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J. Butler Building;contains library and arrhin>.::;, division of terrestrial magneti~m, part of division of geodesy] and part of division 
of charts. 2. Front Richards Building; contains part of division of geodesy, part of division of charts, division of accounts, 
and part of division of hydrography and topography. 3. Back Richarrls Building: runtains Director's room-;, part of division 
of charts, part of division of geodesy, and part of division of hydrography and tupography. 4. Formerly a stable: now houses 
the printing office, di ''ision of charts. In this building the entire output of charts of the Bureau is printed. 5. Chart, Instru­
ment, and Archivrs Building; contai11s part of division of charts, the instrnmrnt sef'tion, and the carpenter shop. 



REPORT 

OF THB 

DIRECTOR, U. S. COAST AND GEODETIC SURVEY. 

DEPARTMENT oF Co11rMERcE, 
COAST AND GEODETIC SURVEY, 

'W asltington, October 6, 19130, 
· Sm: There is submitted herewith my sixth annual report, the five 

preceding as Superintendent and this as Director of the U. S. Coast 
and Geodetic Survey for the fiscal year enrled June 30, 1920. This 
is the eighty-ninth annual report of this Bureau. 

PART I. 

Chapter I. Need of a new building for the Washington office of the 
Burenu, pa"'es 10 to 14. 

Chapter lI. Salary readjustments needed to produce an efficient 
and permanent personnel, pa"'es 15 to 19. 

Chnpter III. Work of the 1Vashington office of the Bureau during 
the fiscal year, pages 20 to 36. 

PART II. 

Chapter I. Alaska needs immediate, definite, and adequate relief, 
pa1res 37 to 50. . 

{Shapter II. What is needed to better accomplish the field work, 
J;>alYes 51 to 57. 

6hapter III. Discussion of the field accomplishments during the 
year, pages 58 to 64. 

Chapter IV. Showing conditions and needs of surveys, hydro­
g:raphic and geodetic, with illustrations-United States and posses­
sions, pages 65 to. 85. 

PART III. 

Surveying from the air, pages 86 to 88. 

PART IV. 

Resume of the work accomplished in the field and office during the 
Year, pages 89 to 169. 

INTRODUCTION . 

. Congress,' during its last session, wisely: re<'ognized the commis­
s10ned officers of the Coast and Geodetic Survey by giving them .a 
]?ay stat~s equal to the other five commissioned forces of the Federal 

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

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

There are three other .branches of the Coast and Geodetic Survey 
which, judged from their importance and value to the country, must 
be immediately recognized by providing just salaries, if they are to 
be retained, otherwise the necessarily high standard of the Survey 
must permanently suffer. These three classes 0£ men are.the com­
puters (mathematicians), draftsmen (cartographers), and instru­
ment makers. 

The computers, when first taken into the service, must be highly 
qualified as engineers and mathematicians, such as our best technical 
universities produce, but this is :riot all. When they have passed 
the rigid examination it takes some years of application to the highly 
specialized work before each man is looked upon as thoroughly 
efficient. . 

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

And the third class of men-long neglected-without adequate pay 
is represented by the instrument makers. Few can interpret the im­
portance of these men to the service. Without this force, our vessels 
and land parties could hardly function. Years ago the service bought 
most of its instruments,.but now, with changed conditions, it is found 
to be more economical, not to mention the saving of time, to manu­
facture most of the delicate and intricate instruments necessary to all 
the work within the Bureau. Many of the most valuable and com­
plicated instruments have been conceived by men in the Coast and 
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Geodetic Survey. One, the "tide-predicting machine," popularly 
known as the" brass brains of the Coast Survey," saves in labor the 
W?rk of 60 highly trained men. This remarkable instrument predicts 
with precision the tides of the coastal waters. of the world. 

The Bureau has already faced the loss of a number of these expe:i;ts 
who have been drawn to statutory positions in the other J:?ranches of 
the Government where the pay is not only greater than offered by 
t~is service but the duties are far less exactmg than those at less sala­
ries now offered by this Survey. Unless this unfortunate situation is 
corrected soon, there is but one answer. The instruments much 
!J.eeded for parties will not be forthcoming, resulting in untold delay 
in carrying on the field work. Instruments must be kept in repair at 
all times, with a reserve in case of emergencies. This is impossible 
under existing conditions. 

The situation in these three branches is just this: The salaries,are 
far too low to retain first-class and experienced technical men; the 
now apparent outcome is the necessity of filling many vacapcies, if 
filled at all, with men lacking in fundamental training or ground­
work, which obviously means delay, inaccuracy, and additional cost 
of production. It takes years of training to produce a first-class 
computer, draftsman, or mstrument maker. Shall the service lose 
this class of technical men and continue to accept anyone available~ 
The field force is now on·a substantial basis and will be handled with 
economy and thoroughness, and there is needed the same atmosphere 
of efficiency among the technical force fa this office ; otherwise the 
results will be complicated and delayed. The remedy is clear and 
economical, besides giving correct and prompt results to the country. 

Later in this· report fuller detail will be given on the merits in­
volved in this introduction, and also chapters on the imperative need 
of modern surveying vessels, a new building for the Washington 
·office, and adequate salaries for the engraving and clerical forces. 



Part !.-NEEDS OF THE WASHINGTON OFFICE. 

CHAPTER I. 

FURTHER EXPANSION IMPOSSIBLE WITHOUT A MODERN 
BUILDING . 

. This Bureau ~ccupies quarters that are a disgrace-insanitary and 
· direc~Iy responsible fo~ a clear loss of 25 per cent efficiency, not to 
ment10n the fact that it has far outgrown such quarters as it now 
oc.c,upies. The absolute ~ece~sity f~r modern and healthful quarters 
with a chance for expans10n is a daily problem. 

1. TI~e Bureau is housed in :five different buildings, but one of 
which is designed for its needs. 

2. Employees under the direct supervision of chiefs of divisions 
and chiefs of sections are necessarily hundreds of feet away from the 
directive head, and communication is only possible throu

0

0'h a laby-
rinth of stairs, halls, and bridges. 

0 

3. Ori2inal field records made at a cost of thousands of dollars 
are continuously exposed to destruction by fire. 

4. The assessor for the District of Columbia states that the value 
of the buildin~s occupied bY, this Bureau is $31~,9~0. The ayernge 
yearly expenditure for repair and upkeep of bmldmgs occupied by 
this Bureau for the past five years has been $7,835. The cost of tlie 
repairs and upkeep of the buildings yearly is 2! per cent of their 
total value. Substantial repairs can not be made because the basic 
structure of the buildings is not generally sound enough to permit 
them to be made economically. 

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

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

The office work of the Bureau lends itself to seven natural d1vis10ns 
of personnel. These are as follows: (1) The Director's o.ffi~~, with 
directive control of the office and field work; (2) the d1vISlOn of 
hydrography and topograpl~Yi .(3) 'the divisi9n of geod~sy; (4) the 
division of charts; (5) the d1v1s10n of terrestrial magne~1sm; (6) the 
division of accounts; (7) the chief clerk. In but two mstances are 

10 
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CHART PRINTING ROOM. 

In the romn indirated l)y thP arrow :ihovo, 1nore than 20 feet. hPlow tlw slrN~t lrvel, j.., pri111Pd rYery rhnrt 
that is is.3!1cd by the Coast and Gcojctic Survey, nrnre than 300,0UU during the current fiscal year. 
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ENVIRONS OF CHART-PRINTING ROOM. 

View of hnildin~s of'cupied liy th~' <:oas~, a11d .<h'Oc1Pti<~ H11rn•y, from NPw .h•rsoy .Aypnur, showing- tlw 
location of {,lie Jit11ldrng- u1 wluc•h thL' charts of the Bun•au are pnnted. 
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?r is it. possible to house the members of any one of these divisions 
in contiguous rooms. Arbitrarily it would be possible to distribute 
the personnel of each uuit of the office organization so that the mem­
bers of the several units would be in contiguous rooms, but there are 
·o~her weighty factors that must have consideration in the distribu­
tion of the personnel of the various sections and divisions. The en­
graved characters on the copper plates from which are printed the 
charts of this Bureau must be placed with a high degree of exactness 
as to position on the. J?lates in order .that the printed charts may 
represent actual conditions and be rehed upon without question by 
the navigator. To permit the engraver to do this properly requires 
that he have the best possible light facilities. There are relatively 
few rooms in the buildmg occupied by the Bureau that afford proper 
natural light for engraving work. . 

For this reason the engravers must be distributed wherever it is 
possible to obtain the requisite amount of natural light. The same. 
condition applies to draftsmen, though fortunately we have recently 
been able to bring the draftsmen together on one floor and in one 
building as a unit organization. There are other divisions of the 
office that require the con~tant consultation of the. charts of this 
Bureau, as well as of the N.avy Department and foreign countries. 
To have these charts constantly available requires numerous chart 
cases. These chart cases are considerable in size, and therefore those 
by whom they are consulted should be housed in commodious rooms. 
In no instance is there a single room sufficiently large for this pur­
pose, nor are there large rooms adjoining each other. Therefore, 
charts that are constantly consulteq by various employees of the 
Bureau are in cases in widely separated rooms, resulting in an incon­
venience and loss of efficiency that is readily appreciated. To make 
one set of charts available for two different divisions housed in differ­
ent buildings, the expedient has been adopted of placing the chart 
cases in two rooms somewhat isolated from both divisions, but at the 
end of a bridge connecting the buildings in which the divisions are 
housed, so they are equally available for both divisions, but with 
considerable inconvenience to each. The heavy chart-printing presses 
used in producing the cha"rts that are issued by the Bureau must be 
placed on a solid foundation, in rooms large enough to contain them, 
'.and with the best possible light conditions to help the printer in ad­
justing registration, etc., during the process of printing. The rooms 
tnost suited to these conditions are found in a small two-story build­
ing, 20 feet and 8 inches below the street level of the main front of 
the building in which the Bureau is housed and 'l feet below the 
street level at the rear of the buildings in which the Bureau is housed, 
surrounded on three sides by buildings that are five and six $tories 
high. (See figs. 2 and 3.) 

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

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

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

As stated before, the engravers of the Bureau must be housed in 
rooms that permit the best possible natural light. To leave free 
as many rooms as possible for this and other work of the same re­
quirements, such as computing, lithographing, chart correcting, etc., 
the copper plates on which the engraving is done and from which the 
charts are printed are stored in the basement of one of the buildings. 
The engravers are in most instances four floors above the basement 
of the building in which these copper plates are stored, and the 
majority of them in other buildings. The only elevator in the whole 
group of buildings is a freight elevator, and that is so removed that 
it is of little use for hoisting the copper plates. They are therefore 
carried by hand up and down several flights of stairs and hundreds 
of feet from the storeroom to the engravers and back to the store­
.room. Resulting from the lack of proper housing facilities adminis­
trative conditions inherent in directing the work of the divisions and 
sections of the office nse even greater and of more serious consequence 
than what might be termed "operating difficulties." In but two 
instances has it been found possible to have the division chief and 
all of the employees under his direction in connecting rooms. The 
employees of one divisio:p. are distributed through five different build­
ings in 69 rooms and on 15 different floor levels. (See figs. 4 and 5.) 
The office of the chief of this division is 393 feet from one of his 
section chiefs, and to reach the office of this section chief he must go 
down two flights of stairs and up two flights of stairs. (See fig. 6.) 
The employees of another division are housed in five different build­
ings in 62 different rooms and on 17 different floor levels. The dis­
tance between the office of the chief of division and the office of one 
of his section chiefs is 312 feet down two flights and up two flights 
of stairs. Other divisions are almost equally widely scattered. 
(See fig. 7.) . 

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

The arrow to tho left is on the !loor level of the back Richards Building. The other arrows show where this level is in the other buildings. 
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reau in the development of the process of producing charts by lithog­
rap.hy through photographic transfer from the original drawings. 
This has re.sulted in a material saving and in time and effort to get 
our charts mto print, and to the introduction of this method can be 
attributed our ability to keep abreast the very greatly increased 
demand for the charts of this Bureau. One of the steps in the pro­
ducti<?n of charts by this method requires the adjustments of the 
negatives by lithographic artists. On the accuracy of these adjust­
~ents dep~nds ~he accuracy of, the finished chart. Therefore, the 
hthograph1c artist should work under conditions where he has proper 
light and where his work is not disturbed by vibration, yet as this 
is comparatively a new development there was no place to assign the 
new personnel of lithographers,. lithographic artists, and litho­
graphic transferrers exce:pt on the second floor of the c}iart-printing 
room, directly over the prmting presses and surrounded on three sides 
by buildings five and six stories high.· Under these conditions arti­
ficial light must be resorted to to a considerable extent, and other dis­
~urbing agencies make it hardly possible to attain the accuracy that 
1S necessary. Twenty years ago photography was largely dependent 
on natural light, and therefore the pliotograph. gallery of. tl~is Bu­
reau was placed on the top floor of one of .the six-story buildings of 
the Bureau. At the present time photography is almost entirely 
<lo?e by artificial light, and, due to the fact that there is no other 
suitable or vacant place other than where now located, the photograph 
gallery can not be moved.· Yet it is next to impossible to produce ac­
thrately registered negatives for printing purposes owing to the fact 
b ~t the camera is thrown out of adjustment by the vibration of the 
b u1ldil)go~~om the heavy chart-printing presses being run in the 

asen,ieB:t'J>f the,building adjoining. · 
A~1de·;n-om the distu;rbing elements under which the Bureau is con­

ducting its· work in the Washington headquarters, there is a constant 
menace to .the quarters of ~he. Bureau by fire. The Bureau should 
be housed m a fireproof bmldmg, or'certainly one more nearly fire­
proof than the p~esent buildings. Gasoline, benzol, alc~ohol, etq.er, 
and other explos1v~ !lre necessarily used in photograP,hy, lit~og­
~aphy, and plate-prmtmg work. Although every precaut10n possible 
is taken, there is a constant dread of what might happen should a fire 
start under·favorable conditions, as there is so much mflammable ma­
~rial in these old buildings that they would certainly be absolutely 

estroyed should a fire get much headway. Incipient blazes have 
~tarted from various causes, such as overheated steam pipes, spon­
~neous combustion from oily rags, crossed electric wires, etc. 
. very precaution is taken, even to the extent of putting oily waste 
In containers partly filled with water and removing accumulation 
from the buildings at the close of each day, arid keeping explosives 
su~h as gasoline, benzol, ether, etc., in automatically closing con­
tainers. However, it is in all probability merely a question of t\me 
Under present conditions when we shall have a disastrous fire. The 
~0~sequences of such a fire are appalling to contemplate. On the 
0 t1ginal ·field records of this Bureau are based the data that are con­
~ained on every nautical chart of the navigable waters of the United 

· datrs an ~1 possessions .. Likewise, on the original field records in 
these buil<lings are based the triangulation and leveling controls of 
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the interior of the entire country. The Coast and Geodetic Survey 
is the only institution of its kind in the country, and its work is 
duplicated nowhere else. Therefore, with the destruction of its 
original records are destroyed the results of more than 100 years 
of continuous effort by the scientific men who have contributed to­
ward the development of surveys that are the most precise in the 
world. When these records are destroyed they can only be repro­
duced by actual resurveys in the field and so accurate must they 
be that progress is necessarily slow. It would take years to again 
build up basic and original data sufficient to use to produce charts 
and standard controls for mapping the country. 

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



CHAPTER II. 

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

If the Government work is to progress as it should, the Govern­
ment must provide pay for its employees that will permit at least 
the ordinary comforts of life and some provision for old age. The 
average pay of the Government worker under existing economic 
conditions does not permit this. The entrance pay is generally too 
!ow to attract applicants, especially efficient applicants. The result 
ls that in the lower grades there is a continuous turnover and a very 
large number of temporary employees. This condition puts a direct 
burden on the whole organization in that the time of the seasoned 
employees is constantly consumed in instructing the new temporary 
employees. Further, under present economic conditions, the Gov­
ernment organization is becoming weakened, due to the fact that the 
entrance pay in the Government service is relatively lower than 
elsewhere. 

Consequently the Government secures only those wlio are unable to 
meet the competition where the entrance pay is higher. This brings 
into the Government service niany who will never fit themselves for 
larger responsibilities. The result is, at least in this Bureau, that 
.:we have numbers of low-paid employees. This condition has been 
~brought about by the very low entrance salary and the necessity of 

.B.llin~ the positions permanently by the appointment of those best 
fitted. for the work, though it wa~ lmown that they were not up to 
the standard that should be mamtained. Experience has proven 
that work is more efficiently and cheaply done by a fewer nuJllber 
·of relatively well-qualified employees than by a larger number of 
lower-.Paid, inefficient employees. Even the efficient employees who 
came mto the service before the Great War and who have proven 
their worth are very much dissatisfied with present conditions. 

Outside the Government service the salaries and wages have 
steadily increased to meet the increased cost of living, but within 
the Government service the statutory salaries have remained about 
the same, with the exception of the relatively inconsiderable bonus 
of $240 per annum. The administrative officer in the Government 
service who is zealous that a high degree of efficiency shall be.main­
tained is constantly face to face with the fact that the employees 
1lnder his supervision are ~ot adequately paid and that he dare not 
force the issue by demanding results that the Government should 
ordinarily expect, because to do so would· be to drive those employees 
from the service, only to be replaced by less-experienced and less­
c~nnpetent employees. The outcome is a compromise in a not too 
rigid exaction of results, a condition in which the morale of the 
Wh hole· organization suffers, and ~ l:ixity of discipline. which will be 

arder to overcome the longer it· is allowed to contmue. Yet the 
administrative officer has but one or the other of two courses open 

15 
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to him : He can exact the services that should be ·rendered under 
ordinary con\].itions and have a continuous turnover of dissatisfied 
employees, or he can lower the standard of duties required to meet 
the salary scale provided by the Government and retain fairly con­
tinuously t}J.e employees who receive intermediate salaries. The en­
trance grades are never continually filled either by permanent OJ,' 
temporary employees. ' 

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

Thirty-six statutory places were pro;vided for draftsmen; 23 of 
these places were .filled permanently at the close of the year and 
there had been 7 separations from this roll during the year, or a 
turnover of 19.4 per cent. Forty-two statutory places were provided 
for clerks; 34 of these places were filled .permanentlJ: at the close 
of the year, and there had been 15 separations .from this roll during 
the year, or a turnover of 35.8 per cent. Thirty places were pro­
vided for messengers and laborers; 28 of these places were filled 
permanently at the close of the year and there had been 18 separa­
tions from this roll during the year, or a t~rnover of 60 per cent. 

