedge,
they were in a position to complete the work as soon as North End made its
appearance.  On December 28 North End suddenly appeared, and in a short
time observations on it were completed. .

By December 81 all parties were back aboard the ship, and the vessel left

- that night for Manila. .

" The officer who wasg in charge of the party .at North End ran into a very
heavy job of clearing and was unable to ﬁl_xish in the time estimated, thus
necessitating that the party go on short rations for §evera1_ days.  After @he
_signal was erected he sent 12 of his men back and remained with 3 meén to finish
the observing. He completed his program but was forced to travel 36 hours
without food before reaching the beach. The party was badly exhausted but
rapidly recovered without serious results. . . )

While encamped under the signal structure at Disacan this party had a nar-
row escape from- serious accident. During a heavy electrical storm the signal
was struck by lightning and partially destroyed, but fortunately mnone of the

party were struck by falling timbers. They reported that the wire guys were

repentedly red hot and that several of them fused. None of the party were

Injured by the shock.
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Taken as a whole this piece of triangulation was a very difficult one, and: the
hard and conscientious work pertormed by the various officers and’ crew is.
hereby acknowledged. : L

Acknowledgment ig also made to the superintendent of the San Ramon Penal
Farm who furnished large parties of prison laborers on two occasiong for the
very difficult expeditions. These men are far stronger and better on the trail
than the. sailors aboard the ship, and they proved a great assistance in. the
successful prosecution of the work.

From January 1 to 5 the Pathfinder was engaged in combined surveys on
the west coast of Mindanao when she was taken to Olongapo Naval Station for
.repairs. : : , : :

Necessary repairs having been completed, the Pathfinder arrived on her
working grounds in Lagonoy Gulf March 16, and was engaged in surveying:
operations from that date until May 16, when ghe proceeded to Jomalig Island
and took up hydrographic work in that vicinity.

In June the hydrography in the vicinity of Jomalig Island was finished, and
the vessel began the work of deep-sea sounding between Jomalig and- Catah-
duanes Islands, which was in progress at the close of the fiscal year.

[K. T. ApaMs, Commanding Steamer IFathomer.]

SUMMARY OF REsULTS.—Leveling : 6 permanent bench marks establisbed; 19.5 miles of
“levels run. ‘Magnetic work: 5 lamgl stations occupied for magnetic declination; 2 stations
at sea at which ship was completely swung. Topography.: 322.5 square miles of area
surveyed ; 211 miles of coast line surveyed; 3 miles of shore line of rivers surveyed; 7
topographic sheets finished, scale 1: 20,000. Hydrogralphy: 7,882.9 square miles of area
covered; 11,803.6 miles run while sounding; 13,817 positions determined (double
angles) ; 73,199 soundings made; 8 tide statlons established; 3 current stations.occu-
pled ; 11 hydrographic sheets finished, scales 1: 20,000, 1:40,000, 1: 80,000, 1:100,000,
and 1 :200,000.

Ship hydrography was in progress by the Fathomer in Cuyo West Pass from
July 1 to August 4. On August 5 the ship discontinued work temporarily
and sailed for Manila for minor repairs and supplies. The week from August
7 to August 15 was spent at Engineers Island. On the 16th the ship sailed
again for the working grounds in Cuyo West Pass, arriving early on the morning
of the 17th.. Ship hydrography was at once resumed. This was continued,
with interruptions by unfavorable weather, until October 3, when the work
in this vicinity was completed. The ship sailed for Manila the same day,
arriving on the 4th.. From the 5th to the 30th the ship was again undergoing

-~ minor engine repairs and deck repairs, including docking and painting. During
that time the officers were preparing the records for transmission to the office.

On October 30 the Fathomer sailed for the working grounds along the west
coast of the Zamboanga Peninsula to resume the combined operations which
were closed on May 12 in accordance with instructions.

- Work was begun at once. An automatic tide gauge was established at Port

- 'Santa Maria, and one officer was put in camp to do the topography in that
vicinity. The ship proceeded to Sibuko Bay, where a tide staff was established
and another officer put in camp for topography. TFrom here the ship went
gouth to-continue the work done on the first topographic sheet of the previous
season, from San Ramon north. - The first few days were spent in building
and recovering old signals. The third topographic party was-started at once
and soon established enough signals to control the launch hydrography which
was then started. From that time the work advanced rapidly, with but slight
interruption to the end of the year.  Ship hydrography was started after the
first coaling, That also progressed without interruption until the week before
the Christmas holidays, when rough weather, caused by a typhoon to the north,’
and very hazy weather, made it impossible to get any distance offshore.
~ The work in Cuyo West Pass is taken up in detail in descriptive report
accompanying the hydrographic sheet. As stated there the greatest hindrance
was the haze, which was especially bad during July and August. Later there
was much excellent weather, with but one interruption, due to a bad typhoon,
which made the ship seek shelter.

. The work on the Zamboanga Peninsula proceeded rapidly, With the excep-
tion of the southern end of the first sheet the coast is extremely steep to.
This limited the launch work to not more than a mile offshore, where more
than 300 fathoms are sometimes found, Consequently the launch hydrography
proceeded very rapidly. By December 31 two sheets were completed and
several days’ work done on a third, Extremely rough weather held up the work
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on-this sheet for several days. No shoals or indications were found on' any of
these sheets.