While there has not been any turnover m the class of employees 
designated as," instrument makers" in· this Bureau, this is due to 
the fact that it has been impossible to fill vacancies caused by resigna­
tions. The term "instrument maker" does not convey the full mean­
ing of the qualifications and training requisite for a person to per­
form the duties assigned those appomted under that designation in 
this Bureau. There is really no readily understood term that fit­
tingly describes the position. The prime requisite of the work of 
this Bureau is that the results must be precise. In order to attain 
exactness, it is absolutely necessary that the instruments used in 
makj,ng these precise surveys shall be graduated perfectly and shall 
be mechanically perfect. The or<linary toolmaker or lathe operator 
found in factories is about as proficient in repairing and keeping in 
order the delicate and exact instruments that are used by this Bureau 
as is a blacksmith to repair a watch. There are very few firms in 
this country that devote any time to making surveying instruments 
of the more precise kind such as are used by this Bureau. Those 
engaged in making instruments produce the cruder instruments used 
by sur~eyors. Su:veying instruments used for scientific Pllrposes 
are admitted to this country duty free. Therefore most of our pre­
cise instruments are imported. "Resulting from this there is in this 
country a very limited field from which to draw men qualified to 
repair these delicate and exact instruments, and when we do secure 
such men they are invaluable to us. They are drawn largely from 
those who have had apprenticeship in shops abroad where these 
instruments are made. An early apprenticeship and training in this 
work where these delicate instruments are made fits a man better for 
this work than a long term of actual experience in shops where close 
attention to exactness and painstaking oare in handling delicata 
instruments is not required. The deplorable feature of this matter 
in connection with this Bureau is that the salary paid our instru-



REPORT OF DIBECTOR, COAST AND GEODETIC SURVEY. 1 7 

ment makers for this precise work is so very low that men can go 
from our. shop, where so much care is reqmred, to a quantity-pro­
duction shop, where less care is required, and get more pay. Men 
have left our shop and gone to other shops where the reqmrements 
as to care and accumcy are not so great, and therefore the tax on the 
man is not so great1 and secured more than twice the amount of pay 
they were drawing m our shops. 

· The inadequacy 0£ the existing salary scale in the engraving 
section is striking. 

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

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

The engraver with 10 years' experience, who is receiving a basic 
salary of $1,000, is being urged by his family and friends to leave 
and is made a subject 0£ ridicule by others for remaining. He has 
remained, he says, because he likes engraving better than any other 
work he could get to do and hopes_ he will not be driven to do less 
congenial work by a continuance of his inadeq_uate pay. He is a 
skilled engraver and faithfulness personified in his work. He should 
easily command a much higher salary in another occupation. 

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

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

The bank-note engraver can get employment outside the Govern­
ment; the chart engraver can not. The employer of both is the same, 
yet one branch has been advanced 50 per cent, while the other has 
received practically no increase for years. As the value of the bank­
note engraver has been apparently determined by his ability to re­
ceive higher pay outside the. Government and the chart engraver 
can not get employment elsewhere, he is, of course, discouraged by 
the change of relation between his pay and that of those who received 
practically the same only a few years ~ince. Now, driven by discour-
1$ement·the chart engravers are seekmg employment at other work. 
~our engravers have resigned in the past three years and but one 
of these is at present employed at engraving. 

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

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

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

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

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

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

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

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

The result of the contmuous turnover mentioned above is not yet 
fully apparent, nor is it yet reflected in the lack of integritj' of the 
data issued by the Bureau, and my hope is that it will never reach a 
point where the exactness of the data issued by the Bureau can be 
questioned; yet, right now, it is only through the zeal, painstaking 
care

1 
and extra efforts of the -seasoned employees of the Bureau who 

are imbued with the old-time tradition that the Bureau shall set the 
standard of scientific exactness that prevents the disintegration that 
would mean the loss of fidelity of our charts, tide tables, magnetic, 
and triangulation publications. The results shown on our charts and 
in our publications are now accepted without question as to accuracy, 
and this the public ha! the right to expect, but it is my duty to issue 
the warning that a dissatisfied and underpaid personnel and one that 
is continuously changing with only the responsibility of the moment, 
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can not be expected to continue to produce the high standard of the 
past, and there is a point where the supervisory officials, no matter 
how diligent, can not check these inaccuracies because it is not hu­
manly possible to go into the details necessarily involved. The only 
possible way to maintain this accuracy is that the individual em­
ployee shall be so zealous that his work shall be above question, and 
this ideal is only approached by having properly compensated con­
tented employees, and can never be expected where employees who 
are engaged on work that it has taken years of experience tmd train­
ing to make them proficient at are receiving salaries below those of 
lesser ability and training in private life. I am continuously con­
fronted by the fact that employees of our intermediate grades are 
leaving this service and receiving salaries that ate higher than those 
received by our highest gradeR. Such conditions are not conducive of 
efficiency in Government service. Right now we are dangerously 
near the point where these conditions will be reflected in the inac­
curacy of the product of this Bureau. 



CHAPTER III. 

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

The organization of the Washington office throughout the year by 
divi~i<?n.s and sections, was7 as in the prE'.vious .Year, namely: ' 

D1v1s10n of hydrographrn and geodetic engmeer in charge of the 
office: Section of instruments, section of library and archives and 
section of miscellaneous. ' 

Division of hydrography and topography: Section of field work 
section of vessels and equipment, section of coast pilot, and sectio~ 
<>f tides and currents. 

Division of geodesy. 
Djvision of. charts: Section of field· records, section of draftin<Y 

section of engraving, section of printing and sales, section of phg~ 
tography. 

Division of terrestrial magnetism. 
Division of accounts. 
The work done by the Washington office during the fiscal year by 

-divisions of the office, was as follows: ' 

DIVISION OF HYDROGRAPHIO 'AND GEODETIC ENGINEER IN CHARGE OF THE 
OFFICE. 

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

The more important items of accomplishment of the division of the 
hydrographic and gE'.odeti<: enginee: in charge of 'the office during 
the fiscal year for which tlus report is made are as :follows: / 

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

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

The responsibilities of transferring furniture, equipment, and 
records to the new building fell on the office of the hydrographic andl. 
geodetic engineer in charge of the office. Considering the small force· 
available for the purpose of moving, the labor in connection with. 
the moving of the equipment of the various sections of the office· 
involved in the transfer from the old to the new building was enor­
mous. The following parts of the office were involved: The drafting:· 
section, instrument section, carpenter shop, electrotype section, sec­
tion of tides, parts of the division of ~eodesy, and the library and'. 
archives. This work was commenced about the middle of June and1 
was not completed until the close of the calendar year. Even after 
the latter date minor details were left. The original topographic 
and hydrographic sheets, indicating records of surveying work in 
the field, all of which were in metal tubes, drawings, blue prints, and 
miscellaneous documents, were transferred from the second floor of 
the Butler Building to the new vault in the Chart, Instrument, and 
Archives building and placed under the charge of the .division of 
charts. The transfer involved the inspection of every tube and 
making record ·of all the contents. The work was commenced Au­
gust 21 and was finished October 13, 1919, for the tubes then in: 
storage. With the transfer of the chart division, the instrument. 
section, and the carpenter shop in the new building, much needed 
room was left for expansion of the then exceedingly c"r.·a,:mped other 
divisions of the office. Before occupying these rooms they were­
thoroughly renovated, painted, and equipped with modern illumina-
tions. · 

Many other repairs were made to the buildings occupied by the 
Bureau during the yearJ such as paint~ng exposed parts of the build­
ings, equipping rooms tor chart-paper storage and drying purposes, 
making changes in the heating eqmpment, replacing_ broken slate in 
the roofs of the buildings, repairing ceilings, etc. The total cost of 
these repairs was $14,830.21. . 

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

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

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

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

Office force------------------------------------------------------------ 23<> 
Field force------------------------------------------------------------ 217 

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

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

Days. 

Annual leave-------------------------------------------------------- 7,940 
Sick leave----------------------------------------------------------- 2,190 
'\Vlthout pay leave----~---------------------------------------------- 2,423 
Accrued leave------------------------------------------------------- 2,252 

While the number of employees naturally varied on account of 
resignations and vacancies, calculated on the number actually in the 
service on June 30, 1920, as a basis of computation, the average an­
nual leave taken during the year by each employee was approxi­
mately 20 days and the sICk leave 4.9 days. 

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

The receipts from the sale of charts, publications, etc., amounted to 
$58,847.47. 

DIVISION OF HYDROGRAPHY AND TOPOGRAPHY. 

The division of h:ydrographi and topography has supervision of 
all hydrographic and topographic surveys executed by this Bureau 
which supervision includes the determination of where surveys o; 
resurveys are required, how they shall be conducted, the preparation 
of instructions for surveying parties, the organization of the parties, 
and the inspection of the field work, and examination of the records. 
It is also ch.ar(J'ed with the construction, maintenance, and repairs of 
the vessels and other field equipment, except instruments, the records 
of the seamen employed on this work, the compilation of the coast 
pilot in the field and office, the observation of tides and currents, and 
compilation of tide tables. · 

For administrative purposes the division is divided into four sec­
tions, kno-yrn as the secti.on of field w?rk, sec~ion of vessels and equip­
ment, sect10n of coast pilot, and sect10n of tides and currents. Each 
of these sections is under the direction of a hydrographic and geodetic 
engineer, who is responsible for the efficient and economical adminis­
tration of his section under the general supervision of the chief of 
the division of hydrography and topography. 

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

Ship hydrography performed during fiscal year : square miles. 
Delaware Bay approach------------------------------------- 213. 00 
Chesapeake Bay approach------------------------------------ 480.00 
Doboy Sound, Ga., entrance___________________________________ 42. 25 
Pamlico Sound, N. C----------------------------------------- 76. 00 Key·West vicinity ______________________ _._____________________ 300. 10 
Gulf of Mexico-Pensacola Bay-Ohandeleur Islands and off-

shore surveys---------------------------------------------- 3,2Q3.00 
Mississippi River approach------------------------------------ 225. 00 
San Francisco BaY------------------------------------------- 109. 60 
Point Arena to Cape Mendocino, offshore surveys______________ 705. 00 
Shelikof Strait, Alaska--------------------------------------- 650. 00 
Philippine Islands------------------------------------------- 21, 770. 00 

Wire-drag surveys : · 
Between Portsmouth N. H., and Cape Porpoise, Me ____________ _ 
Approach to Narragansett Bay and Block Island Sound _______ _ Lake 'Vashlngton ___________________________________________ _ 

Stephens Passage, S. E. Alaska------------------------------
Launch hydrography: 

146.00 
175.00 

5.00 
127.50 

Cape Porpoise Harbor, Me____________________________________ 1. 00 
Gravesend Bay, N. y ______________________________________ .:___ 2. 00 

Hampton Roads, Va----------------------------------------- 22.25 

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

Shore line, 
statute miles. 

Gravesend Bay, N. Y------------------------------------- 6. O 
Hampton Roads, Va_______________________________________ 13. O 
Pamlico Sound, N. C------------------------------------- 115. o 
Doboy Sound, Ga________________________________________ 12. 0 
Vicinity Key West--------------------------------------- 18.7 
Humboldt B11y, Calif_____________________________________ 17. O 
San Frnnscisco Bay, Calif_________________________________ 76. O 
Lake Washington and Lake Union, Wash __________________ 110. O 
Shelikof Strait, Alaska----------------------------------- 28. O 
Virgin Islands------------------------------------------- 44.0 
Philippine Islands----------------------------------,------ 21.4.0 

DIVISION OF GEODESY. 

Area, 
square miles. 

3.0 
76.0 
11.0 
2.8 

11.1 
50:0 

50.0 
340.0 

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

Computat10n and adjustment of the following pieces of triangula­
tion: 
1. Primary triangulation," Rio Grande 6. In Maryland and District of Colum-

arc. bla. 
2. Primary triangulation, ninety- 7. In Massachusetts. 

eighth meridian, vicinlty of Waco, 8. In Rhode Island. 
Tex., eastward ·to Mansfield, La. 9. In New York. 

3. Primary triangulation, Sanford to 10. In California. 
oblique arc. 11. In Virginia. 

4. Primary triangulation, Mexican- 12. In Oregon. 
California boundary. 13. In Maine and New Hampshire. 

5. Primary triangulation, vicinity of 14. In Florida. 
Phoenix, Ariz. 15. In Utah and Arl11ona forest areas. 

Computation of the following lines of precise traverse: 
1. Norfollc, Va., to Savannah, Ga. 
2. Wilmington to Sanford, N. C. 
3. Macon to Griffin, Ga. 

4. Little Rock, Ark. to Memphis, Te.on. 
5. Mansfielrl to Naples, La. 
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Computation and adjustment ·of the following lines of precise 
levels: 
1. Troy to Whitehall, N. Y. 
2. Hillsboro, Tex., to Natchez, Miss. 
3. Norfolk, Va., to Savannah, Ga. 
4. Rouses Point to Niagara Falls, 

N. Y. 

5. Buffalo to Watertown, N. Y. 
6. Kirk, Oreg., to Roseville, Calif. 
7. San Jose to Santa Ana, Calif. 
8. Southeastern United States. 

The computation of azimuths along the following pieces of tri-
angulation and traverse were in progress: 
1. Savannah, Ga., to Norfolk, Va. 7. Little Rock, Ark., westward. 
2. Wilmington to Sanford, N. c. 8. Yuma district, Ariz. 
3. Hio Grande arc, Tex. 9. Little Rock, Ark., to Memphis, 
4. Texas-Louisiana, from the ninety- Tenn. 

eighth meridian eastwardly. 10. Macon to Forsyth, Ga. 
5. Utah-Oregon arc. 11. Salt Lake, Utah, to Needles, Calif. 
6. Sanford, N. C., to oblique arc. 12. North Vernon to South Bend, Ind. 

Computations were made of longitude along the Rio Grande arc 
and the ninety-eigh~h ~eridian ~astward. Lati~udes were. co!llputed 
along the traverse Imes m Georgia, North Carolma, and V1rgmia. 

One of the most important pieces of work completed during the 
past fiscal year was the primary computation o~ all the traverse 
lines in Florida, Georgia, North and South, qarolma, a~d Virginia. 
These lines were run at the request of the Chrnf of Engmeers U. S. 
Army, during the war. In this preliminary computation. an ~djust­
ment was made only for the azimuths which were held final as ob­
served. The discrepancies resulting from the computation in lati­
tude and longitude were distributed according to the number of 
positions involved. 
. In most of the lines of traverse it is difficult to get an idea of the 
degree of accuracy, on account of the fact that they start with and 
end on the tertiary triangulation of the coast. But in the two in­
stances where we have complete loops of traverse the errors of closure 
are comparatively small. For instance, in the all-traverse loop, 
Macon-Savannah-Everett City, about 400 miles in length, the closure 
is 1 part in 110,000. In the all-traverse loop, Albany-Callaham, 330 
miles in length, the closure is 1 part in 250,000. 

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

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

DIVISION OF CHARTS. 

The accomplishments of the chart division, under proper headings, 
are as follows : 

CHART PREPARATION. 

Drafting. 

Schemes approved for new charts------------------------------------- 1 
Approved schemes on hand, charts not started________________________ 3 
Compilations of charts finished--------------------------------------- 14 
Compilations of charts in hand--------------------------------------- 8 
Compilations of started work discontinued awaiting data--------------- 1 
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Compilations of started work discontinued for more pressing work______ 2 
Smooth drawings of charts finished-----------------------------------'- 11 
Smooth drawings o.f charts in hand----------------------------------- 7 
Extensive corrections finished---------------------------------------- 99 
Extensive corrections in hand---------------------------------------- 6 
Extensive corrections started, work discontined awaiting data__________ 2 
Drawings for minor corrections finished ______________________________ :_ 645 
Corrections, aids or dangers------------------------------------------ 2, 334 
New charts or new editions for which complete aids were plotted________ 73 
Proofs of charts verified _____________ :_ ________________________________ 2, 176 
New drawings of charts from Manila, finished------------------------ 5 
Drawings of extensive corrections from Manila, finished________________ 5 
Drawings of extensive corrections from Manila in hand_________________ 1 

Engravbng. 

1916 1917 1918 1919 1920 

--------~.-------------- ---------------
New plates f1r new charts finished............................. 2 8 6 6 4 
New :rlates f1r new charts in hand............................. 11 6 9 6 5 
New ]'.llates for lithograph charts finished...................... O 3 2 1 O 
New Plates for lithograPh charts In hand...................... 3 2 1 1 0 
New basso' f1r new editions finished........................... 11 16 8 12 11 
New bassos for new editions In hand........................... 16 3 7 8 4 
New bassos fJr reissues finished............................... 3 9 17 9 13 
New ba,sos for reissues in hand............................... 10 18 10 9 8 
New editions using current piates finished..................... 24 32 16 12 15 
New editions using current plates In hand..................... 2 2 14 4 O 
Extensi've corrections applied to illates... ... . ...... .. . .. ...... 314 269 144 175 158 
Extensive corrections applied tu plates in hand................ 14 7 17 5 20 
Miscellaneous plates engraved or corrected..................... 22 21 1 2 13 
Minor corrections applied to plates............................ 1, 158 696 719 236 247 
Charts In sectlrn, engraving not started........................ O 0 O 2 1 
V arlous miscellaneous engraving. . . . • . . • • . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . • . • . . . . . . • . • . . . . . . . . . . . . •....•• 

Photographing. 