The ship hydrography also advanced satisfactorily. The launch as well as
one topographic party worked from the ship, and it was necessary to arrangeé
the work so that these parties could be picked up at night. The work was
carried from limits of the launch sheets to points 15 or 20 niiles offshore,
‘While the bottom is in general quite irregular no dangers were found. In fact
the only shoal found is one with a least depth of 48 fathoms with from 200 to
700 fathoms near by.

The first six weeks were in general quite favorable for topography, and rapid
progress was made on three rheets. Afternoon rain squalls and cloudy mountain
peaks were a hindrance though not serious. During the latter half of Decem-
ber rough weather made landing on the rocky and exposed coast a hazardous
undertaking, and little was accomplished. This unusually rough weather was
probably due to the combined effects of the regular northeast imonsoon and a
typhoon. The former blows with increasing vigor duung the months of Jan:
uary and February and further unfavorable weather is to be expected. .

Three 1 : 20,000 sheets were practically complete, and some progress was made
on two others. Also a subsheet 1:10,000 of Port Santa. Maria Ha1b01 was
completed. .

Work was in progress on the triangulation at the end of December This
was for the purpose of establishing control for the topography above Port Santa
Maria. The party of the steamer Patlhfinder observed on some of the. latter
while occupying triangulation stations to the northward.

Five magnetic stations were occupied in the Cuyos, at three of which m‘xgnetlc
distuirbances were found. = No stations were occupied on the Zamboanga
Peninsula.

“While the launch work was in progress on the sheet above San Ramon. the
thp observed currents nightly. This was done every hour by the quartermaster
on’ watch.

The steamer Fathomer was.at Manila undergoing repairs from J anuary 13 to
Ap111 16, 1921.. On April 17 combined operations were begun in the Sulu Sea
in the vicinity of the Cagayan Islands, and this work was in progress.at the
close of the fiscal year.

After December 31 one inshore hydrographic sheet on the Zamboanga Pomn—

" sula was. completed and -another about two-thirds completed. When the. ship
left the working ground all of the hydrography had been completed: up to &
point about 1% miles north of Port Santa Maria.

Three of the four hydrographic sheets:-in the vicinity of the Ca Fyan Islands
were completed, and the fourth was nearly completed.

The topography was completed from San Ramon north to a point qbout 3
miles nortli of Port Santa Maria,

On the Zamboangft Peninsula two new triangulation stations were est;ab-
lished and six-stations:.occupied for topographic control .

In the Cagayan Islands two main-scheme stations were l)ui]t two rebmlt and
all were occubied. . Three intersection stations were built for hydrog raphic
control.

Ohtl addition, hve floating signals were built on the Nlcho]son Shoals and the
Sultana Banks and were located by extant angles on o scheme running north-
ward from the existing triangulation, .

[H. A. CorroN, Commanding Steamer Marindugue.].

MMARY OF RESULTS.—Topography: 15 square miles of area covered; 20 miles of
geggwlll cgust line surveyed ; 20 miles’ of shore 1line of ponds surveyed ; 8 miles: of roads
surveyed; 1 topogragﬂuc sheet finished, scale 1 :10,000. Hvdlovrmphé 11 square miles
of area covel miles run while. sounding; 3,938 positions determined (double
angles) ; 40,158 soundmgs made; 3 tidal stations etsablished; 1 hydrographic sheet fin-

ished, scaie 1 : 10,000,

The steamer Marindugue was at Engineers Island, Manila, from July 1, 1920,
te March 15, 1921, as it was impracticable to provide a sufiicient. number of
officers to furnish a complement for this vessel.

From March 16 to May 13 the party on this vessel was engaged in making a
‘resurvey of Bacoor Bay, Cavite, and from May 24 to -June 30 was envuged in
Fevision work in the vicinity of Albay Gulf and Lagonoy Gulf, -

The topography comprised that between the coast line and the rmlroad from
‘*1 Domt about nndway between Las Pinas and Pa.‘ranoque tfo-a. point on- the \vest
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shore of Cavite Peninsula opposite the former railroad junction. It mcluded
all of the Cavite Peninsula except the town of Cavite.

The hydrographic survey comprised the water area.south of lutltude 14;" 30’
and east of the Cavite Peninsula with the exception of Canacas Bay.

An automatic tide gauge was in operation during the work, and tide staffs
were established and connected with the gauge by simultaneous readings.

VIRGIN ISLANDS.
[E. R, HAND.]

SUMMARY OF REsULTS.—Triangulation, teritary: 18.5 square miles of area covered ;
16 signal poles erected; 2 observing scaffolds bnilt height 20 feet; 6 stations in main
scheme occupied for horizontal measures; 2 statlons in supplemenml schemes occupied
for horizontal measures; 19 geographic posltlons determined. Magnetic work: 7 land
stations occupied for magnetic declination. Topography 83 sguare.Iiles of area sur-
veyed ; 28 miles of detailed shore line surveyed; 40 miles of shore line of creeks sur-
veyed ; 135 miles of roads surveyed; 2 topogmplnc sheets -finished; scale 1:10,00

Under instructions dated October 28, 1920,, an officer of the Su1vey left
‘Washington, November 12, for St. Thomas, Virgin Islands, taking passage on the
15th on the naval transport Hancock, but owing to various delays did not arrive
at St. Thomas until December 2. )

Preparations were immediately begun for the organization of the party for
work on the island of St. Croix. .