Glass ncgatiYes made.......................................... 1,22
1
5
1 

1,109
0 

11 208 1, 592 1,48
0
1 

Paper negathes made......................................... 6 O 
Velox prints marte. ....•................ .....•.... ...•......... 4,3

5
13
2 

3,4
3
13
6 

11 76
8
1 2,430 1134

0
5 

Vandyke prints made......................................... O 
Bromide prints made.......................................... 500 391 489 359 322 
Blue prlntsmade.............................................. 2,411 1,921 1,513 1,824 993 
Photostat prints made ...••......•....•..............•....•.... 18,519 19,

2
0
0
1
8
7 11,550 22,4

88
76 161 416 

Lantern slides made ..••.•.•.•.• -.............................. 354 109 45 
Matrices made ...•....•.....•..•.......•....• .,................ 43 96 52 18 108 
Redeveloping prints........................................... • . . . . . . . 197 267 O 79 
Prints mounted............................................... 39 63 118 39 214 
Negath-os de,elored. ... . .. . . • • •. . . . . . ••. . . • • . . . . . .• . . . . •• . . . . . 32 41 22 235 10 
Photolithographlc negath·es for charts......................... 30 29 110 354 590 
Various miscellaneous negatives and prints .•..•••.••....••.•....•.•.•...••.•....••......•...•...•.•..• 

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

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

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

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

1900 1905 1910 1915 1917 1918 1919 1920 

------------------------
100.0 145. 7 168.1 181.8 353.6 339.9 441.5 455.8 

It should not be assumed that this increase in the issue of charts 
necessitates a corresponding increase in the force required to produce 
them. The time and effort required in c~art production is expended 
in handling the miscellaneous data received :from various sources, 
compiling them into the form in which they are to be published, 
and carrying them through the various processes by which they are 
finally put down on the printing plate. Once the plate is ready for 
printmg, with presses printing from 1,009 to 3,000 charts per hour, 
it is a simple matter to so increase the size of the editions printed 
as to take care of any reasonable .increase in demand . 
. T~ese large !ss~es· <;>f charts. in rec~nt years, therefo_re, are chiefly 

sigmficant as mdicatmg the mcreasmg extent. to which the charts 
are being used, and in direct consequence the increasing importance 
of keeping them so adequate and up to date that the mariner can 
use·them with assurance that they portray the actual present con­
ditions of the waters he is traversing. 

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

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

Our problem is twofold-:-first, and most important, to keep our 
present charts corrected :for all essential information received since. 
they were originally compiled; and, second, to as rapidly as possible 
replace our present unsatisfactory charts with new ones conforming 
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t~ our present standards. Cor:ection of the present charts must be 
~1ven precedence. The ef§sential parts of the ·constant stream of 
!nformation pouring int.o ·this office, showing the river and harbor 
imrrovements by the Umted States engineers, changes in aids to navi­
gat10n by the Bureau of Lighthouses, natural or artificial changes 
in channels or shoals revealed as a result of our own surveys, and 
water-front development by various municipal or private agencies, 
must be passed on to the navigator. Only such time as remains from 
this task can be devoted to the production of new charts. 

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

. To-day, 10 years after the work on this program was begun, this 
program is less than 50 per cent completed. 
· The present situation, therefore, is one of long standing. It is not 

a result of the war; in fact, the war has tended to improve it rather 
than make it worse, for the amount of material for chart correction 
received during the war was much below the normal, due to the 
transfer to military duties of the men who formerly had been collect­
ing_ such material m the field. 

The reason for this situation is lack of trained personnel to produce· 
the charts. 

The number of employees required should be measured by the 
amount of data received by the Bureau for applipation to the charts. 
Between 1900 and 1919 the amount of such material received in­
creased over 150 per cent, while the number of employees authorized 
to chart it increased only 16 per cent. Obviously, 1f the methods and 
practices in use in 1900 were even reasonably efficient according to 
the then existing standards, the only possible result would be that 
much of the information received would never be adequately shown 
on our charts. Such has been the actual result. In spite of every 
ecoomy in time and effort which the Bureau has been able to effect, 
we are to-day issuing to the navigator charts which are obsolete in 
many important respects, while the material from which modern 
and adequate charts might be constructed is lying- in our achives. 

The remedy for this situation is twofold : 
1. Slight increases in the numbers of employees authorized in the 

various sections engaged in chart production. 
2. Such increases in the salaries of positions at present authorized 

as will enable the Bureau to fill existing vacancies and to hold the 
men who demonstrate their capacity for the work. 

Consider, for example, the draftsmen. The drafting force com­
pletes and verifies records turned in by the field parties, compiles all 
the material into the form in which it is finally to appear on the 
charts, and makes finished drawings of such charts. The present 
authorized number of draftsmen is 36. Forty would be an adequate 
number to properly handle the work. But of the 36 authorized posi­
tions, approximately 40 per cent have been vacant during the past· 
fiscal year, and there is no prospect of filling those vacancies at the 
salaries which the Bureau is authorized to pay .. The draftsman 
should have had at least three years of a civil-engineering course. 
For men so trained the Bureau is offering $1,200 and $1,400 per 

·annum or little more than half what its comµetitors both inside and 
outsi<le' the Government servic;e have been offering. 
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. Th~ increased demand has been met. The charts have been kept 
m prmt, and have been corrected promptly for the essential parts of 
all information re'Ceived at the office in condition to use. That of 
itself, considering 'all the circumstances, is an achievement in which 
the Bureau may well take pride. But it has been accomplished, in 
part at least, at the sacrifice of certain desirable qualities in the 
charts, and it has left too little time available for work on the pro-

. gram of chart reconstruction. 
Another noteworthy feature of the division's work during the 

year has been its contributions to the science of map projection, with 
particu~ar reference tp those projectioi;is whose qualities adapt them 
to use m maps of the whole Umted States or the North American 
Continent. Two base maps of the United States, on the Lambert 
conformal conic projection and the Lambert zenithal equal-area 
projection, respectively, and an Aitoff's equal area projection of 
the sphere have recently been publishedi.... along with a number of 
treatises on these and other projections. :1·he demand for these pro­
jections has greatly exceeded our expectations and affords ample evi­
dence of the service which may be rendered the public by studies of 
this character. It is worthy of note, in passing, that much of the 
work on these subjects was done outside o:f office hours. The graphic 
diagrams opposite this page show the issue of charts from 1896 to 
1920, inclusive, and the issue of Coast Pilots from 1901 to 1920. 

DIVISION OF TERRESTRIAL MAGNETISM. 

The reduction of the work of the Honolulu magnetic observatory 
for 1917 and 1918 was completed and the results were submitted for 
publication. At the end of the year results for the same period for 
the Sitka and Tucson observatories were ready for publication, except 
for the preparation of tracings of the principal magnetic stormst 
and the reduction of the Porto Rico work was near1y completed. 
The reduction of the Cheltenham results was delayed until the con­
clusion of the investigation of the difference between the records of 
the two H variometers. 

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

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

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

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

The earthquakes recorded at five magnetic observatories have 
been tabulated monthly, and the results have been published in the 
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"¥onthly Weather Review and transmitted to the International. Seis­
mological Association and others engaged in a comparative study of 
-earthquake data. 

Special observatory data were prepared for the department of ter­
restrial ma,&"netism of the Carnegie Institution of Washington, the 
Dominion ubservatory of Canada, and the observatory at Eskdale­
inuir, Scotland. · 

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

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

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

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

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

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

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

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

Compass data were supplied for 165 charts. 

SEGREGA'.rING THE RESUJ,TS OF SURVEYS A BENEFIT. 

The geodetic surveys by this Bureau cover large areas of the coun­
try. In the past it has been the practice to issue publications con­
taining the results of these surveys with reference to the area covered 
by the particular arc of triangulation or line of precise leveling and 
without reference to any geographical portion of the country. (See 
fig. 50 opposite p. 136.) These surveys established the framework for 
large mapping and surveying/rojects throughout the country, as 
Well as to determine State an national boundaries. Before these 
s~i;veys had been sufficiently extended to establish triangulation sta­
tions and elevations sufficiently numerous to be of use for local 
projects but little attempt had been made to bring them to the atten­
tion of those interested in these local projects. Now that these sur­
~eys are sufficiently extended to make the points determined suffi­
ciently numerous to be .of use locally, there is no reason why the data 
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resulting from them, when the points are within available distance 
should not be used for these local projects. ' 

With this realization came the knowledge that the publications as 
heretofore iss~ed, covering, as they do,. many States in the Union, 
wer~ not sufficiently known to local engmeers. Furthermore, it was 
realized that to send out announcements regarding these publications 
without a definite guide as to their contents would result in random 
requests for them and a wasteful distribution. Therefore an en­
deavor was made to economically place the geodetic and other data 
in the possession of this Bureau at the disposal of local civil engi­
nee:rs and sur-yeyors and to c:ill the~ to the attenti<;>n of all likely to 
b.e m.terested i~ local surveym~ proJe.cts. In pu~tmg this informa­
tion mto practical form, .work is now m progress m makinu :for each 
State in the Union a se2!Lrate digest of the geodetic p;blications 
issued by this Bureau. Up to the present time digests have been 
made for Iowa, Minnesota, and Illinois. These digests contain in 
alphabetical ord~r the coun~ies in the State, and ~ya tabular arrange­
ment are shown m alphabetical order each place m each county where 
our observations (triangulation, leveling, and magnetic) have been 
made,, the publicati?n of the Bureau co;ntaining the data, and the 
page m the publication where the data will be found. Each of these 
dig~sts is accompanied by a small outline ~iagram .of the State upon 
which, by symbols, are shown where triangulation, leveling, and 
magnetic observations have been made. (See fig. 9a.) 

The response in reques~s for inf~r~ation resulting from the issue 
of these digests is exceedmgly gratifymg and demonstrates the need 
for some such means of economically bringing to the public the in­
formation that this Bureau has accumulated in its more than 100 
years of existence and of which the public heretofore has had too 
little acquaintance. 

PUBLICATIONS ISSUED DURING THE YEAR. 

Serial No. 104. U. S. Coast Pilot, Philippine Islands. Part 1. Luzon, Mindoro, 
and Visayan. First edition, 1919. Octavo. · 

Contains sailing directions for and descriptions of the coasts of these 
islands for the use of navigators. Covers the area formerly included in 
RPction!': I to IV of the Philippine Islands Sailing Directions. 

Serial No. 108. Pacific Coa!':t Tide Tables for WP!':tern North America, Eastern 
Asia. and Many Island Groups for the Year 1920. 

(Reprinted from General Tide Tables for the year 1920.) 
Serial No. 110. General Theory of Polyconic Projections. By Oscar S. Adams, 

geodetic computer. Special Publication No. 57. 174 pp. 1 1v,ap, 48 .figs. 
In this volume an attempt has been made to gather together all of the 

investigations that apply to the systems of polyconic projections for maps. 
Serial No. 111. GeollE>Ry. General Instructions for Precise and Secondary 

Traverse. Special Publication No. 58. 49 pp. 5 figs. Octavo. 
Designed for highest class of traverse, equal in accuracy to primary 

triangulation, and for secondary traverse comparable in accuracy with 
secondary triangulation. 

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

Contains a description of the grid system devised for us~ in surveys and 
maps of the United States, and the method of using the same, with a table 
of grid coordinate!': for five-minute intersections covering an area 9° wide 
in longitude and 21° 20' in length in latitude. These tables can be used 
for the whole area of the United States proper by changing the designation 
of the longitude to fit the particular zone needed. 
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Serial No. 113. A Study of Map Projections in ,~neral. By Oscar S. Adams. 
geodetic computer. Special Publication No. 60. 24 pp. 15 figs. Octavo. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

97 pp. 1 pl. 8 text fig. Octavo. 
Serial No. 122. Inside Route Pilot, Key West to New Orleans, 1919. Second 

edition. 82 pp. 6 maps in pocket. Octavo. Price, 10 cents. 
Describes the inside routes along the Gulf of Mexico between Key West 

and New Orleans. The maps show routes practicable for small vessels. 
Serial No. 123. Atlantic Coast Tide Tables for Eastern North America for 1920. 

(Reprinted from the General Tide Tables for the year 1920.) 
Serial No. 124. Pacific Coast Tide Tables for the year 1921. 

(Reprinted from General Tide Tables for the year 1921.) 
Serial No. 125. Terrestrial Magnetism. Alaska Magnetic Tables and Magnetic 

Charts for 1920. By Daniel L. Hazard, assistant chief, division of terrestrial 
magnetism. Special Publication No. 63. 31 pp. 3 maps in poclrnt. Octavo. 

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

Serial No. 127. Inside Route Pilot, New Yorlc to Key West. Fourth edition. 
1920. 93 pp. 8 charts In pocket. Octavo. Price, 20 cents. 

Serial No. 128. Terrestrial Magnetism. Results of Magnetic Observations Made 
by the United States Coast and Geodetic survey in 1919. By Daniel J,. 
Razard, assistant chief, division of terrestrial magnetism. Specia:l Publica­
tion No. 64. 27 pp. Octarn. 

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

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

Summary of results of geodetic surYeys in Iowa available for engineers. 
Serial No. 130. Geodesy. Instructions to Light Keepers on Primary Trianguln­

tlon. Special Publication No. 65. 51 pp. Duodecimo. 
Gives detailed instructions in regard to signaling, care of elecfric signal 

lamps and batteries, accounts, etc. 
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Serial No. 131. Digest of Geq_detlc Publications Issued by the United States 
Coast and Geodetic Survey Jresulting from Surveys in the State of Minnesota. 
Triangulation, leveling, variations of compass. 1920. 12 pp. 1 map. 

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

Annual Iteport of the Superintendent of the United Stutes Coast and Geodetic 
Survey for the I<'iscal Year Ended .June 30, 1919. 150 pp. (l pl. 40 maps. 
Octavo. Cloth. 

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

'l'wo New Ilase Maps of the United States. Description by Charles H. Deetz. 
44 pp. Octavo. 

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

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

Supplement to Unite<l States Coast Pilot. Section D. January 2, 1920. 25 
pp. Octavo. 

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

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

Philippine Islands Notices to Mariners. Nos. 2, 3, 4 of 1919 and No. 1 of 1920. 
Coast and Geo<letic Survey Bulletin. Issued monthly. July, 1919, to June, 

1920, inclusive. 

N~:w CHARTS AND NEW EDITIONS OF CHARTH. 

New charts:. 
187a. Western approach to Pensacola Bay, Fla. and Ala. 
220. Stratford to Rherwood Point. 
221. Sherwood Point to Stamford Harbor, Conn. 
224. Oyster nm! Huntington Bn~·s, south shore of Long Island Sound. 
245. Harbors 01' Plymouth, King,;tou, nnd Duxbury. 
801. Calais to West Qnoddy Hean. 
1209. Nantnekct Sound aml upprouehes. 
1'.W6. Mobile Buy and entrance, Ala. 
1267. Mississippi Sound and upproaehes, Dauphin Island to Cat IRiand. 
1268. Lake Borgue and approaches. 
4314. Northern part of Busnangu. 
4319. G1·een Island Bn~·. Palnwan and vicinity, P. I. 
4355. Harbors on Dumarnn Island, P. I. 
81lJ2. HecntE> Strait to Etolin Island. 
8152. Dixon entrance to Chatham Strait. 

New editions of cbarts : 
101. Calais to Little ltiver, including Gobscoo!{ Bay, Me. 
154; Isle of Palms to Hunting Island. 
156. Savunnah to Sapelo Island. 
157. Sapelo Island to Amelia Island. 
158. St. Marys entrance ancl southward to latitude 30° N. 
159. St. Augustine Inlet to Hallfax River, Fla. 
166. Key Biscayne to Carysfort Reef. 
167. Elbow Key to Matecumbe Key. 
169. Newfound Harbor Key to Boen Grande Key. 
204. Galveston Buy. 
243. Ipswich Bay to Gloucester Harbor. 
245. Harbors of Plymouth, Kingston, and Duxbury. 
248. Boston Inner Harbor. 
276. Harbors of Refuge at Point .Judith and Block Island. 
278. Providence mver and Head of Narragansett Bay. 
274. Harlem River. 
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New editions of charts-Continued. 
284. Hudson River-Corsackie to Troy. 
293. New Lorn:lon Harbor and Naval Station. 
317. ·winter Harbor, Schoodic Peninsula. 
325. Portland Harbor, Me. 
329. Portsmouth Harbor. 
330. Isles of Shoals. 
352. Providence Harbor, R. I. 
353. Nurrngunsett Bay, R. I. 
366. Hempstead Harbor. 
369. New York Harbor, N. Y. and N. J. 
381. Philadelphia water front, Schuylkill River. 
400. Hampton Roads. 
413. Pensacola Bay entrance. 
428. Winyah Bay. 
431. Charleston Harbor. 
434. North Edisto mver. 
440. Tybee Roads, Savannah River, and Wassaw Sound (2 new editions). 
445. Charleston and vicinity. 
450. Sutilla '.River, Bailey Cut to Bl1rnt F'ort, Ga. 
494. York River, entrance to Yorktown. 
525. Brazos River entrance. 
541. New Yorlc Harbor, Upper Bay and Narrows, N. Y. and N. J. 
560. Potomac River, Mattawoman Creek to Georgetown. 
584. Key West Harbor and approaches. 
908. San .Tuan Harbor. 
950. Colon Harbor, Canal Zone. 

1111. Charleston Light to Cape Canaveral. 
1205. Cape Elizabeth to Portsmouth. 
1206. Portsmouth to Cape Ann. 
1:208. Cape Cod Bay. 
1211. Block Island Sound. 
1214. Shinnecock Light to Fire Island Light. 
1222. Chesapeake Bay entrance. 
1229. Currituck Beach to New Inlet. 
1232. Cape Hatteras, Wimble Shoals to Ocracoke Inlet. 
1269. Lakes Pontchartrain and Maurepas. 
4109. Honolulu Harbor. 
4219. Passages between Luzon and Masbate, and Sorsogon Bay. 
4346. Harbors of Palawan Island, P. I. 
4347. Harbors of Balnbac Island, P. I. 
4416. Iloilo and Guimaras Straits. 
4454. Harbors of Burias and Tlcao Islands and Ragay Gulf, P. I. 
4714. Southwestern I,uzon and Mindoro. 
4716. Palawan Island. 
4720. Balabac Strait and approaches. 
5532. San Francisco entrance. 
5602. Point Arena to Trinidad Head. 
5971. Coquille River entrance. 
5984. Coos Bay. 
6003. Umpqua River entrance. 
6023. Siuslaw River. 
6112. Tillamook Bay, Oreg. 
6122. Nehalem River. 
6153. Columbia River from Grims Island to St. Helens. 
6154. Columbia River, St. Helens to Willamette River, including Vancouver 

and Portland. (2 new editions.) 
6380. Washington Sound. 
6400. Seacoast and interior waters of Washington, from Grays Harbor to 

Semiamoo Bay. 
6443. Port Orchard, northern part, Puget Sound. 
6448. Eyerett Harbor and approaches. 
6451. Commencement Bay and city of Tacoma, Wash. 
7002. Cape Flattery to Dixon entrance. 
8068. Custom House Cove and Mary Island anchorage. 

12783-20--3 



34 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 

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

Of the publications mentioned above issued during the fiscal year 
there are some that are important enough to justify special mention. 

One of these is an outline base map of the United States on the 
Lambert zenithal equal-area projection, scale 1: 7,500,000, dimensions 
19i by 25i inches. This map covers the whole of the United States, 
including the northern part of Mexico. Only State names and bound­
aries, principal rivers, capitals, and largest .cities are shown, the chief 
object being to furnish a base map for political, census, or statistical 
purposes on a projection in which the property of equivalence of 
area is one of the essential features. It is the first publication of a 
projection of this type by the Bureau. 

The two errors, to one or both of which all map projections are 
liable, are changes of area and distortion, as applying to portions of 
the earth's surface. The former error is perhaps best illustrated by 
the Mercator projection, in which a unit of area at the Equator is 
represented by one approximating infinity as we approach the pole, 
the projection being thus res;J?onsible for many false impressions of 
the relative size of countries differing in latitude. Likewise, the poly­
conic projection, when used f?r the whole of .the United States has 
the serious defect of exag~eratmg the areas of its eastern and western 
limits. Errors of distortion imply deviation from right shape in the 
graticules or network of meridians and parallels of the map, invol v­
ing deformation of angles, curvature of meridians, changes of scale, 
and errors of distance, bearings, or area. 

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

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

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

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

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

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

Another base map of the United States was developed during the 
year on the Lambert conformal projection on a scale of 1: 5,000,000. 
The dimensions of this map are 25 by 39 inches. 

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

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

'l'he value of this new outline map can best be realized when it is 
stated that throughout the larger and most important part of the 
United States~-that isi between latitudes 30!0 and 47! 0 -the maxi­
mum scale error is on y one-half of 1 per cent. Only in southern­
most Florida does this projection attain its maximum scale error of 
.2! per cent. This implies, however, an error in the areas at these 
extreme parts of 5 per cent. AlthougJ;i this error in area may be 
accounted for by methods already described, the zenithal projection, 
on the other hand, is free from this inconvenience. 

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

Comparison of errors of scale and errors of area in a map of the 
United States on three different projections follows: 
Maximum scale error : Per rent. 

Polyconic projection ---------------------------------------------- 7 
Lambert conformal conic projection with standard parallels of lati-

tude at 33° and 45° -------------------------------------------- 2! 
(Between latitudes 30! 0 and 47! 0 only one-half of 1 per cent.) 

Lambert zenit.hal equal-area projection--------------------'---------- 1i 
Maximum error of area: 

Polyconic________________________________________________________ 7 
Lambert conformal conic__________________________________________ 5 
Lambert zenithal------------------------------------------------- o 
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Part IL-FIELD WORK AND NEEDS OF THE FIELD 
SERVICE. 

CHAPTER I. 

ALASKA NEEDS IMMEDIATE, DEFINITE, AND ADEQUATE RELIEF. 

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

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

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

Alaska, with its miles of detailed coast line, can not be approached 
without plying the waters that nearly surround it. On the east are 
gigantic mountain ranges that may never be surmounted by railroa.ds. 
Therefore, the only means to get to Alaska's seaport towns is by 
means of ships. It thus follows that the protect10n of these vast 
water areas by the most careful surveys in locating hidden dangers is 
the essential step in the Territory's proper development. Alaska's 
waterways are her gateways and her highways of commerce, and cer­
tainly the first protection should be given these before the coast or 
interior can have its proper development. (See fig. 10.) It will be 
interesting to know, however, that in 53 years they have had to spend 
in Alaska on this work only $4,067,578, or an average annual ex­
penditure of $78,223. Appropriations in 11 years for the construc­
tion and maintenance of military and post roads, bridges, etc., for the 
interior of Alaska, have been $2,120,000, or an average annual appro­
priation of $192,778. Congress has appropriated for a Federal Gov­
ernment railroad from Seward to Fairb'anks $48,000,000. These 
figures are not given in a spfrit of criticism, but, on the other hand, 
simply to show what a small proportion the Survey has had, which 
has resulted in great retardation of work that should invariably pre­
cede development of a new country. In comparison with the amounts 
given for these other two objects it is a mere pittance. 

The Survey has had a difficult problem to contend with in this 
half century's work in Alaska. It has been sorely handicapped with 
vessels that were in almost every instance not adapted to the work 
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in Alaska and unable many times to cope with the unusual weather 
conditions of that region. Many times the officers and crews of these 
craft have had to cease operations and seek harbors of refuge from 
storms, which often put not only their lives but the vessels as well 
in actual jeopardy. 

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

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

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

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

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

MANY UNDEVELOPED HARBORS OF ALASKA. 

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

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

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

With the great demand for paper and substitutes for wooden boxes 
the country is looking to Alaska for the supply of raw materials. 
Never in the history of Alaska has there been such a centering of in­
terest on these important products that have been so scarce and in such 
demand in the past two or three years. One of the first col).ditions 
looked for by those who are interested in building paper mills or 
factories are good harbors and cheap power. Alaska abounds in 
both. . Hundreds of harbors adequate for the carrying of large 
yesse1s and conducting manufacturmg plants are in southern Alaska, 
and in close proximity to many of them is wonderful water power 
that is only waiting to be put to proper use. The anticipated de­
velopment along these lines is about to be realized, but the principal 
forerunner for encouraging this development is to safeguard the 
waterways by completed surveys. In very few instances isthis done. 
Now the demand by the public for surveys of many of these harbors 
is being made, and to prevent further delay it would require vessels, 
more men, and. sufficient money to bring about the imperative initial 
step to this very important commercial development. 

HOW LITTLE THE PRESENT CHARTS MEAN TO MARINERS. 

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

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

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

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

WHAT THE TOLL HAS BEEN IN WRECKS. 

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

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

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

WHY UNSURVEYED WATERS RETARD ALASKA'S DEVELOPMENT. 

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

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

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

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

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

COMPLETE SURVEYS NEEDED. 

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

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

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

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

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

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

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

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

MODERN VESSELS AND LAUNCHES NEEDED. 

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

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

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

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

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

The equipment for these surveys is so limited that no definite plan 
can be laid for their ultimate completion or for the issuing of charts 
that will be guides to all parts 0£ Alaskan waters. 

The making 0£ surveys and supplying 0£ reliable charts for the 
urgent needs of Alaska fa a question of the number of modern sur­
veying vessels and wire-drag launches available for the work. Poor 
equipment is uneconomical from every angle. 

IMPORTANCE OF WIRE DRAG. 

Ordinary hydrographic surveys are made with a launch or other 
vessel, which proceeds back and forth across the area to be surveyed 
until the entire area is covered by a system 0£ sounding lines, usually 
parallel. The distance between the sounding lines depends on the 
depth and nature of the bottom and the importance of the locality. 
As the boat :follows these lines the depth of water is obtained by 
means 0£ a lead and line, cast at regular intervals from the boat. 
Such surveys must be made in all regions in order that the contour 
of the bottom beneath the surface of the water may be known; and 
along the sandy portions of our coasts surveys by this method may 
be sufficient. · 

This is decidedly not the case, however, in regions where there are 
obstructions of small area, such as pinnacle rocks, bowlders, and sharp, 
rocky ledges, for it is only by chance that they can be found by an 
ordinary· hydrographic survey. It is difficult to explain just how 
elusive these dangers are when sought with the hand lead. Let us 
consider, as an analogy, a balloon dri£ting slowly over a town. 
Imagine the difficulty of throwing a wei()'ht attached. to a line and 
hitting the tip 0£ a church spire or the gab~e of a.house as the balloon 
passes over them, and remember that the hydrographer not only can 
not see the obstruction beneath the surface, but does not even know 
that it exists. 

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

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

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

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

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

FIRST SURVEYS OF INTERIOR ALASKA NEEDED. 

Oharacter of the work needed.-It would be a mistake to leave the 
subject of water surveys in Alaska without calling attention to the 
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by the wire drag ;only 17feet of water .covers this pinnacle. 
The Washington Monument we know so well is 555 feet in height. 
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great need for establishing monuments (survey control points) 
throughout the Territory and determining their latitude, longitude, 
.and elevation. 

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

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

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

(b) To join these various detached bits of triangulation and to 
connect the whole of Alaska to the- surveys o:f the remainder of the 
continent in its proper geographic relation, observations have been 
begun with the cooperation of the Canadian Government on a strong 
chain of triangulation to reach from the vicinity of Seattle, througli 
southeast Alaska to the upper portion of the Yukon River where 
it crosses the Alaskan boundary. From that point lines of trian~ula­
tion will extend through Alaska, over routes indicated in a later 
paragraph. ·· 

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

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

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

With the longitude and latitude known for each of a number o:f 
triangulation stations and the elevations available for bench marks1 
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we have what may be considered a framework upon which detailed 
surveys can be made. If the area is local and can never be connected 
by triangulation with any other (such, for instance, as an oceanic 
island), then extensive primary triangulation and precise leveling 
are not necessary; but in an area the size of Alaska each locality that 
is the scene of present industry and commerce will undoubtedly 
be connected by surveys and maps with other localities. If we do 
not have such a framework, as mentioned above, there will be serious 
discrepancies when two local surveys or maps are joined. There will 
be offsets, gaps, or overlaps which will be sources of trouble until the 
whole work has been properly adjusted to the strong control work 
that must be done to make the local surveys fit into each other. 

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

Surveying is now being done in the interior of Alaska by several 
organizations of the Government, especially the United States Geo­
logical Survey, the General Land Office, and the Forest Service. 
There are, of course, mineral surveys made also. These organiza­
tions are now operating without pr1mary control points, and there 
is no way of telling just where those local maps and surveys are 
located, except those that are made near the coast. An approximate , 
position of a survey may be obtained by astronomic observations, but 
the latitude and longitude of such a survey may be in error by as much 
as one-fourth or one-half mile, due to the local attractions of the 
mountain masses on the plumb line, to which all astronomical ob­
servations are referred. 

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

A system of triangulation along the Yukon River, especially the uppar portion 
from Tanana to Eagle, will, no doubt, be of value to us in the near future. We 
have now pending 50, or more, isolated surveys scattered over this district, and 
others will follow. With triangulation we could adjust these surveys to the 
rectangular net and lay a foundation for a uniform system with less possibility 
of confusion than to dot the country with innumerable isolated surveys. 

WHERE CONTROL SURVEYS SHOULD BE MADE. 

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

There is immediate need for a system of primary . triangulation 
down the Yukon River, from its crossing at the one hundred and 
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forty-first meridian to the mouth, or at least to St. Michael. A line 
of precise levels should follow along this same route. Another line 
of precise levels and an arc of triangulation should be carried up 
the Copper River :from its mouth and on to Fairbanks. A spur 
should be carried from this system to the one hundred and forty-first 
meridian at a point about 70 miles north of Mount St. Elias.' An­
other route which should be followed by primary triangulation and 
precise leveling is along the Alaska Railway, from the head of Cook 
Inlet northward. The other important work should be done along 
the Kuskokwim River, from its mouth to the Yukon, with a spur 
line running (lastward along the Odgovigamut River. A small piece 
of work should be done between Cook Inlet and Bristol Bay. Here 
only triangulation is needed. 

The work mentioned above would, it seems, meet all the immediate 
needs for primary geodetic work in Alaska. It is needed for the 
interior as well as to strenathen the coast triangulation, which is 
used to control the sailing ctarts. The work outlined is, of course, 
not all that is needed, hut additional work can be done and· planned 
as occasion demands. 

ALASKA 's IMMEDIATE NEEDS. 

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

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

ALASKA'S FUTURE. 

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

The question is often asked," Why don't vessels hit all these hidden 
rocks~" The answer is, give them time and they will. 

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

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

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

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

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

FIBLD STATION AND BOATHOUSE AT KETCHIKAN, ALASKA. 

Since 1898 practically the entire facilities of the Coast and Geo­
detic Survey on the Pacific coast of the United States have been 
employed in Alaska in an effort to keep pace with the growing com­
merce carried on with its coast ports. During the period from 1907 
to 1915 three of the Survey's vessels were employed in southeast 
Alaska in an effort to obtain,. by means of adequate surveys, accurate 



REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 49 

charts to assist in the commercial development of the country. 
To assist in this work, launches were employed for the development 
of shoal areas and ledges and to search out intricate areas where the 
larger vessels could not be maneuvered. A small boathouse on the 
naval reservation at Sitka was used to house these launches during 
the winter seasons, and the naval station at that place was used as 
the base station for surveying opertions up until 1907, when it be­
came necessary to reniove the launch equipment to a place more acces­
.sible to the working grounds in southeast Alaska. Ketchikan was 
selected for this purpose and a boathouse constructed at Metlakatla 
for housing the launches and storing such of the equipment as it 
was found advisable to leave in Alaska. 

In 1914 wire-drag work was begun in southeast Alaska~ and from 
1915. to the entering of the United States into the World War two 
parties were employed. The launches used upon the work were 
chartered makeshifts remodeled to serve as best they could and We're 
returned to the owners at the end of the season. At the termination 
of the war relief came in a;neasure to this very unsatisfactory way 
of procuring equipment. The Navy supplied the Survey with a 
number of large launches which were made suitable after alteration 
for assisting in the wire-drag work. 
· The additional eguipment made it possible to resume survey work 
with increased activity in southeast Alaska, and the necessity for 
providing suitable space for housing the equipment at the most ad­
vantageous point now presents itself. There are to-day four large 
steam launches and six large motor launches which will remain m 
Alaska during the winters, as it is not practicable to tow them or run 
them south when the approach of winter weather makes it no longer 
economical to attempt wire-drag and other survey work. To these 
will be added during the coming year three gas launches which are 
now stored in Seattle. The repairs incident to the upkeep of this 
equipment, together with repairs to the wire-drag apparatus, can 
only be accomplished after the close of the surveying season and must 
of necessity be completed before the opening of the season in the 
early spring. · 

There should be the most serious thought given to the care of 
this assembled equipment, it$ upkeep, and its apportionment to 
parties given the task of sweeping the channels with the wire drag 
and extending the surveys to meet the need of commerce. With this 
in mind and the paramount importance of selecting a site suitable for 
a base, authorization will be sought for the constTuction of suitable 
boathouses, ways for hauling out, and a wharf that can be used by 
the larger vessels for storing coal and supplies needed in the field of 
O_Peration. If authorization can be secured all plans and specifica­
t10ns will be prepared, bids obtained, and the construction begun at 
once. 

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

ways, and storing facilities for 13 launches ________________________ $15, 000 
Wharf with 2,000 square feeL-------------------------------------- 5, 000 
Watchman's dwelling---------------------------------------------- 2, 500 

Total-------------------------------------------------------- 22,500 
12783-20--4 
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The rapid development of Alaska along commercial lines is well 
illustrated by the request for surveys and for information pertain­
ing to areas where newly selected sites for proposed industries have 
been chosen. There are, especially in southeast Alaska, some of 
the finest water-power sites on the Pacific coast, which have at­
tracted the attention of capital with a view to establishing pulp 
mills and other industries. The water approach to these sites must 
of necessity be surveyed, dragged, and the dangers charted. The 
most important of Alaskan· water-power projects at this time, and 
one which has been developed to a considerable extent, is located 
at Port Snettisham. It is located in the midst of a well-timbered 
section and surrounded by other valuable material resources easily 
accessible. An urgent request for a more complete survey of the 
approaches to this important site has been received through one 
of the survey parties now operating in its vicinity. · 

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

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

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

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



CHAPTER II. 

WHAT IS NEEDED TO BETTER ACCOMPLISH THE FIELD WORK. 

MODERN SURVEYING VESSELS NEEDED. 