While in St. Thomas a revision was made of Harbor Chart No. 933, which
was completed on Decembher 15.

On December 22 the party sailed for Frederiksted on the island of St. Croix
and crossed over overland to Christiansted, where the headquarters of the party
were to be. The hands had been sent directly to Christiansted on the small
schooner: The remaining portion of December was spent in revising a topo-
graphic sheet completed during the previous season, as required by the instruc-
tions for this work.

Up to the middle of January the party was engaged in the verification of this
sheet. By January 15 work was begun on another sheet including an area of
24 square miles through the center of the island of St. Croix from shore to
ghore.

While engaged on this work a rapid reconnoissance was made with a view .
to the selection of sites suitable for landing fields for airplanes, as the result
of which Mannings Bay was reported to be the only site available without
extensive preparation.

After the completion of field work in this locality further informdtion was
gathered as to boundary lines and estate names which were required to be
shown on the sheets. This requirement made necessary a close examination of
the ground and the determination of an unusual number of controlling
elevations.

The survey of the eastern end of the island of St. Croix, part of which had
been left unfinished at the close of the previous season, covers an uninhabited
region practically without roads and covered with a dense tropical growth.
Buck Island and Green Bay were included in this survey. Work in this section
was begun about the middle of April

The triangulation was carried along with the topography and the entire survey
was concluded about the 7th of June. This brought to a close the land survey
of the Virgin Islands begun. in 1918.

Triangulation control was extended over the east end of the island, mcludmg
Buck Island, from the line Sight-Green determined in a previous season.

Four of the triangulation stations were occupied for magnetic declination.

PORTO RICO.,
) VIEQUES OBSERVATORY,
[W.M. WALTER MERRYMON, July 1-Sept. %8 %3%;)] WALLACE M. Hiry, Sept. 11, 1920—Jun¢
The work of the Porto Rico obgervatory was carried on throughout the year
with only one serious interruption. On June 14, the magnetograph clock stopped,
and it was found that the mainspring was broken. When the reserve recording

apparatus was mounted that also failed to run because of injury to the escape-
ment wheel. A watchmaker wasg finally found in San Juan who was able to



PLATE No.2949

122 123 124 125° 126° 127°
T N T T
UNITED STATES
= COAST AND GEODETIC SURVEY T
x SKETCH OF GENERAL PROGRESS
x < o
B : JUNE 30,1921
0. Batan Islands
éb Latitude determinations P——
0 Longttude - (telegraphic) ... §
Aximadth » I N
~ Tidal observations. e et i P 201
Magnetic observations..... .. @
Triangulation.. ... . v,V
'C Topography :
\ Hydrography
197)
6
177}
16°]
15°
14
13°
12¢
-
o
P
7e
&
5

u7

122"

123*

124° 125° 126" 127*

C.& G. S. Print

Aa44ng 248pOBY pue JSECD'SY)

co



REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 185

substitute the maingpring of the reserve clock for the broken one, and registra-
tion was resumed on June 24. From May 13 to 17, 1921, a very severe magnetic
storm was recorded. } . .

The Z variometer required cousiderable adjustment during the first part of
the year, due principally to the pivots, in one case the jarring due to a scvere
earthquake shock heing sufficient, apparently, to dull the points. A new pair
of pivots was installed about the middle of the year, and the variometer gave
very. satisfactory record for the remaining six months. ‘ .

A comparison of magnetometer ‘No. 19 and dip circle No. 56 with the ob-
servatory instruments was completed during July, 1920.

Th(il seismograph was in continuous operation, and 23 earthquakes were re-
corded. :

Absolute observations were made ohce a week, scale value determinations at
least once a month, and meteorologic ohservations daily. ‘ .

Time was determined by means of equal altitudes of the sun.

SPECIAL DUTY.
) .
INTERNATIONAY, COOPERATION CONFERENCE.
[WirLLiam Bowis and H, G, Avers.]

On March 8, 1921, the chief of the division of geodesy, accompanied by
H. G. Avers, geodetic computer, went to Ottawa, Canada, for a conference
with the Superintendent and other officials of the Geodetic Survey of Canada
in regard to plans for cooperating in carrying precise triangulation along the
forty-ninth parallel boundary and from Puget Sound into Alaska.

Plans were also made at this conference to make several additional con-
nections between the precise leveling nets of the two countries and then adjust
the two nets together. This will eliminate any possibility of troublesome dis-
crepancies along the border. ,

PAN-PACIFIC SCIENTIFIC CONFERENCE.
[J. T, WATKINS.]