For the past five years I have reiterated in my annual reports the 
urgent need of the Bureau for better vessels to carry on its hydro­
graphic surveys. Each year I have repeatedly pointed out the false 
economy of trying to accomplish surveys with the fleet of old vessels 
that is now the property of the Bureau. Some of these that have 
been in the service for years are now actually unseaworthy and 
can only be used under the most favorable conditions; yet the cost 
of operation of each of these old vessels in personnel, fuel, etc., is 
no less than would be the c6st of operation of efficient vessels, yet 
the limitations on the purposes for which these old vessels may be 
used on account of their unseaworthiness are such that an enormous 
amount of time is lost and the cost per unit of accomplishment is 
excessive, but with no other means at my disposal for making the 
surveys called for I have no other alternative but to continue the 
work, excessive as the costs are. 

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

During the Great War nearly all the vessels of this service were 
transferred to the Navy and were used for military purposes. For 
this reason, and because most of the officers also were on military 
duty, very little surveying was performed by this Bureau during 
that time, and as a result there is a two years' accumulation of work 
which, together with the normal annual work, can not be accom­
plished with the present fleet. With the cessation of hostilities the 
Navy was in possession of a considerable fleet of auxiliary vessels, 
which had served its purpose as war craft and was available for 
transfer whenever required elsewhere in the Government service. 
It was realized that very few, if any, of these vessels were suitable 
for surveying. but because no other vessels were available I accepted 
some of them; regarding them as makeshifts until more .suitable ves­
sels could be provided, but hoping that from the lot I could obtain 
a few that would serve the purpose of this Bureau in a measure for 
several years. 

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

51 
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mer to resume surveying operations. The first season's work with 
these ex-Navy vessels showed conclusively that, with one or two ex­
ceptions, they were absolutely unsuitable for the work; that the unit 
cost o:f work performed with such vessels was abnormally high; and 
that much o:f the most urgently needed work could not be done at all 
with them. 0£ the seven vessels received from the Navy two were 
turned back before any surveying work had been done, as the cost 
o:f putting them in operating condition would be out o:f proportion 
to their original cost or present value. One more vessel will be 
turned back this winter for the reason that her condition is such 
that the cost o:f putting her in seaworthy condition would not be 
justified by the amount o:f surveying work that could be accom­
:plished with her annually. The other vessels will do £airly well :for 
:a :few years, but will always be inefficient. 

In the year 1914 the Coast and Geodetic Survey operated 16 sur­
veying vessels, 4: o:f which were the property o:f the Philippine gov­
ernment, and the balance were owned by this Bureau. Five o:f 
these vessels were over 30 years old at that time, and only 6 o:f them 
'(3 United States vessels and 3 Philippine vessels) were under 15 
years of age. Two of the vessels were built in 1859 and 1862, respec­
tively. Prior to 1914 the Coast and Geodetic Survey had not acquired 
a new vessel since 1904. 

In 1915 one 0£ the oldest vessels was condemned as unseaworthy 
and an appropriation of $289,000 was made for the purchase or con­
struction o:f two surveying vessels. As this amount was too small 
to permit the construction o:f two new vessels, it was necessary to 
purchase the best possible vessel at the smallest cost so as to leave suf­
ficient :funds :for the constrpction o:f one vessel. The Bureau was 
particularly :fortunate in securing a fair yacht at a cost o:f $60,000, 
and thus was able to enter into contract :for the construction o:f a 
modern surveying vessel, which ultimately cost $236,000. As the 
surveying vessel was not completed until 191'7, the net gain in the 
number o:f ships that year was naught. 

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

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

In 1919 seven vessels were obtained :from the Navy,. but during 
1918 and 1919 seven vessels were disposed o:f, so that there was no 
change in the number in the fleet over 1917. 0£ these seven vessels, 
two were Navy vessels returned because they could not be used in 
survey work, three old vessels were condemned and sold (one o:f them 
the vessel built in 1859), one vessel (the property of the Philippine 
government) withdrawn :from survey operations, and one vessel 
wrecked. , 

It will, th1.1re:fore, be seen that at the present time the number of 
vessels available :for use of this Bureau is one less than the number 
available in 1914. Furthermore, as stated above, a third naval vessel 
must be disposed o:f this year, as she is no longer fit for survey oper­
ations, thus reducing the fleet to two less than the fleet o:f 1914. 
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This fleet is, of course, superior to the 1914 fleet, as the oldest vessels 
have been weeded out and replaced by newer craft; but, on the whole, 
these ships, with the exception of the one new vessel constructed in 
1915 and 1916 and one vessel obtained from the Navy, are not very 
much more efficient than were the old vessels. Furthermore, we have 
now 14 vessels to do a vastly greater amount of surveying than was 
required in 1914 from 16 vessels. If we assume that these 14 vessels. 
can do as much work as the 16 vessels of .the 1914 fleet, and it is not 
at all certain that they can do this, it is evident that there will be. 
no advancement in surveying operations. We shall steadily drop• 
behind in this work, each·year the charts will become more and more! 
out of date, and I shall have to continue to tell the public that we: 
can. not assist in opening up new steamship routes as rapidly as 
commerce demands. 

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

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

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

ECONOMY IN GOVERNMENT-OWNED WIRE-DRAG LAUNCHES. 

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

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

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

With this efficiency and economy evidenced by their use during the 
summer of 1919

1 
it is apparent that the addition of at least four new 

launches to the tour already provided is warranted. 
The new specially-designed launches permit the installation of 

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

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

At pres~nt the steamer fi:'xplorer1 acting as ~ mother ship for. these 
launches, '1s now. engaged m draggmg the mam channel route m the 
vicinity of Juneau, Alaska, the vessel itself being used as the guiding 
lmmch which tows one end of the drag, determines its progress 
th:r.ough the water, and carries the heavy power reels for winding 
in the drag when it is taken up and the semaphore for signaling to 
the smaller launches which are in attendance. One of the launches 
tows the other end of the drag. 

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

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

In my estimates for 1921 I have entered an item for the same 
number of launches as estimated for in 1920, viz, four 60-foot wire­
drag launches and two 30-foot wire-drag tenders. These launches 
are needed for wire-drag work in Porto Rico and the Virgin Islands 
and Alaskan waters. The number estimated for is just sufficient to 
equip two drag parties and, if supplied, will permit in the coming 
year the operation of two parties on the Atlantic coast, one in Porto 
Rico and Virgin Islands, and two wire-drag parties in southeastern 
Alaska. The Navy has urged for several years that the waters of 
Porto Rico and Virgin Islands be drag()'ed to insure safety to the 
fleet during the winter maneuvering in those ·waters and to provide 
a safe place for a rendezvous. As for Alaska, the need for com­
pleting the drag wo,rk is urgent. The present launch equipment (the 
launches supplied by the Navy) provides for but one wire-drag 
party, while heretofore two parties with chartered launches have 
been in operation during the working season in southeastern Alasirn. 

INCREASED APPROPRIATIONS FOR CONTINUING GEODETIC OPERATIONS. 

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

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

The Board of Surveys and Maps since its organization in J anu­
ary, 1920, has had a number of meetings, and it has adopted, as its 
general opinion, the plan that the control surveys o:f the country, as 
:far as the :fundamental geograEhic positions and elevations are con­
cerned, should be made by the Coast and Geodetic Survey. 

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

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

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

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

Until the organization of the Board of Surveys and Maps the 
Coast and Geodetic Survey was following the plan which would 
provide eventually a precise-level bench mark and a precise triangu­
lation or traverse station within about 50 miles of each point in the 
interior of the country. In order that this might be done, it would 
need 30,000 mifos of precise triangulation and traverse, at a cost of 
approximately $1,275,000. The total cost of the vertical and hori­
zontal control necessary to supplement existing work on that plan 
would be approximately $1,725,000. 

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

The result of the meetings and deliberations of the Board of Sur­
veys and Maps has modified very ~reatly the simple plan outlined 
above for the control work of the Coast and Geodetic Survey. The 
board is of the opinion that very much more precise vertical and 
horizontal work should be done and also that the control be carried 
on at such a rate that there will be, in the near future, a pre'Cise or _ 
secondary elevation and geographic position within every 30-minute 
qu_adrangle of the country. 'Vhen the control h~s been carried on ~o 
this extent, we shall have final values for elevations and ~~o~raph1c 
positions within the area of each quadrang-le sheet of the U. ~. Geo­
logical Survey and near each town a:nd c~ty of the country. Prac­
tically all county and State boundaries will have fundamental geo­
graphic positions established near them. There will not be the neces­
sity in the future of shifting the geographic positions on a map 
based on this control or of changing the scale of the map in order 
to make it consistent with some other maps, or of placing an equa­
tion on the map to show the error of the datum on which the eleva­
tions and contours are based. The final positions furnished would be 
on what is called the North American datum and the elevations on 
mean sea-level datum. . 

The amount of precise or secondary leveling in the intermediate 
areas of the main network will be about 87,000 miles, which will 
cost approximately $1,040,000. The amount of precise or secondary 
triangulation and traverse necessary to furnish the fundamental 
control in the intermediate areas of the general scheme is about 
59,000 miles, which will cost approximately $2,940,000. 

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



CHAPTER III. 

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

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

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

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

HYDROORAPHY. 

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

Recoived by- Disposed of by-
Operated -----,-----l-------

by 
Survey 
at·be­
'nnln 

Name of vessel. 

fr11sca~ 
year. 

Transfer 
from 

Navy. 

Loan 
from 

Philip-
pine 

govern­
ment. 

Return 
to Navy. Sale. 

--------------------------------
Arcturus1_.......................................... 1 .......... .......... 1 ........ .. 
Bache............................................... 1 ...................................... .. 
Cosmos.............................................. 1 ....................................... . 

~~s;g:-:~r;:::::::::::::::::::::::::::::::::::::::::: i: ....................................... . 

~;~z}~~~~~~~~~~~~:~~:~:::::::~:::~::::::::::~~ :::::::t :::::::\ ~~~~~~\~ iiiiii·iiii ;;;;;;;;·;~ 
Natoma 1,,.......................................... l , .......... ...... : ... .................. .. 

~~ilii1:d:ir:::::::::::::::::::::::::::::::::::::::::: i :::::::::: :::::::::: :::::::::: :::::::::: 

~~Yii?\iiiiiiif iii::iiiEiiiiiiiiiiiiiiiiiii i liiiiiii~ii iiiiEii iiii!iE ~~~~~~i) 
Yukon.............................................. 1 1 

...................................... .. 

Total. ........................................ . 2 

1 Converted yachts receiv.ed by transfer from the Navy for surveying. 
• Owned by Philippine government and loaned to Coast and Geodetic Survey for surveying in Philippine 

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

Owned and operated or operated by the Coast and Geodetic Survey at be-
ginning of year------------------------------------------------------ 1e 

Received by transfer from NavY---------------------------------------- 1 
Received by loan from Philippine governmenL------------.--------------- 1 

TotaL------------------·----------------------------------------- 18 
Sold during year--------------------------------------------------- 2 
Returned to Navy during year-------------------------------------- 1 

3 

Total vessels at disposal of the Su~vey at end of fiscal year 192Q_____ 15 

58 
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The following is a brief statement of the assignments of the vessels 
at the disposal of the Coast and Geodetic Survey within the fiscal 
yMr: · 

. "Arcturus."-This vessel was outfitting in New York the first half 
of July and proceeded to Norfolk, Va., the 16th of that month. Her 
condition not having proven satisfactory, her personnel and equip­
ment were transferred to the Lydonia. She was then laid up, and on 
January 15 returned to the Navy. 

"B'Zche."-This vessel was outfitting at Norfolk at the opening of 
the fiscal year. During the months of August, September, October, 
and np to November 21 she was engaged on hydrographic surveys at 
the entrance of Chesapeake Bay. She was outfitting from November 
21 to December 23, when she proceeded to Pensacola Bay and after a 
brief stop continued to the mouth of the Mississippi River and was 
engaged in a hydrographic examination of the approach to the en­
trance. This was completed and she returned to Pensacola January 
27. She then cooperated with the Ranger in the offshore su·rveys of 
the Gulf from Pensacola to the westward. She continued in this 
work until May 5, when she proceeded to Norfolk and was under­
goin(J' repairs from May 14 to June 16. 

"Oosmos."-This small steamer is used as an auxiliary for one of 
the larger surveying vessels during the Alaska season. This year she 
was assigned to the Lydonia and was taken out of storage the latter 
part of May and overhauled for the approaching season's work. 

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

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

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

"Pathfinder."-This vessel operated in Philippine waters through­
out the entire year. 

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

"Ranger."-This steamer, having completed repairs and outfitting, 
proceeded the latter part of July for Mobile, Ala., where she arrived 
on August 2. She continued on hydrographic surveys of the Gulf 
coast from that date to the close of the fiscal year. 
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"Romblom."-This vessel was employed in making surveys 0£ the 
Philippine wafers throughout the fiscal year. 

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

"Surveyor."-'Ihis vessel was being repaired and outfitted July 1, 
1919. These were completed July 9, when she left Seattle, Wash., for 
Shelikof Strait, Alaska. She was engaged in combined operations 
in this part of Alaska until her return to Seattle November 4. She 
was being overhauled and repaired from November 5 to March 26, 
when she returned to Shelikof Strait for work in Alaska for the 
.Temai11der of the fiscal year. 

"Wenonah."-On July 1the1Venonah was en route from Norfolk, 
Va., to her working ground on the California coast. She arrived at 
San Diego July 17, San Francisco July 31. After some necegsary 
repairs and outfitting at the latter place she proceeded to her working 
grounds in the vicinity of Cape Mendocino, Calif., where she arrived 
August 28. From this time onward until December 17 she was en­
gaged in hydrographic work. She was then engaged in being re­
paired and outfitted both at San Francisco and Seattle until June 20, 
when she proceeded to her working grounds in southeast Alaska. . 

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

"Fathomer."-This vessel operated in Philippine waters and was 
in commission the entire year. · 

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

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

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

Light vessel. State .. 

Blunts Reef....................... . . . . .. .. . . . . . • . • . . . . . • . • . . . . . . California ............ .. 
Brunswick ..................................................... Georgia .............. . 
Columbia River.. . .. .. . .. .. . . . • . .. .. . . • . . . .. . .. . .. .. . . .. . .. . .. . Oregon ........... _ .. .. 
Diamond Shoal. ...............•.•........•.•............•...... North Carolina .•...... 

~Va~~:u~~~-~~~~~::.::::::: :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ·n0i~i-0:::::::::::::: 
Pollock Rip Slue............................................... Massachusetts ....... .. 
San Francisco .................................................. California._ ........... . 

~'i!~Nf:'Roor:::::::::::::::::::::::::::::::::::::::::::::::::: ~~f~~~~::::::::::: 
Winter Quarter Shoal. . .. .. .. . . . . . . . . .. .. .. .. . .. .. . .. .. . • .. .. .. Virginia. .............. . 
Brenton Reef ....... '............................................ Rhode Island ....... .. 
Cape Lookout Shoal...................................... . . . . . . North Carolina. ...•.••. 
Heald Bank .................................................... Texas ............... .. 
Portland ...........•.......•...•...•........... :................ Maine ......•.•...•.•.. 
Nantucket Shoal............................................... Massachusetts ....•.•.. 
Northeast End ................................................. New Jersey .......... . 
Stone Horse Shoal........ . . .. .. . .. . . . . . . . . . .. . . .. . • . . . . . • . . . . . . Massachusetts ........ . 
Tail of the Horse Shoo.......................................... Virgina .............. . 

Time 
Station. em­

ployed. 

Y.m.d. 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 0 
1 4 0 
1 3 0 
1 7 0 
1 4 0 
1 8 17 
1 4 0 
1 3 0 
1 4 0 

Tota.I ............................................................................. --19-li4il7 

Short series of current observations were made at the following 
localiti~s : 

Locality. Sta· T!:~ 
tions. ployed. 

4 
1 
1 
6 
3 
3 
1 

22 
19 
23 
2 

M.d. 
19 
3 

1 16 
15 

1~ 
2 

1 11 
3 23 
1 16 

18 

Tota.I. ...... , ....... · ... ···· .. ·····················•···•·•·····•·············••··• ---ss1-uo 

Tidal observations, principal stations.-Automatic tide gauges were 
in operation throughout the year at the following stations : 
1. Portland, Me. 8. Cf)dar .Keys, Flu. 
2. ll'ort Hamilton, N. Y. 9. Gulve·ston, Tex. 
3. Atlantic City, N. J. 10. San Diego, Calif. 
4. Philadelphia, Pa. 11. Sau Francisco, Calif. 
5. Baltimore, l\Id. 12. Seattle, Wash. 
6. Fernandina, Flu. 13. Ketchikan, Alaska. 
7. Key West, Fla. 14. Kodiak, Alaska. 
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Tidal observations, secondary stations.-TidaI observations were 
made at the following stations during a part of the year : 

1. Cape Porpoise, Me. 24. Morro, Calif. 
· 2. Nahant, Mass. 25. Lake Washington, boathouse wharf. 

3. Block Island, R. I. 26. Lake Washington, Leschi Park. 
4. Point Judith, R. I. 27. Unga, Baroloff Bay, Alaska. 
5. New York City, Bergen Point. 
6. New York City, West Forty-second 

Street. 
7. New York City, New Brighton. 
8. New York City, Pier A. 
9. New York City, Spuyten Duyvil. 

lO. Breakwater Harbor, Del. 
11. Assateague, Va. 
12. Craney Island, Va. 
13. Fishermans Island, Va. 
14. Mile Watch Harbor, Va. 
15. Nansemond River Light, Va. 
16. Old Point Comfort, Va. 
17. Pine Beach Ferry. Va. 
18. Oriental, N. C. 
19. Sapelo Lighthouse, Ga. 
20. Pensacola, Fla. 