Under instructions dated July 12, 1920, an officer was designated by the
Department of State as a delegate to the First Pan-Pacific Scientific Congress,
to be held in the city of Honolulu, Hawaii, August 2 to 20, 1920. Under verbal
notification and instruction issued by the Director dated July 8, 1920, this officer
left Washington July 10, arriving in San Francisco on the 16th, and sailed from
San Francisco for Honolulu on July 21 on the steamship Manoe in company
with 14 others on the same mission. ‘

Immediately after arrival at Honolulu on July 28 visits were made to the
officials of the Territorial Government and others and preliminary work for
the conference was begun. i

The general organization of the conference was effected at the first meeting
on August 2 and is outlined in the program submitted. The subdivision of the
membership into sections, to which were assigned groups of closely related sub-
jects for consideration and recommendation, and the formation of subsections
within the sections where the major subject embraced several clearly defined
and differentiated topics, greatly facilitated the deliberations of the conference
and contributed much toward extending the scope and increasing the thorough-
ness of its work. ) ; )

While the sessions of the conference were devoted to the presentation of
general policies and subjects in their broader.aspects, as indicated in the pro-
grams, the sections and subsections were more or less continuously engaged in
‘the consideration of their assigned topics in detail and in the preparation of
reports and recommendations which served as a basis for the adopted reso-
lutions. .

By reason of his connection with the Coast and Geodetic Survey the interest
of the representative of the Survey centered largely in the section of geography,
and more particularly in the subsections of physical oceanography; he is
responsible for those parts of the resolutions which have to do with () “ Mag-
netic Survey ” and (b) “ Survey of the Shore Line and the Coastal Waters.,”.

- The conference wags informative to an unéxpected degree, and in that respect
will doubtless contribute notably toward cooperation and coordination in the
several interdependent lines of work to be undertaken in the scientific. explora-



¢

136 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY.

tion ‘of the Pacific Ocean, It was apparent at the early sessions that work in
many - fields of inquiry had been pursued without a full knowledge of ‘the
extent of the collected data on other related subjects or a’clear understanding
of their common interests. In establishing the necessity for such research work,
indicating its great scientific and economic value, and pointing the way towiard
a more complete utilization of existing material, the avmdance of ‘duplicaton
and a closer cooperation, the conference was a success.

The proceedings of the conference dealt only with technical and scientific
subjects and the ways and means of obtaining in satisfactory fashion desired
results in various lines of research. No engagements were entered into and no
commitments made; the activities of the delegates did not go beyond a state-

ment of the present and future needs in the various fields of inquiry and expres-
sion of deep personal interest and a pledge to forward in all legitimate ways the
projects recommended in the resolutions.

The work of the conference was made pleasant and profitable largely through
the labors of the local organizing committees of the Pan-Pacific Union and to
a marked degree by the untiring efforts of the Territorial Government and the
citizens. The intelligent and appreciative interest displayed by the people of
the islands and the sympathethic support tendered by them on all occasions
served as a strong urge to the conference and encouraged the hopes that many
of the projects embodied in the resolutions will soon be initiated.

The record of the proceedings of the conference was in preparation when this
rep01t was wr itten, and it was the expectation that it would be published early
in 1921, .

The conference conciuded its labors.on August 20 and adjourned.

While in Honolulu the representative of the Coast and Geodetic Survey wm
engaged part of the time with matters havmg to do with various branches of
the work of the Coast and Geodetic Survey in the islands and bearing only
indirectly upon his duties at the conference.

INSPECTION DUTY.
[C. V. HODGSON.]

In the latter part of October, 1920, the assistant chief of the division of
geodesy went to Yonkers, N. Y., to consult with the city officials and to inSpect
the precige triangulation cover 1ng the city, which was being done under the c1ty
engineer,

The scheme of precise control was found to be very well planned, and the
work was making satisfactory progress. Some. suggestions were made as-to’
details of the work to bring the methods more nearly in accord with' the most
recent practices of the Coast and Geodetic Survey. The city ofiicials expressed
their appreciation of the assistance rendered them.

[WILLiaM Bowis.]

On July 11, 1920, the chief of the division of geodesy started on an inspection
trip which included two leveling parties in Oregon, the magnetic observatory
near Honolulu, a triangulation party in Arizona, and a traverse party in
Illinois. Wh119 in the Hawaiian Islands he attended and took an active part
in the meetings of {he Pan-Pacific Scientific Congress and also had numerous
conferences with the governor and surveyor of the Temitoxy of Hawaii, and
‘with other officials as to the need for work by this Bureau in the islands. He
returned to Washington on September 9, 1920,

Later, on February 11, 1921, he went to Boston, Mass., for a conference with
the inspector in charge of that-field station and with various city officials in
regard to certain level lines needed in and around Boston and in regard to
plans for cooperation between the city and this Bureau for doing the work.

{C. V. HODGSON.]

At the beginning of the fiscal vear inspection was made of the work of a
precise-traverse party operating in Indiana, and shortly after the beginning of
the fiscal year an inspection was made of a primary triangulatlon party work-
ing‘in California and Oregon.

In the latter part of October, 1920, three days were spent at Yonkers, N. Y.,
inspecting the triangulation which was bemg executed bv the engineermg de-
partment of that city.
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- NEW YORK.

~[CHARLES SHAW.]

SUS: MARY OF RESULTS.—Triangulation : Length of seaplane speed trlal course, 17 miles; .
9 ‘stations occupled for horizontal measures. Topography: 11 square miles of area sur-
veyed ; 35 miles of shore line surveyed.