28. Aborlan, P. I. 
29. Arrecite Island, P. I. 
30. Babuyan, P. I. 
31. Balaba<', P. I. 
32. Binanga Bay, P. I. 
33. Brooke Point, P. I. 
34. Calandorang, P. I. 
35. Cana Island, p, I. 
36. Green Island, P. I. 
37. Island Bay, P. I. 
38. Jamelo Cove, P. I. 
39. Makesiisland, P. I. 
40. Mantaquin Bay, P. I. 
41. Mariveles, I'. I. 

. 42. Naranjos Island. 
43. Panacon, P. I. 
44, Puerto Princessa, .P. I. 

21. Saddle Bunch Harbor, Fla. 45. San Bernandina Island, P. I. 
22. Eureka, Calif. 46. Village Rocks, P. L 
23. Humboldt Bay, North Jetty, Calif. 

GEODESY. 

TRIANGULATION. 

Length of Area 
scheme. covered. 

Miles. Sq.miles.1 
120 1,900 
225 12,300 
125 7,80() 
85 4,60() 
40 600 
45 375 

105 4,000 

Primary: 
Oklahom~ vic!ni~ of Hartford to McAlester ................................... . 

1:~i~~:; vi~~iror ~~elli~.":::: ::: : : : : : : : : : : : :: : : :: : : : : : : : : : : : : : : : : : : : : : : : : : :: 
New Mexic_oJ Albuquerque westward .......................................... . 
California, .Medcan connection ................................................ · · 
California, California-Oregon arc ............................................... . 
Utah,forestareas .............................................................. . 

Total ........................................................................ . 745 32, 175 
===•!===== Tertiary: 

NorthCarolina,NeuseRiver.................................................... 15 65 
California, Humboldt and Morro Bays.......................................... 50 125 
Cal!forni!_11 San Francisco Bay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 140 
Oregon, umquaRiver ... ·....................................................... 6 .6 

N:~tfg~~:. ~~~ -~-~~~~~~'. -~~~-~ .1:1.~l-~~~~'.. ~-~t-~~~!. -~~-~~~'. -~~~-~ :-:.a.:.~~~'.~. 15 ~ 
Georgia, vicinity of Sapelo Lighthouse.......................................... 9 18 
Washington, Lake Washington................................................. 20 30 
Florida, Key West and Miami.................................................. 20 110 
Alaska, Frederick Sound and Stephens Passage................................. 45 325 
Alaska, Shelikof Straits and Cape Iktu northeastward........................... 98 1, 520 
Virgin Islands. . .. . .. . .. . .. . . .. . . .. . . .. . .. . . .. • • .. .. .. . . .. . . .. .. .. .. . .. . .. . . .. .. 17 55 ----1----

Total.. ................................................................ ...••.. 30i 2,414 

Primary traverse: 
Indiana, North Vernon-Tipton................................................. 100 
Louisiana, Mausfield-N aples. . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 ----1----

Total......................................................................... 250 

Reconnoissance: 

~~;g~~~~:w~~et. s<>iiiid.·::::::: :: : :: : : : : : : : :: : : : : : : : : :: : : : : : : : : : : :: : : : : : : : : : : : 
Indiana (primary traverse), North Vernon-Tipton ............................. . 

400 
100 
115 

26,000 
500 

1----1----
Total ......................................................................... ~~ 
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TRIANGULATION-Continued. 

SUM.MARY. 

-Primary triangulation .............................................................. . 
Tertiary triangulation ....•.......••..•..••..•••...•..•..••........•..•.••..•.....•.• 

Length of Areas 
scheme. covered. 

Miles. Sq.miles. 
745 32, 175 
307 2,414 

Total.......................................................................... 1,052 3489,5 

Reconnoissance ....•....•..•..••.••.•...•....•...••..•.••.•.....•.....•.••..•..•.... 
Primary traverse .......••..••.....•..•.••..•.....•..•..••••..•.••.....••..•....••... 

615 .••..•..•• 
250 ......... . 

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

Miles. 
Rouses Point to Williamson, N. y ____________________ :________________ 324 
Black Rock to Williamson, N. Y ------------------------------------ 132 
Kirk, Oreg., to Roseville, Calif---------------------------------------- 380 
San Jose to Santa Ana, Cal!L________________________________________ 491 
Hillsboro, Tex., to Naples, La----------------------------------------- 444 
Klamath Falls toward Ontario, Oreg__________________________________ 55 
Weed, Calif., to Portland, Oreg_______________________________________ 420 

Total---------------------------------------------------------- 2,246 
An interesting development in long-distance leveling is worthy of 

note. Althou~h the type of geodetic level now used by this Survey 
was adopted m 1900, there had been no occasion to use other than 
ordinary lengths of sights in the extension of the precise-level lines 
until a connection was required between the bench marks on the op­
posite banks of the Mississippi River in the vicinity of New Orleans, 
La. In making this connection a method to which the instrument is 
peculiarly adapted was substituted for the usual method of waving a 
target into the horizontal line of sight. 

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

The ~eneral scheme of this method of observing is that simultane­
ous reciprocal observations are made at each of the points on op:po­
site sides of the river. Instead of waving a single target into the lme 
of sight, when the bubble is in the middle of the tube, two stationary 
targets are set on each rod, one above and the other below the line 
of sight. By reading the micrometer head with the middle wire on 
the top target, with the telescope level, and with the middle wire on 
the bottom target, respectively, the reading on the rod at the point of 
inersection of the line of sight, when the telescope is level, can be 
determined, as the distances from this point to the two targets will 
be proportional to the corresponding d1ff erences in the readings on 
the micrometer head. 
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At the point selected for the crossing, the Mississippi River is 
about 1,200 meters wide. Observations were made on November 18 
and 19, 1919. Four sets 0£ readings were taken each day, making a 
total 0£ eight determinations 0£ the difference in elevation for the 
two days. The probable error 0£ the mean 0£ the eight determina­
tions was -+- 0.89 millimeter. 

Magnetic obse'l'vations.-In the continuation 0£ the magnetic sur­
vey 0£ the United States observations were made during the year at 79 
stations in 22 States, 0£ which 24 were new primary stations, 11 auxil­
iary stations, 42 repeat stations for the determination 0£ secular 
change, and 2 new stations in old localities. Meridian lines were 
established when they were requested py the local authorities. 

The ,observatories at Cheltenham, Md., Vieques, P. R.; Tucson, 
Ariz.; Sitka, Alaska; and near Honolulu, Hawaii, were in operation 
throughout the year. A continuous photographic record was secured 
0£ the variations 0£ declination, horizontal intensity, and vertical 
intensity. Absolute observations were made at least once a week. A 
seismograph was in continuous operation at each observatory. 
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CHAPTER IV. 

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

HYDROGRAPHIC SURVEYS. 

In the present and. I?reviou.s annual rel?orts there are :printed dia­
~rams of the "Cond1t10n of field· operat10ns." These diagrams are 
mtended to show in a graphic manner where our surveys are at pres­
ent adequate, or where surveys are needed and of the type of survey 
required to make our charts up to date and thoroughly reliable for 
sa£e navigation. There have also been printed two special publica­
tions, " The Neglected ~Taters of the Pacific Coast," and " Safeguard 
the Gateways of Alaska," which were written to call attention to the 
uruent need for surveys along these coasts. 

it is thought it would be helpful to a clearer idea of the Survey's 
problem in charting the waters of the United States and its posses­
sions if, in addition to these publications, several of the areas where 
surveys are now in progress should be described and the reasons given 
for making the surveys. · 
. For pµ:rp9se~ of description it is convenient to arrange our hydro­

graphic .s~rveysi~¥> ~v:e types .. One of each type is described below. 
1. Original BU?'Veys;./·A,reas hitherto unsurveyed or at best covered 

~by surveys of an exploratory ch~racter . 
. It is not necessary to go as far afield as Alaska or the Philippine 

·:f~il!di''to find an area requitina·, an original survey. Such an area 
is to be found a1on0' the coast·of Bregon, extending from Cape Blanco 
northward to nea~ Cape Lookout. The accompanying illustration 
(see fig. '15 opposite p. 64), which is a reproduction of a section 
of one of the Oregon coast charts, shows plainly, by the almost entire 
absence of soundings in the water. area, how little is known of the 
depth along this stretch of coast. It is in the same class with some 
of the rarely visited portions of Arctic Alaska. But, unlike the lat­
ter, these waters of unknown depth which intervene between San 
Francisco on the south and Portland and Seattle on the north are 
traversed by a fleet of vessels bearing a large fraction of the com-
merce 9f the world. . · 
. The Coast Pilot states that their navigation presents to the navi­

gator a problem of unusual difficulty. The courses must be traversed 
d1,1ring frequent periods of thick weather, with the vessel subject to 
the action of currents whose velocity and even direction are uncertain. 
Und~r these conditions it is obvious that there is only one method. of 
safe navigatiJ:>n; that is, by means of the lead. But this method can 
only be efficiently employed when the depths are adequately shown, 
a condition notably absent on existing charts. ' . 

2. Off shore surve'ljs are like inshore surveys in that the object of 
both is to furnish the navigator with information of the depth and 
configuration of the bottom by which he can lay a safe course and 

12788~2\).'---{) 65 
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verify his position .from soundings. They differ with respect to the 
amount of information required. In shoal inshore waters, where the . 
dangers approach the surface, the surveys are more elaborate, and 
many more soundings are taken than in deeper water offshore beyond 
such dangers. The surveying methods and apparatus also differ. 

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

Offshore, beyond the visible range of such objects, well-defined 
mountain peaks can be used on a mountainous coast like that of the 
Pacific. But on a low coast, like that of the Atlantic and Gulf, 
where all land features have sunk. below the horizon l<:mg before the 
outer limit of the offshore survey is reached, the location of the 
vessel and soundings must depend on carefully recorded speed and 
compass direction, with an allowance for currents and wind.pressure. 
This method is termed by navigators "dead reckoning." In survey­
ing Rractice the uncertainties which exist in the use of this method 

·in ordinary navigation have been reduced by stoppj.ng at intervals to 
observe currents and wind pressure and by starting from and return­
ing to well-fixed positions. 

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

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

The results already obtained are of unusual interest and afford ·a 
striking demonstration of the value of this class of surveys. This 
will appear by ref erring to pages 13 and 14 of " The Neglected 
Waters of the Pacific Coast," where there will be found the episode of 
the wreck of the Bear. During the past season the uncharted sub~­
marine valley, which was a large factor in causing this wreck, was 
located, and being charted now becomes an· aid to navigation rathe~ 
than a menace. . · 

Offshore surveys in the Atlantic and Gulf coast will not develop 
the bold and striking features characteristic of the Pacific. In con· 
sequence of its more advanced geologic age the coast of the Atlantic 



U.S. Coast and Geodetic Survey 

RECENTLY 
CHARTED SUBMARINE VALLEY 

SURVEYED OCTOBER 1919 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

CJ) \ 

PA C/FIC filOCEAN\ 
3 \ 
~ \ 
""\ \ 

~ 
Q. 

Blunts ~Reef 
...U,,Lr.Ship 

Submarine Valleys, Pacific Coast - their relation to Nav!!Jation. 

\ 
\ 
\ 
\ 
\ 

16 

..... 

~ 

Q: 

0 

"'-. 

-
....J 

<( 

(.) 

C. & G. S. Prin'f. 



REPORT OF DIBECTOR, COAST AND GEODETIC SURVEY. 67 

and the Gulf is bordered by a broad margin of shoal water. In the 
process of building up this submerged plateau the tendency has been 
to fill up the depressions and in general smooth out the inequalities 
of the bottom. . A notable exception to this rule is the submerged 
valley of the Hudson, which can be plainly recognized on the charts 
extending seaward froqi near the harbor entrance. The less striking 
features are equally important, however, and serve as well to identify 
a particular locality in a water area. 

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

The fourth type is an inshore survey where changes have occurred 
since the last. survey and to such an extent that the chart no longer 
rep_£esents existing conditions. · 

Work now in progress from Port Royal Sound to Charleston, S. C., 
is an example of this type. · 

This stretch of coast is low and sandy and includes the two large 
unimp~9,v~d entrances, Port Royal Sound and St. Helena Sound. In 
addition: to ~he.se,.a number of inlets and streams emptying into the 
open ocean mcrease the irregular and broken character of the .shore 
line. Each entrance has;~tsp:wn complex system of sand shoals, com­
wencing inside the general trend of the shore line and spreading 

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

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

WIRE-DRAG SURVEYS. 

In the four preceding types of surveys the depths in shoal water 
are determined by the lead line cast at regular intervals from the 
sti~veying vessel. Alon~ ~he sandy .P~rtion~ of our coasts surveys by 
thi!! ~ethod may be sumcient. This is decidedly not the case, how- _ 
ever, m regions where there are'obstructions of small area, such as 
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,pinnacle rocks, bowlders, and sharp rocky ledges, for it is only by 
chance that they can be found by an ordinar;v hydrographic survey. 
The Coast and Geodetic Survey has- therefore developed the ap­
pa:catus known as the wire drag, which has been described in previous 
reports. 

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

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

-1. Deep-draft, along-shore course from the. Canadian boundary to 
tlie outer lirnit of Isle au Haut Bay.-The entire area that this course 
covers is a region of ledges and bowlders. The ledges rise abruptly 
from the deep water and the bowlders ordinarily li~ singly or in 
clusters on an otherwise flat bottom, so that the navigator can not 
depend on the lead to avoid them. The thoroughfares affording an 
exit to the Bay of Fundy from Passamaquoddy Bay and St. Croix 
River have been wire-dragged. Also an area 15 miles in length 
between Machias Seal Islands and Petit Manan Island. There is 
still remaining a large area as yet untouched by the wire drag. 
There are a number of towns along this course that depend on water­
borne traffic for shipping out their produ(!e and receiving their sup­
plies. The commerce consists in lumber, fish, and fuel, and miscel­
laneous merchandise, constituting the s~pply of the ~maller and 
larger fashionable summer resorts, of which the largest is Bar Har­
bor, Me. The exceptionally rocky coast makes it certain that a wire­
drag survey will result in the discovery of many rocks which now 
endanger the safety of commerce over this course. (See fig. 17, op-
posite p. · 68.) · . 

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

3. Inland thoroughfares from 1}/ ount Desert Island to Rockland.­
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 :r.art of these channels which 
has been dragged lies between Blue Hill Bay and the western en­
trance of Penobscot Bay. The results obtained have b.een so startling 
that they clearly indicate dangers in the use of channels that have not 
been dragO"ed. (See fig. 17, OJ?posite p. 68.) 

4. Penoiscot River.-This river, emptying into the head of Penob­
scot Bay, !forms the approach to the towns of Bucksport, Winterport, 
Hamden, and Brewer, and the city of Bangor, the latter two at the 
head of navigation, about 24 miles above Fort :foint Lighthouse at 
the entrance. It has considerable trade in regular steamers draw­
ing, about 10 feet and many vessels trading to Bangor draw as 
much as 18 feet. Practically the entire river above Bangor is used 
in lumber.i~g: · l!/r~:i;n the mouth of the river to Bangor there will 
be no positive certamty of the absence of all dangers to navigation 
until the area has been dra_gged .. (See fig. 17, opposite p. 68.) · 
;'~"".5o<!Penf!bsco.t Bay.-In Pe~obscot;Bay every port has benefited by 
the practical completen.ess of .the w1.r~-drag work. There are, how~ 
ever, some of the less-important sections to be di·agged, and some 
'of the approaches from the eastward are not yet completed. The' 
wire drug, as used by the Uoast and Geodetic Survey, was developed 
in this i:egion, and some of the. area wns not dragged to the d~pth 
now believed necessary. The size of vessels has mcreased rapidly, 
and additional work is necessary to protect this increased draft. 
(See fig. 17 opposite p. 68.) 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 appa.ratus will later 
have to be drngged to a ?,reater depth. · 

6. Penobscot Bay to Gasco Bay (deep draft).-The coast of New 
England throughout its length . presents practically one uniform 
problem to the hydro(l'raphic engineer. Surveys of var~ing degrees 
of completeness have been made of the entire area, and 1t is possible 
for navigators to select channels which are apparently safe. They 
would be of ample depth if it were not for the ice-worn O'ranite rock 
or the large bow lders deposited during the glacial period. 'fhe lead 
line is not adapted to find without assistance dangers of this char­
acter. This thoroughfare presents uneven and rocky bottom be­
tw~en Monhegan Island and the eastern entrance to Casco Bay, 
which should be dragged to remoye all doubt o:f the existence of 
pinna_ele rocks or small ledges. (See fig. 17, opposite p. 68.) 
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7. Penobscot Bay to Casco Bay (moderate draft).--,-From the 
western entrance of Penobscot Bay to Casco Bay there has been no 
wire-drag work done. The inside route is· constantly used by coast~ 
ing steamers, but it is certain that it has within its limits many 
uncharted rocks, some known locally and some unknown. (See fig. 
18, oJ:>posite p. 70.) . 

8, Booth Bay Harbo10.-This forms the approach to the town of 
.tlooth Bay Harbor and numerous smaller summer resorts. It is fre­
quented by many vessels and by a large number of fishing boats and 
pleasure craft in summer. It is one of the best anchorages on the 
coast of Maine, and is much used as a harbor of refuge l?y all classes 
of vessels. This a.rea is in urgent need of a wire-drag survey. (See 
fig. 18, opposite p. 70.) 

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

10. Casco Bay.-Casco Bay and the approaches to Portland have 
been drap:ged with the result of finding numerous uncharted shoals, 
thereby furnishing important evidence of t?e n~ed of carrying the 
survey to the east"{Jlrd and westward to a Junction with completed 
work. A resurvey of inneT Casco Bay is badly needed, the glaciers 
having left a series of long narrow and dangerous ledges which re;. 
quire closer examination. (See fig. 18, opposite p. 70.) • .. 

11. Portland HaTbor and approaches.-These have been dragged, 
and a~l dangers to navigation are shown on the charts. (See fig., 18; 
opposite p. 70.) . 

12. Portland to Portsmouth (moderate draft).- Westward of 
Portland the succession of sand beaches, of which Old Orchard is 
the best known, might appear to indicate an absence 0£ 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 ~ap in t~e wire-drag surveys between Cape Porpoise and Cape 
Elizabeth which must be completed to make this portioh safe. (See 
fig. 18, opposite p. 70.) 

13. Portland to Cape Ann (deep draft).-The region from Boon 
Island to Isle of Shoals is very rocky, and its importance as the ap­
proach to Portsmouth is well recogmzed. 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. 18, opposite · 
p. 70.) -

14. Portsmouth Harbor.-This area has been dragged, and all 
dangers to navigation are known. (See fig. 18, opposite p. 70.) 

15.· Massachusetts coast'_ north of Gape Ann. -From· the New 
Hampshire border to Cape Ann the shores are entirely d~fferent from 
those to the north or south. There are high sand bluff$ m 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 :rieed further attention. (See fig. 18, opposite p. 70.) 

16. Cape Ann to Cape Ood Oanal.-A completely dragged area ex­
tendi; from Cape Ann to Cape Cod Canal and from the head of Buz~ 
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zards Bay to Sakonnet Point, R. I. With the exception of the areas 
near the ·shores of Buzzards Bay, this important survey is complete. 
This work was made especially necessary by the opening of the Cape 
Cod Canal in 1915, the original surveys having 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 im­
portant not only to find those shoals of less than the proposed canal 
depth, but also those which might become a menace at some future 
date in case it should be necessary to deepen this canal to take care 
of the largest vessls. ''Tith this view the drttg was carried at a 
sufficient depth to meet such requirements. Even should a depth of 
40 feet be adopted for the canal, the present surveys of the ap­
proaches will be found adequate, and where less depths have been 
found the information will be invaluable to the engineers making 
the improvement. (See fig. 18, opposite .P· 70.) · · 

17. From Boston south outside Cape Cod.-Much o~ the traffic be-­
tween eastern New England and·points west and south passes outside 
of Cape Cod; most of' it through Nantucket and Vineyard Sounds. 
Off Cape Cod the surveys are not complete. In Nantucket Sound the 
entire route is through channels bounded by shifting sand, and re­
quires 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 decreasing the depth of the 
channel. A resurvey of parts of this route is needed every few years 
to·ihsure. safety to navigation. No rocks abound eastward of Cape 
Cod, but in• the noi;th half of Nantucket Sound and the western part 
of Vineyard Sound :JaJ,'ge bowlders occur and wire-drag work is 
needed. At present vessels must pass over 10 miles of undrag~ed 
11rea in following the best channel through Vi.D.eyard Sound. ( ;::;ee 
fig:·19, opposite p. 70.) 

18. From Cape Cod Oannal through Buzzards Bay.-This route 
has been dragged 01~t to the eastern limit of Long Island_ Sound. 
(See fig. 19, opposite p. 70.) 

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

21. Gulf of Maine.-The portion of t~e Gulf of ~aine of which 
this Bureau makes sur.veys may be considered as lym~ to the west­
ward of meridian 67° O' and extending to Nantucket ;::;hoals. This 
entire area has been inadequately surveyed, as it was accomplished at 
an eai:;ly date when both the appliances and the methods were far 
inferior to those of the present day. Not only are the soundings ob­
tained ·insufficient, but many of them are not located correctly on the 
charts. A good example of this is the discovery several years ago that 
only one shoal rock exists on Cashes Ledge, where two were charted; 
and that Sigsbee and Ammen Rocks formerly shown 4 miles apart, 
are really the same rock. These defects in the charts are serious for 
two reasons: The trans-Atlantic steamers approaching the ports of 
northern New England, especially Portland and Boston, are unable 
to depend on the charts of the gulf sufficiently to locate themselves 
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accurately by sounding. This is particularly serious. durin~ the fog 
of summer, which often extends far out to sea and lasts for days, and 
during the winter sn9wstorms. In addition to this, the fisheries of 
the Gulf of Maine are an important national asset. Not only are 
many important fl.shin~ banks uncharted, 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 fishino· grounds. (See fig. 2b, opposite p. 72.) 

.22. Nantuc~e·t .Slwals to Georges Banks.-Extending eastward 
from Nantucket Sound there is an immense shoal area, consisting of 
sandy ridges which are shifted by the waves and currents. Nan­
tucket Shoals extend about 50 miles off shore ; 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 dete_ct changes; but it might readjly be aske~, What is the .use of 
surveymg such areas as Nantucket Shoals, "'.luch vessels are most 
careful to avoid~ First, it is necessary to be certain that the outer 
limits of these shoals are clearly defined in order that they may be 
avoided; second, the shoals are important fishing grounds; third, 
more careful surveys may develop sate channels for coastwise-rnwiga­
tion channels which are already indicated on the charts, but are 
unsafe t0- 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 y~ars assui;ied large proportions; is 
steadily moving seaward. Durmg the wmter Nantucket Island is 
the headquarters of this industry. Not only do the present charts 
lack the needed information in the search for new ground but the 
absence from the charts of existing shoals. is a source of danger to 
the boats running to and from the harbor. Breakers often occur 
where there is ample depth for boats when the water is smooth. This 
is an excellent example of how a region usually avoided by commerce 
may be of importance to an industry ~hich furnishes part of the 
food supply of the Nation. (See fig. 20, opposite p. 72.) , 

23. Trans-Atlantic approach to New .Yorlc.-There is s<;arcely any 
part of our coast where correct soundmgs are of more importance 
than in the approach to New York from the eastward, as all trans­
Atlantic steamers bound to that port pass over this.area. Many of 
them have to depend on soundings for safety. A fairly good survey 
of this area is available, but additional work should be done by mod­
ern methods in the portion out of· si~ht of land so that the needs of 
the enormous traffic will be met. (See fig. 20, opposite p. 72.) 

24. From PoinfJJudith to Ne'W York.-It is almost unnecessary to 
-go into particulars, except to make it clear that the central 'and 
western parts of Long Island Sound remain to he dragged. This 
work will be undertaken at the earliest opportunity. At present 
:New York Harbor has but one exit to the sea for doop·-dru ft 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 th~ East, 
River. The project to remove these and .secure a depth of 40 feet 
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is now in progress. Before it is completed, channels of this depth 
in the Sound should be examined with the drag to make certain 
they are safe. This would also apply to Fort Pond and approaches, 
if the proposed trans-Atlantic terminal is located at that place. The 
project to deepen ..1!.iast River to 40 feet makes it necessary to be 
certain where the channels with such depths are located in Long 
Island Sound. ·The work done in Block Island Sound has defined 
the limit of such depths in the eastern approach to Long Island 
::found, and it is urgent that the entire area should be completed 
without delay. The approaches to all the harbors on Long Island 
Sound. should be dragged. The shoaler bays are used extensively 
by motor boats, and the number in operation for a given area is 
probably greater than anywhere else in the United States. (See fig. 
21, opposite p. 72.) · 

25. Hudson River.-'l'he Hudson River is a valuable waterway 
between New York and Albany and is a part of the canal system of 
the State.· A few years ago a dangerous rock was found directly 
in the path of steamers between .New York and Albany. With such 
a possibility all tlie doubtful part of the Hudson sh01,ild be dragged. 
(See fig. 21 opposite p. 72.) . · 

26. New York Harbor.-New York Har.bor has had a recent sur­
vey, but as it is an area subject to change it will require a survey, at 
leas_t in part, every few years. (See fi,,g. 21, opposite p. 72.) 

27. Ooast of New Jersey.-Along the most of the coast of New 
.Tersey·tli~ ~haracter of the bottom is such that the exact existing 
depths shoulCI. be'•ascertained beyond all doubt, partieularly 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 
)n connection with searches for these reported shoals. Eastward of 
"(!;lapeMay there are shoals that need a resurvey. Surveys from Cape 
Henlopen to New York are now in progress. This survey will ex­
tend out to the 100-fathom curve. (See fig. 217 <;>pposite p. 72.) 

28. Delaware Bay.-Delaware Bay has as its most marked char­
acteristic a series of narrow, fairly deep channels separated by long, 
narrow shoals. These shoals are subJect to change. A survey is 
needed now, and one should be made about every 10 years in· the 
entrance and at longer intervals in the upper bay. While dredged. 
channels are maintamed for most of the distance from the entrance 
of the bay to Philadelphia, vessels of moderate draft use the other 
channels. In vie~ of ~h~ importa~ce of the cities at the head of the 
bay and on the nver, it is highly important that the needed survey 
of Delaware Ba~ be made so that a chart of the proper standard 
may be issued. See fig. 22, opposite p. 74.) · 

29. Delaware ay entrance to Chesapeake Bay.-From Delaware 
Bay entrance to Chesapeake Bay there is a succession of shoa:ls and 
banks. Many oi these are buoyed so that moderate-draft vessels may 
pass inside of them. In certain regions it is of the highest im­
portance that the survey should be correct artd kept up to date .. 
At only one place has a comprehensive survey been made, and this 
was the inv~stigation of a reported shoal. The work of surveying 
this area was taken up in July, 1919, and carried on until the winter 
g~les made it impracticable to continue work on the open coast. (See 
fig. 22, opposite p. 74.) · 
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30. Chesapeake Bay and tributaries.-These have been extensively 
surveyed in recent years, and a larg_e 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 prob­
ably be needed in 10 years. Owing to the shifting sandy bottom, 
the bay is greatly in need of examination at critical localities where 
depths are near the draft ·of vessels; frequent reports indicating 
presence of new shoals. (See fig. 22, opposite p. 74.) . 

31. Chesapeake Bay entrance to Cape Hatteras.-The diagram 
shows the tracks for both the light-draft and deep-draft vessels. 
While a resurvey is desired, the most pressing need is that the present 
limit of shoal areas be accurately determined. (See fig. 22, opposite 
p. 74.). 

32. Albemarle Sound.-Albemarle Sound and its tributaries, with 
a few exceptions, have been resurveyed within the last few years and 
will not require resurveying for a long. time. The uncompleted 
portions, including the North and Alligator Rivers, should be fin­
ished in the near future, as they form part of the project for a 
through 10-foot channel of the inside Wl!-terway route. The Chowan 
River, which is the western extension of this sound, should also be 
finished, and then. the surveys of this region would be in a most 
satisfactory, up-to-date condition. (See fig. 22, oppc;isite p. 14.) 

33. Croatan Sound.-Croatan Sound, the connectmg hnk,between 
Albermarle and Pamlico Sounds, has recently been resurveyed, but 
the depth is so near to the draft of vessels using it that the surveys 
will have to be revised from time to time. Chan()'es in the mam 
channel have occurred within the last two years. (S"ee fig. 22, oppo­
site p. 74.) 

34. Pamlico Sound.-Pamlico Sound has additional. importance 
owing to its relation to the inland waterway route; The eastern 
half of the sound is well surveyed, but the entire western half and 
the Neuse River, which, in addition to its local use, as part of the 
through 10-foot channel, have not been completed; the survey is 
now in progress. (See fig. 22, opposite p. 7 4.) · 

35. Diamond Shoals.-Diamond Shoals off Hatteras should be 
resurveyed chiefly to determine changes in their extent, and par­
ticularly to obtain a knowledge of the correct depths Oil\the seaward 
s\de. (See fig. 22, opposite p. 74.) 

36. Oape llatteras to Winyah Bay, S. C.-Nearly the whole of 
this area is in need of a new survey, as those now charted are not 
in sufficient detail for modern navigation. Next to Diamond Sh.oals 
in importance to coastwise navigat10n are the shoals extending sea­
ward from Cape .Lookout and Cape Fear. They are subject to change 
and should be examined at short intervals. (See fig. 23, opposite 
p. 74.) 

37. Winvah Rav 'to Fernandina,· Fla.-This region has been re­
cently surveyed, the l\Vork extending out to 100-fathom curve .. (See 
fig. 23 opposite p. 7 4.) . 

38. Fernandina to the Florida Reefs.-From Fernandina to .the.: 
Florida Reefs the area of moderate depths continually narr9W's,. 
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until a:t Palm Beach the distance to the 100-fath(}m curve is very 
smaJt .. The com:plete_d surv~y referred. to in_. paragraph 37 _extends 
soutliward ~ a little below St .. Augustine. South 0£ St. Augustine, 
the bottom is prol:>ably not subJect to change except as noted below, 
and the surveys, while by no means complete, are fair. Off Cape 
Canaveral and-outside the southern half 0£ the Indian River there 

'are extensive banks and ridges in urgent need 0£ resurvey. Known 
depths of 11 to 16 foet a long way offshore show the need 0£ further 
surveys· to make certain that alL the slrnals 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 1nshpre work in connection with the offshore 
surveys. (See fig. 24, opposite p. 76.) · 

39. General, Atla'iltio .and Gulf Ooasts.-An explanation 0£ the 
method used in verifying the location 0£ a vessel by sounding when 
objects on shore are obscured by distance or thick weather will .show 
why accurate charts are 'particularly needed from New York to 
Palm. Beach and from ~ey :West to the Mexican Bordel'. At fixed 
intervals the vessel takes soundings, which are plotted to the scale 
of the chart on tracing paper, and this is moved over the chart, 
keeping the line. joining . the soun:dings parallel' 'to . the course. _0£ the 
vessel until the soundings agree· with those shown on the chart. · If 
the charts are correct and based on a sufficiently modern survey, 
the method is on_e of the best known for verifying the ship's posi'.' 
tion. If, on the other hand, the soundings are few an:d far ·a par~ 
so that the ship's soundings _£all between them, and if those on the · 
chart are wrongly. placed, this method becomes. much more difficult 
and an accidental agreement may lead th~ vessel into danger;·. . 

From New York to Cape Ilatteras while the charts are £ai;rly good;; 
the:y are by no means good enough to.meet the full needs of navi­
gation, but the work required to bring them up to 'date has .been post;., 
P8ned. , as the need· for resurveys h_as been more urgent farther sou_ th. 
Up to a few years ago the offshore surveys from Cape Hatteras to the 
Flor.ida Reefs were almost unbelievably deficient. This condition is 
being remedied as rapidly as possible, and between Winyah Bay, 
S. Q., and. St. Augustine, Fla., the offshore·work out to the Gulf 
Stream is complete. It is important that this work be e,xteiided botP; 
north and south from its present limit as r~pidly as possible. Wi~4 
adequate .funds £ull advantage .can. be.taken .of, the seasons aml ,by 
WR~~n~ north in the summer and south in. the wi~ter the cost pf tlie, 

. workw1ll',he O'r~atly reduced. (See fig. 24, opposite p. 76.) .. •··· 
40. 1n,dwn ~iver.-There have been no recent, surveys of thei:J.e 

waters. · ~eyisionary :work is needed. (See fig. 24, opposite p. 76.) ... 
41. Biscay~,!Jay.-:--Re<Jent surveys have been made of this ·area 

out to the 100-fathom curve, in the vicinity 0£ Miami and as £ai. 
south as Fowey Rocks. (See fig. 24 opposite p. 7().) . .• . . ·. 
, 42 .. Vicinity of FoweyRocks Light.-No recent surveys .have been 

'made.~ . Inshore and offshore work is in progress eastward from 
KeyWest, which includes this a;rea. The present surveys are µot 
sµ,fficJ~ntjn· detail. (See fig. 24, opposite p. 76.) · . . ·· · 

•43; (J'oast.'ofRlorida from 'P<Jl,m B,ea<ih around to Oedwr Keys;-:-­
<:ij'or a·ru.st1tnce ii.long the shore. of. 567 miles from Palm Beach sbuth­
w~rd aroun.d t.O· Oed1;tt Keys on the. we8t coast of Florida, coral reefs 
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are found, in some places more abundant than in others. Coral reefs, 
whether the result of disintegration, or of a building up by animal 
growth, are found in a great variety of forms anll in vast numbers of 
sharp projections from the general bo~tom, where conditions are 
favorable for the growth of coral. 'Vlule we arc informed that an 
enormons innnber of uncharted rocks exist in this region, due to the 
fact that they arc so mnnerous and that the region is so large, an effort 
has been made to first drag areas of the coast used by commercial 
and naval vessels, because of both the time ancl cost involved. ·wirc­
Jrag work is accordingly undertaken in localities where there arc 
commerce and naval operations. To accomplish even this will re-
9,uire years of work. vVestward-bouncl vessels through the Florida 
Straits have to force their way against the strong cnrrent of the 
Gulf Stream, which in places attains 11 velocity of il miles per hour. 
Along the northerly edge of the stream and close to the reefs the cur­
rent is Yery weak. There is n strong temptation to lwep dangerously 
dose to the reefs ancl sani fuel, and this is the cause of frequent acci­
dents. Besides the danger of rnm1ing into the known reefs, which 
are in many places bare and are of no great depth throughout their 
length, another clangc•r, the extent of which is not yet known, has been 
discoYered in a secondary reef, parallel to the main reef, and about 
one-half mile outside of it. This secondary red is found to approach 
the surface in places as a narrow ridge with cfopths as little as 25 feet. 
Twenty-five. miles of this reef has· been examined, but 200 miles 
remaiii to be examined. It is important to nearly all the great traffie 
entering the Gulf of :Mexico that this examination he eomplded at 
the earliest possible moment. During the past year a Yes:od has bccu 
continuously employed on the surveys of tlw Florida HePfs between 
the :Marquesas Keys and Fowey Hocks; this includes supplementary 
surveys of the channels through the reefs from deep water into the 
inside route lying betWN'n the reefs and the mainlam1; also the close 
development of the shoa 1 area wPsi ward of Key vV est and southward 
of the Marquesas Keys. In connection with this the work has been 
carried out to the 100-fathom curve for a distance of 27 miles along 
the reefs. (See fig. 24, opposite p. 7(i.) 