On September 25 work was begun at Jamaica Bay, N. Y., on a speed tr;al
course for seaplanes in the neighborhood of Rockaway, N. Y., and in determin-
ing points for photography in the same vicinity. Nine triangulation stations
were occupied for this purpose.

This work was completed November 12,

AERIAL PHOTOTOPOGRAPHY.
NEW JERSEY AND LOUISTANA.

- [G.: C. MATTISON.]

.SUMMARY oOF RESULTS.—Triangulation (New Jersey): 3 stations in supplemental
schemes occupied .for horizontal measures; 2 geographic positions: determined. = Topog-
raphﬁ: 83 square miles of area photographed; 225 miles of detailed shore liné photo-
graphed ; G1 miles of shore Hne of creeks photographed: 16 miles of shore line of ponds
photographed ; 250 miles of roads photographed; 21 topographic mosaies finished, scale
_(ap roximate) 1.:10,400, 'Triangulation (Louisiana) : 805 square miles of area covered;
3 signal poles erected; T stations in main scheme occupied for horizontal measures;
3 stations in supplemental schemes occupied for horizontal measures; 41 geographic posi-
tions determined. ‘lopography: 57 square miles of area photographed from an altitude
of 5,000 feet, 175 square miles from an altitude of 8,000 fect. -

Although an extensive program of aérial phototopography had been mapp({d
out early in the year, the Air Services of the Army and Navy were unable
to cooperate with this Bureau to the extent expected, and only a small portion
of the work requested wus done.  Requests were made.on the Air Service,
of the Army for a total of 2,660 square miles, comprising specified areas along
the Atlantic coast from New York ta Florida, They were unable to. photo-
graph any of these areas during the year. The only aren requested from the
Navy Alr Service was the Delta of the Mississippi River, and 232 square
milés of thig area were photographed in the spring of the year. This project
will be continued in-the coming fiscal year. . '

The office work on'the photographs of the New Jersey coast, which iere
taken in ‘March, 1920, and which were referred to in the last annual report,
was comipleted. Briefly, the process was as follows: Mosaics were constructed
of convenient length, control points identified, and reductions made by means
of the pantograph to the scale of the chart, only those data being reduced
that were to appear on the chart.  After the data had all been compared
with the existing chart, it was found necessary to make a field inspection in
order to uccoun.t for discrepancies to fill in shore line missed by the photo-
graphs, to verify features which were not clear in the photographs, ‘and to
obtain other information otherwise not shown. The mosaics were examined
in turn as the trip was made from Cape May to Seabright. Notes were.made
directly on the mosaics. After the field inspection only a few hours’ office
work was necessary to correct the reductions previously made. :

Although the photographs covered an .avea 120 miles long and over a mile
wide, the land area actually covered totaled only 83 sguare miles. The total
cost of this work, includtng reduction to :chart form, is about one-third the
estimated cost of a plane-table revision of the same area.

‘The coast of .New Jersey is covered Ly fTour charts. The aerial survey cor-
rections are being applied whenever new editions of these charts are found
necessary.  One of the charts is already being issued with the corrections:on,
while two others are in process of correction. . :

In March an officer of this Bureau was detailed to represent the Coast-and
(eodetic Survey in a cooperative gerial survev of the Mississippi River Delta.
The aerial photography was done by the Naval Air Service, the Corps of
Engineers furnished eguipnient for the handling of the ‘plane while at anchor
and in the river, and also assisted in the location of the control points, while
this Bureau determined the location of the control points. ) ' ‘

South and Southwest Passes were photographed at an altitude of 5,000
foet, in order to furnish information for the constructing engineer. The re-
mainder of the work was done from an altitude of 8,000 feet. .
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Office work on these photographs was in progress at the end of the year.

The Delta of the Mississippi is a locality where aerial phototopography has
a marked advantage over other methodls of surveying. It is a marshy area, a
region of no relief, and covered with a rank growth of vegetation consisting
chiefly of wild cane, which grows to a height of 12 feet or more. It can be
readily seen how the engineer would be hampered in trying to make a topo-
graphic survey by ordinary methods. .

The work was discontinued early in May, and will be again taken up in the
fall of the year, when it is expected to complete the Delta. It is expected
that the final results of this phototopographic survey will be a strong argu-
ment in its favor in this type of terrain, especially as regards cost and com-
pleteness of topographic detail.

The importance of aerial views other than those made purely for mapping
purposes should not be underestimated. Oblique views often furnish valuable
information to the cartographer, and they also assist in the compilation of the
Coast Pilot. The Air Services have been requested to furnish this Bureau with
copies of aerial views that might be of value. . Considerable use was made of
miscellaneous views during the year, especially along the Florida coast.

A new stereoscope is being designed for this Bureau by the Bureau of
Standards. Arrangements were made in the latter part of the year to have
this instrument constructed, as a stereoscope is a very valuable aid in the in-
terpretation of aerial photographs. : :

Arrangements were made with the Corps of Engineers, U. S. Army, to ob-
tain from them a transformer for the rectification of tilted photographs.

An officer of this Bureau was engaged during the past year in the study of
aerial photosurveying, but almost all his time was taken up by the develop-
ment of the practical side. During the latter part of the year a computer
was assigned to devote part of his time to a study of the theoretical side.

Agsistance was furnished to the Board of Surveys and Maps, through the
Committee on Photographic Surveying, in the compilation of the comprehen-
sive report on Aerial Photographi¢ Surveying.

The results of the past year's work on this subject demonstrate the advan-
tages of aerial phototopography quite clearly., Along the coastal plain of the
Atlantic and Gulf coasts this method bhas a marked advantage over the old
as regards time, cost, and minuteness of detail. The value of the photographs
as historical records should not be overlooked, The topographic sheet contains
certain specitied data, Wwhile the photograph records everything visible,

DISTRICT OF COLUMBIA.
[C. A. MoUBRHESS.]

Under instructions issued June 15, 1921, and after conference with the offi-
cer in charge of the Anacostia Radio Compass Station, the necessary stations
in the tertiary triangulation were recovered and occupied for the purpose of
locating the position of the Anacostia Radio Compass Station.

No expense was incurred in the execution of this work.

MARYLAND AND VIRGINIA.

[EaRL Q. HBATON.]

SUMMARY OF RESULTS.—Triangulation: 1 station recovefed, 2 stations determined.

In March, 1921, request was made by Lieut. Waikhart, U. 8. Navy, for certain
work in connection with the torpedo firing line on the lower Potomac River.
The expenses of this work were met by the Navy Department, which furnished
quarters, subsistence, and transportation to the observer.

The work done was the reestablishment of the forward range mark at the
8,000-yard point. This mark was supposed to have been destroyed but was
recovered by use of the refercnce mark.

In addition to this work several range signals were built and two line buoys
were located, one at the firing point and one at the 4,000-yard point. A tug
and a 40-foot launch were used during the work for the transportation of the
observer.
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VIRGINIA.
[CHABLES‘ SHAW.]

“At the beginning of the fiscal year work was under way on the triangular
speed trial course for airplanes in the vicinity of Hampton, Va., which had been
" undertaken at the request of the Navy Department, This work was finally
completed in the early part of August. ; . :

Between August 5 and 24 the observer was engaged in establishing points by
triangulation at the mouth of the Piankatank River as mentioned in another

abstract.

SUMMARY OF RrESULTS.~Triangulation, tertiary: 7 square miles of area covered; 8
signal poles erected; 1 observing tripod and scaffold built, height, 85 feet; 6 stations in
‘majn scheme occupied for horizontal measures; 4 geographic positions determined.

August 5 and 24, 1920, two triangulation stations, Boss and Cherry, were
established and determined at the mouth of the Piankatank River for useas
base stations for all future surveys required in- the river, the old station marks
having been washeg, away. .

To make station Boss permanent it was necessary to place it just inside a
wood and to construct a double scaffold 85 feet high to see Windmill Point
Lighthouse over the trees along Stingray Point.

The triangulation was done at the request of the Commission of Fisheries of
the State of Virginia for use in its surveys of oyster beds in the Piankatank

River.

VIRGINIA AND NORTH CAROLINA,
{W. H. OVERSHINER.]

. Between July 11 and 22, 1921, determinations were made by triangulation
of the geographic positions of the Naval Radio Compass stations at Poyners
Hill, N. C.,, Hog Island, Va., and Virginia Beach, Va,, and an azimuth was
determined at each station. ’

. For thig purpose stations of the Coast and Geodetic Survey triangulation
were recovered and occupied. - -

The compass station at Poyners Hill Is located about 50 meters northeast
of Coast Guard Station No. 169. The latter it was found had been moved
about & mile to the southward of the position shown on the charts.

The compass station at Hog Island is located in the yard of the Coast Guard
station on the southern end of Hog Island, and is about 75 meters northeast of
the Coast Guard station. This station was occupied eccentrically.

The.compass station at Virginia Beach is located in the yard of Coast Guard
Station No. 162 and about 20 meters north of the Coast Guard station.

CALIFORNIA,
[P, G. ENGLR.]

In April and May, 1921, the positions of the Naval Radio Compass stations at
Point. Reyes, Bird Island, Farallon Islands, and Montara Point, Calif., were
determined by officers detached for that purpose from the Natoma,

At each station an azimuth was determined.

[FreMONT MORSE.]

RESULTS.—Triangu . 26 signal poles erected; 32 stations in main
schselx’%(eMoAcI::’flp?gd for horsimnqt‘al m%als%ltgg;] ; 28 geo{éraphgc positions determined. m .
“ During the period between March 9 and April 27, 1921, the positions of
6 Naval Radio Compass stations located along the California coast from San
Diego to Point Arguello were determined by triangulation. Those connected
with the Coast and Geodetic Survey triangulation were Imperial Beach, San
Diego; Point Loma, San Diego; Avalon, Catalina Island; Point Fermin, San
Pedro; Point Hueneme, Ventura County; and Point Arguello, Santa Barbara
County. i ) s
At gan Diego and Hueneme transportation in motor ecars was provided by
the naval authorities. At Point Loma, in order to connect with the triangula-
tion, it was necessary to lay out a scheme involving three quadrilaterals with -
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short sides. At this station a meridian mark was established south of the
radio compass ag far away as the topography would permit.

At Imperial Beach the compass station is located on the ocean shore west
of the southern limit of San Diego Bay. In order to connect with the triangu-
lation it was necessary to go as far up the'bay as National City on the east side
and-Marsh Point on the west side. After the triangulation had been computed
a meridian mark was set south from the compass instrument,

In tlée reconnoissance for this trmn"ulatlon the old station' Field was re-
covere

At Avalon, Catalina Island, it was found owing to local conditions which
deflected the wireless waves and rendered the radio compass bearings unreliable,
the station had been dismantled and abandoned Tor this reason the pos1txon
of this station' was not determined.

At Point Fermin, San Pedro, it was necessary to determine a new trmngula-
tion station, located at the end of the point and about in line with the middle
of the. two windows. of the compass house,” Here the compass house is hnot
oriented north and south, and it was decided not to set.a meridian mark, since
in testing the adjustment of the circle of the compass it would be far more
convenient to sight from the station, which could be seen from the windows,
rather than from a meudlan mark from which the®instrument could not be
seen, .

At Pomt Huenene, Ventura Countv, there was a-lack of triangulation pomts
in the immediate vmmty, and in order to make connection it was necessary
to make use of a long line, Laguna to Point Hueneme Lighthouse. Laguna is
one of the primary points and is about 9 miles from the lighthouse. Two new
stations were established near the lighthouse and an elongated quadrilateral
observed. From one of the stations of this:quadrilateral located so as to see
through the windows of the compass house the distance and azimuth of the
compass instrument were measured. Here also the compass house is not ori-
ented north and south, and no meridian mark was set.

‘At Point Arguello, ‘Santa Barbara . County; two old tmangulutlon stations
established in 1874, were recovered, and from the line joining them the position
of the radio compass station was’ determmed At this stﬂtion a meridlan mark
was established.

The Point Arguello Lighthouse had not been connected w1th the. triangulation
of the Coast and Geodetic Survey, and advantage was taken of thxs oppor-
tunity to make the connection.

WASHINGTON.
[T, J. Maume, Commanding Steamer Surveyor.]

In February, 1921, determinations were. made by {riangulation of the geo-
graphic positions of Naval Radio Compass stations on Puget Sound, and true
meridian lines were laid out for use in connection therewith by two officers de-
tailed for the purpose from the steamer Surveyor. )

At Smith Island a metal reference mark was set in concrete in the light
keeper’s yard. It marks true north and is about 110 meters from the radio

. compass.

‘At Cattle Point two monuments were set in a true \vesterly direction from
the radio compass, one a.nail in cement in the top of a pipe set in concrete 5
meters from the radio compass, and the other a metal reference mark set in con-
crete 14 meters west from the radio compass. At New Dungeness a reference
mark was set in concrete about 150 meters east of the radio compass station.

The stations are calibrated by setting a transit on the top of the radio com-
pass house -and setting it to read true azimuths from north, and a vessel then
sends wireless signals from near the center of the.area to be covered by the radio
compass. The transit and radio apparatus read the azimuth. of the vessel, and
the radio circle is rapidly set to agree with the compass. The vessel then steams
as nearly around the radio compass as possible, and simultaneous readings are
taken with the transit and radio apparatus; from these a correctxon table or
curve is made for the radio compass readings,

In determining thé positions of the radio compass’ etatxons, three dzrect and
reverse directions were observed and the horizon ¢losed where practicable.

Smith Island and Cattle Point radio compasses were computed as part of the
qnndmlateral from Smith Island Lighthouse and New Dun"eness Lxghthouse
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New Dungeness is computed from three triangles, the bases being New
Dungeness Lighthouse-Smith Island Lighthouse, New Dungeness Lighthouse-
Discovery Island Lighthouse, and Smith Island Lighthouse-Discovery Island
Lighthouse, - 'When at New Dungeness radio compass observations were also
made on Ediz Hook Lighthouse.

At Slip Point three triangulation stations were found, no two of which are
" intervisible and from only one of which the radio compass is visible. A new
station was selected on a tide reef from which all three of the stations named
and the radio compass are visible. This station was marked with a metal tri-
angulation mark set in rock below high water. Slip Point is located from the
new station and station Reynolds. Slip Point Lighthouse was observed, but the
new station was not visible at the stage of the tide at the time.

Tatoosh radio compass is located by a single triangulation. Tatoosh Light-
house station mark was found in good condition, but Tatoosh radio compass is
not visible from it.

WASHINGTON AND OREGON.
[J. D. CRICHTON.]

The geographic positions of the U. 8. Naval Radio-Compass stations at Grays
Harbor, Wash.,, and Fort Stevens, Oreg., were determined, and. the true
meridian lines were laid out at those stations between November 1 and 15, 1920.

Respectfully,

'

E. Lester Joxus, Director.
. To Hon. Hereert Hoover,
Secretary of Commenrce.
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Washington.___
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- graphic surveys of v 63
Rude, G. P 82
Sabine Pass, aporoaches to, condi-

tion of hydrographic smvoys of_— 64
St. Josephs PBay, condition of hydro-

graphic surveys of - __________ 64
Salaries, entrance, too low.__..______ 6
San Francisco Bay, condition of

hydrographic surveys of.________ 606
San Irancisco field statlon ________ 102
Schoppe, R. L _____ . _.__ 109
Seattle fleld station._ _____ .. __ . ___ 104
Seran, H., Ao 5, 91
Shaw, Charles_____ ... __________ 137, 139
Shlp and launch hydrography accom-

‘plished 45
Siems, F. 8.100

South (‘molina, hydrography. .. 91 94 96
topography - _______ - __f
triangulation . ___ a1, 94 96

Southeastern  Alaska, progrum for
. hydrographie work present fis-

cal vear o oL Kkt
steamer route, condition of hydro-
graphic surveys of __ ... ..__ 67
qpend trnl course for airplanes, Vir-
__________________________ 139
Sulu Archmelzmo condition of hydro-
graphic surveys of .. ___.____.___ 71
Sulu Sea, condition of hydrographic
SULVEYS O e i 71
Surveyvor, steamer, detailed qmtoment
of assignments ...___ 4,116, 117, 140
program for present fiscal vmn___. 71
Su;v;ys aelaycd on land are waste- 8
L O S T
SBwainson, O W oo i 103
Tampa Bay and approach, condition
of hydrographic surveys of._.... 63
Taylor, D W 109
Tennessee, levellng .. . __ ... 113
Terrestrial magnetism, division of,
office work. ... ________ 26
coprogram of - e 37
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Portland to Portsmouth, moderate : Texas, latitude . ..__ e m 114
drnft, condition of hydrographie leveling - 110
SUrVeYS Of o i : 56 Jongitude e w114
Porto Rico and Virgin Islands, pro- triangulation . « e . 109
gram: for present fiscal year___.. 64 | Tidal and eurrent work, prograin for
“Porto Rico, condition of hydrographic present fiscal year. o 79
SULVEYS Ofv oo G4 present condition of___ 73
magnetic observatory.. . 134 | Tidal observations, Alaska___..___._ 117
wire drag needed. . ___.___ 53 | Tidal stations establisbed, New York' 83
Portsmouth ¥arbor, condition of hy- Tide and current observations-.____ B Yt
drographic surveys Of -l 57 Tide gauges, KEast Harlem River,
Prﬁcxso leveling accomplished during N Y 81
iscal yearo o il 41 | Mide stations, mspection . 48,81
Precise travorse, Ilinols_ o . ___ 107 Pmladelphfa, Pa., inspection of - 85
108 | Tide tables, issue of o __________ 22
105 issue of for years 1915 to 1921, in-
107 CIUSIVE oL 27
Present condition of geodetic, hydro- Tides and currents, division of, office .
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Prince William Sound, Topography accomplished, Alaska___
drag work required 13 46, 116, 118, 120, 126
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‘condition of hydregraphic sur- Oregon._
VOYS Of o e 1] Philippine Islands “132, 133
Prince William Sound to TUnimak South Carolina_-.. -~ 94,98
Pass, condition of hydrographic Virgin Islands- 134
surveys of ___ 68 -Virginia - 89
Program for cu Traverse, verification 106
the flelde el 76 Triangulatxon, accomphshod du ng
Prozram for current fiscal year in fiscal year 1N 98 100
Washington office . ____________ 37 Alaska._ ..
Publications issued during the year. 30 Arizona ...
Ranger, steamer, detailed statement California
of assignments_ . __ .o ________ 98 Florida .-~
program for present fiscal year_.. 7 Liouisiana -

Mississippl
New Mexico
New YorKe.e—e—eo_.
North Carolina_--
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Philippine Islands_ . -__
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Texas
Virgin- Islands.
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Virginia and Maryland—__..._____
Waqhington ____________
Ulrich, F.
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Sound, condition of hydrographie -
SULVEYS Of e e 68
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to Prince William

graphic surveys of ___. L. __ 64
Vessels  at the. dlﬁpoml of the .
Bureau within fiseal year._ .- 42
character of use for Coast: and
Geodetic Survey work. .-~ 10,11
new, versus old vegsels__ ... .- 10
of other organizations not suit-
able.or available for Coast and :
Geodetic Survey work. ...~ 10
Virgin Islands, condition of hydro-
graphic surveys of .. . ____ 685
SUrvey Of oo i 134
topography -~ - 140
triangulation L. __ . 140
wire-drag work needed- R 59
Virginia, hydrography _____-______ 89
speed- trial course for airplanes_.. 139
COPOBTAPRY e ]9
triangulation oo ___.- 88, 139
Washington, State of, interior waters
of, condition of hydrographic
SUrVeYS Of - mom e a7
leveling v A
magnetic observations —__ - 115
offshore surveys reguired._ 54
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triangulation-
“wire:drag work needed
Waﬁhiugton office, accomplhhments
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Wire drag surveys completed shown

Unchangeable areas, no present work required shown
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Unchangeable areas, additional work required shown 22222

Changeable areas, recent surveys shown ;
Changeable areas, old surveys shown V777
Reconnoissance work or unsurveyed shown

WIRE DRAG WORK

of the inside passages and horbors of Southeast Alaska, Frince William Sound,
Cook Inlet, and coast of Alaska Feninsula and Aleutian Islands require

G

wire drag surveys.
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