44,. VeN:wl cmlncs 1101'f!i f1·01n !l'ey ·west.---Vcssels houncl for rn1st­
ern gulf ports naturally wish to take the shortest routP. If of light 
draft they can cross the Flori<la R('efs at Key \VPst. The next chan­
nel is between Relweca Shoal and Dry Torhigas, and if this is not 
11sed vessels must pass well to the westward of Dry Tort11gas to avoicl 
a shoal hank west of it. The Rebecca Shoal <'hanriel has been dragged 
and has ample depth of water. The hank WPst of Torti1gas shonlcl 
be dragged, es1weially as YPc:sels making la11d from the 'Ycstward 
have to cross part of it. N orthwarJ of the lrnys from Key ·wesL to 
Tortugas a donbtfol area should he draggell. The necessity of this 
is emphasized by the fact that the U. S. S. Rllis, whill' stoaming­
northwarcl of the :Marq11csns Keys recently, struck a coral head which 
proved to have only 7 f<~et over it. This coral head was directly out 
of 11 depth of 35 feet, with no indication of its existence until struck 
by the naval vessel, which was severely damaged. The channel be­
tween the keys and the reef known as the Hawk Channel is impo~·­
tant for moderate-dra:ft vessels. It will be necessary to drag the axis 
of the channel to insure against dangers to the vessels making use 
of it. 
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45. Gape Romano.-This area is in need 0£ Hurveys. An inspec­
tion 0£ the existing maps and charts 0£ the State 0£ Florida show 
practically a blank area for that part of the peninsula. south of Lake 
Okechobe. There are but few areas 0£ the United States of like size 
:about which so little definite information can be obtaine<l. North­
ward o-f this unknown region drainage canals are opening up the 
-country for development. It is not unlikely the same means will be 
~xtended southward. At the present time this Bureau should pre­
pare to meet a demand in the near -future for the delineation of a 
broader belt 0£ country back 0£ the shore -from Cr 1)e Sable to Punta 
Rosa than is now shown on our charts. Tourists and lftncl prospec­
tors are now exploring this intricate system o-f island and waterways. 
{See fig. 24, opposite p. 76.) 

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

47. Tampa Bay and approacli.-The existing surveys at present 
meet the needs of navigation of these waters. (See fig. 24, opposite 
p. 76.) . 

48. Cedar /{eys.-No recent surveys have been made of this region. 
Wire-drag surveys are badly needed. (Ree fig. 24 opposite p. 7G.) 

49. Apalachee Bay.-No recent surveys have l)een made 0£ this 
region and revision work is nee<fo<l. (See fig. 25, opposite p. 76.) 

50. Inshore wate1'8, G1tlf coast.-The chief characteristics of the 
west coast of Flori<la are the distances to which shoal water extends 
offshore between Cape Sable and Cape Romano and from Tampa Bav 
to Apala?hicola and the existence of a large number of hays con­
nected with the sea by deep channels, either natural or dredged. 
From Apalachee Bay to Cape San Blas the coast begins to assume n 
character more like the South Atlantic coast, and coral bottom is no 
longer found. This stretch of eonst is sandy and sand shoals extend 
-0ff some distance, especially in the vicinity of Cape San Blas. This 
region needs a resurvey and, like other sandy portions of the coast, 
will need resurveying from time to time. Tlw Florida and Alalrnma 
coasts differ somewhat, as deep water approaches close to the shore 
in the latter. The coast 0£ Mississippi nnd Louisiana has a very large 
proportion of changeable area, nnd resurveys are nee<led now and 
will be needed -from time to time in the area from Mobile Bay to tho 
end 0£ the offshore shoals of Vermilion Bay. The immense load of 
sediment carried by the Mississippi River, e"specially in time of flood, 
·causes constant changes in the delta. The deposit 0£ 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 o-f the Mississippi 
Delta there begins an extensive shoal region which is in nee<l of sur­
vey. The inshore region along the rest of the Louisiana coast arnl 
the Texas coast, with an important exception, has <leep water fairly 
close to the shore. The exception is along the eastern part of th"e 
Texas coast from Sabine Pass to Galveston. Snbine Bank and lleal<l 
Bank have shoal depths at a considerable distance from the shore 
and they should have a thorough resurvey. Galvestion Bav also 
needs resurveying. (See fig. 25, opposite p: 76.) · 

51. St. Joseplis Bay.-No recent surveys have been made of this 
.area a:nd a reexaminntion is needed. (See fig. 25, opposite p. 76.) 
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52. Offshore waters, Florida reefs to the Memican 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 reconiioissance sur­
veys only. The bottom is coral rock in many places, and projections 
from coral banks may come sufficiently near the surface to be a 
menace to navigation. Fishermen have reported several uncharted 
ridges, and while the somewhat incomplete surveys of the reported 
localities have not confirmed all the details of their reports, important 
differences from the charted depths have been found. . The 100-
:fathom curve approaches fairly close to the Mississippi Delta, then 
swings offshore a~ain, so that it is about 60 miles ·south of Sabine 
Pass. It then swmgs 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 wa.ter so likely to be productive in 
furnishing important changes in existing charted depths. (See fig. 
26, opposite p. 78.) . · · 
· 53. Pensacola Bay.-Surveys have recently been completed in the 
entrance to the bay; the entire bay requires reexamination. (See 
fig. 25, opposite p. 16.) . 

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

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

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

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

58. llermilion Bay and Oote Blanche.-No recent surveys have 
been made of these areas. Surveys are needed. (See fig. 26, opposite 
p. 78.) 

59. App1·oach to Sabine Pass.-No recent surveys have been made 
here ; revisionary surveys are needed. (See fig. 26, opposite j· 78.) 
. 60. The surveys of Porto Rico were begun when the islan came 

under the jurisdiction of the United States as a result of the Spanish­
American War. By 1910 the surveys of the bays, channels, and in­
shore waters were completed and a number of deep sea soundings 
were taken around ·the island. There are, however, extending to the. 
eastward and westward of the island and along the south coast ex­
tensive areas where the bottom is of coral formation. There are also 
reefs along the north coast, but as they are close to shore, and niust 
be avoided by vessels, it is only important to lmow their location a.nd 
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 t~e probable existence o 
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unchartered projections is a source o:f danger. Vieques Sound be­
tween Culebra and Vieques Island east of Porto Rico, Virgin Pas­
sage, and th_e approaches. to the harbors o:f the American V.ir~i.n 
Islands are m need o:f wire-drag surveys. The only worlr of this 
character that has been accomplished here is in the vicinity o:f Maya­
guez. This work resulted in the abandonment o:f one channel and the 
rebuoyfog o:f another. (See fiO". 27, opposite p. 78.) 

61. Virgin lslands.-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 o:f determining 
whether they are sufficient :for the needs o:f our naval and commercial 
vessels. It is certain that the coral formation in the waters touching 
these islands requires extensive wire-drag surveys before accurate 
charts can be issued. Topographic surveys of these islands were 
requested by the Navy Department. The triangula.tion was extended 
eastward :from Porto Rico :for control o:f the topography. St. 
Thomas and St. John have been completed and about 60 per cent of 
St. Croix completed to date. (See fig. 27, opposite p. 76, and fig. 44, 
opposite p. 162.) · 

62. Panama Oanal.-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 di~tance outside. The Pacific approach to the canal has had 
a recent survey and has been dragged. (See fig. 28, opposite p. 78.) 

63. Pacific coast of the United States.-The western coast o:f the 
United States is very different :from the eastern. Generally moun­
tainous, with comparatively few harbors or inside waterways, and 
with comparatively deep water clos~ to the _shore, it presents little 
resemblance to the low shores and wide contmental shelf of the At­
lantic. The purpose o:f the survey is, then, to meet the needs o:f ves­
sels approaching :from seaward and coasting vessels which keep to a 
few comparatively If.l.rrow tracks, to insure up-to-date charts o:f 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 o:f the charts o:f 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 o:f fre-

. quent occurrence. On the coast and in the vicinity of San Fran­
cisco thick weather is prevalent :for perhaps 25 per cent o:f the time. 
Under such conditions the navigator must rely entirely upon his 
chart, and it is essential that detail surveys be made to the)OO-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 
~nal. In the vicinity o:f the outer islands surveys extended only a 
httle way from the shore., and ,tho 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 unsµr­
veyed. 
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A }jmited amount of work was done years ago south of Cape 
Blanco and in the vicinitv of the Columbia River, but this was not 
more than a rcconnoi<;sance and docs 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 Blanco, which must be rounded by all vessels plying between 
the Columbia River and San Francisco, there are no soundings to 
serve as a guide in thick weather, and vessels have been lost wholly 
on account of this lack of surveys. 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 cen­
ters of the Pacific coast. Yet, in spite of the immense expenditures 
for improvements, there is not a single one ot these harbors the ap, 
proaches to which have been adequately surveyed. The approaches 
to the Columbia River have been sounded for a short distance off­
shore, but even in this area the soundings are too far apart to more 
than indicate, in a general way, the depth which may be expected. 
This partial survey extends southward along the. coast to include 
the approaches to two other harbors. The approaches to the remain­
ing five, on which $3,826,000 have been expended in improvenient, 
are entirely unsurveyed. The entire Washington coast stands in 
urgent need of a first survey, except in the approach to the Straits 
of Juan de Fuca and in the straits themselves, where the present 
work is adequate. (See figs. 29 and 31, opposite pp. 78 and 80.) 

64. Los Angeles Ila1·bor.-Los Angeles Harbor should be 
dragged. Instructions are nmv prepared for revision surveys of 
the inner and outer harbor. (See fig. 29, opposite p. 78.) 

65. San F'mnci8co Bay.-San Francisco Bay is of varied character 
of bottom and needed surveys vary to correspond. The immediate 
approaches are complete except in the vicinity of the 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. The bar outside the Golden Gate needs a resurvey. 
Wire-drag work has been carried through the Gold.en Gate and. i~­
side, both northward and southward of San Francisco to the hm1t 
of tlH' ·rocky area. Surveys in the southern part 0£ the bay, where 
the bottom is subject to change by currents, is now in progress. (See 
fig. 30, opposite p. 78.) . 

66. ,Jlongshore waters of the Pacific Ooast States.-From the 
western end of the Santa Barbara Channel to Monterey Bay the sur­
veys, as a rule, extend only to the 50-fathom curve, which lies but 
a short qistance offshore. These surveys should be extended sea­
ward to include the usual track of coastwise vessels, which lies an 
average distance of about 10 miles from shore .. From San Francisco 
Bay to Point Arena a widely spaced system of sounding lines has 
heen carried out to the 100-fathom curve. Here an additional amount 
of work, about equal to that already accomplished, is necessary 
before the survey can be considered complete. Between Point Aren11 
and Cape Mendocino, the surveys extend a uniform distance of 6 
miles from shore, reaching depths varying from 50 to 600 fathoms. 
Additional detailed surveys should be made in the vicinity_ of each 
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cape_,, and between them the work. should be curried seaward to be­
yonct the steamer track. Tvrn vessels have been engaged during the 
Past year in offshore surveys in the vicinity o:f Cape Mendocino, with 
the intention o:f extending the surveys both north and south o:f this 
l~ape. The necessity for such surveys is shown by the location of 
the hitherto uncharted submarine valley north of Cape Mendocino, 
which was a factor in causing the wreck o:f the steamer Bour. 

From Cape Mendocino northward to the Oregon boundary the 
limited surveys existing made many years ago are <;1ntirely . in­
adequate. A complete survey should be made at the earliest possible 
date. There are no adequate surveys o:f the inshore area along the 
State of Oregon. At present a party with a chartered launch is mak­
ing a survey of the Umpqua River bar, requested throuO'h the Navy 
Department. 0:1' the water off the northern part of the 'Pacific coast 
little .is known, except that the Bureau of Fisheries, acting on the in­
formation obtained from fishermen, has located certain banks. These 
banks should be surveyed to determine their depth and extent, and it 
is believed that a general survey carried out to the 1,000-:fathom 
curve will result in the discovery of other banks of great value. (See 
fig. 30, opposite p. 78.) 

67. Interior waters of the State of W ashington.-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, 
Bellingham, and Olympia1 and connecting with the inside passage 
to southeastern Alaska. All these waters should be dragged were­
ever there is the slightest doubt as to the presence of dangers to navi­
gation. (See fig. 32, opposite p. 80.) 

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

68. Steamer 1•outes, southeastern Alaslca.-'.l:n 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 importanc('. For some years 

12783--20---H 
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past two parties have been actively engaged in dragging the main 
steamer routes, and this work is now about 60 per cent complete. One 
of these parties is now at work in Stephens Passage northward from 
Frederick Sound. (See fig. 33, opposite p. 80.) 

69. _The outside coast waters of the islands bordering on the open 
Pacific.-These and their connecting channels are largely unsur­
veyed and should be navigated with great caution. A navigator 
seeing the chart on which the shore line is sketched, no soundings, 
several rocks and shoal banks, notes as to rocks and breakers re­
ported, and a statement on the chart to the effect that the area is 
unsurveyed, is, to say the least, unable to proceed with confidence; 
and this situation is by no means unusual. The same pressin()' 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 watei:s through which traffic must pass ren?er suryeys in the -
near future imperative. vVork on the outer coast is now m progress 
northward from Dixon Entrance. Surveys were also in progress 
in Clarence Strait and Dixon Entrance. (See fig. 33, opposite p. 80.) 

70. Cross Sound to Prince William Sound.-From Cross Sound, 
the northernmost channel from the inside waters to the sea, to Prince 
'William Sound the coast has few features of present or prospective 
importance. There is, however, urgent need for surveys to insure 
the st1fety of vessels approaching and passing this coast. In this 
region the charts are very defective in the manner of showing sound­
ings and prominent coastal mountain peaks and headlands that 
would enable the navigator to obtain his position on approaching 
from seaward. The only important break on this coast Yulrntat 
Bay, has some canneries, and additional surveys are need~d here on 
this account. (See fig. 34, opposite p. 82.) 

71. Prince William Sound to Unirnale Pass.-A very important 
section of the Alaska coast extends from the waters of Prince William 
Sound westward to Unimak Pass. Not only are the industries of 
.present importance, but there are extensive mineral resources largely 
undeveloped through lack of cheaper transportation. The point to 
be emphasized is that this is not an old, settled country, with its 
needs in the matter of transportation fixed, but it is still capable 
of great future development, and in considering the heeded 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. '\Vire-drag work will be needed in both of these localities, 
as reefs and pinnaCle rocks exist. Prince William Sound needs addi­
tional soundings over most of its area, and many of its branches 
need original surveys. Cordova is the terminus of the Copper 
River & Northwestern Railway which gives access to the important 
copper mines on the Copper River. The approaches to Cordova 
have been surveyed, except for wire-drag surveys needed to insure 
complete safetY.. Seward, O!l Res~rrection Bay, is the terminus of 
the Alaska ·Railroad now bemg bmlt by the Government. The sur­
veys of its approach are completed except for wire-drag work. It 
is probable that much of the trade originating along the line of the 
Government railway will be transshipped at Anchorage, at the head 
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of Cook Inlet. Not only will this make it necessary :for many vessels 
to navigate these waters, but there are now very large salmon can­
neries all along its shores, as well as considerable minmg. The pres­
ent surveys are inadequate, and wire-drag work is needed over much 
of its area. Kodiak Island, with a number of canneries and with 
some cattle grazing, is largely unsurveyed. From Kodiak Island 
westward to Unimak Pass surveys are now in progress; only a com­
paratively small part has been surveyed at present. While the 
amount of present traffic is small it is sufficient to need protection. 
At present the Coast Guard vessels and the freight and passenger 
vessels run grave risks in using the protected natural channel leading 
along the coast inside the island. This is a particularly bad stretch 
o:f coast, with many reefs and islands. Only in the vicinity of the 
Shumagin Islands and from Unimak Pass to Unalaska Island have 
surveys been made, and they are inadequate. It is not now practi­
cable to drag the entire area, but it is important that the immediate 
needs of navigation, even though of limited amount, be met by 
dragging a selected channel to insure the safety of vessels from 
Sheliko:f Strait to Unimak Pass. Unimak Pass is the almost uni­
versally used channel into Bering Sea. It has been surveyed, but it 
is probable that part of it should be dragged or at least further 
soundings be taken. (See fig. 34 opposite p. 82.) 

72. Aleittian lsland8.-The Aleutian Islands have comparatively 
little traffic and are without survey. It is necessary that this region be 
patrolled by Coast Guard vessels. The loss of one of the vessels of 
this service a few years ago was wholly due to the lack of adequate 
surveys. (See fig. 34, opposite p. 82.) 

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 o:f these have recent 
surveys, but, as the bot~O!fl is subject to _change on account of the 
large rivers future addit10nal surveys will be needed. As an ex­
ample of wlrn-t surveys mean in a new region, the dis~:overy 0£ an 
entrance to the Kuskokwim River suitable for moderate-draft ves­
sels opened up an immense area for grazing and also in places for 
general agriculture. (See fig. 34, opposite p. 82.) 

74. Norton Sound.-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 addi­
tional surveys are needed. It is curious that in this sound, which ac­
cording to ail available information is 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 absolutelv certain that no pinnacle 
rocks exist. (See fig. 34, opposite p. 82.) 

75. Bering Sea and Arctic Ocean.-Except in the vicinity of 
Pribilof Islands, there are no other existing surveys in Bering Sea or 
to the north which can be considered 0£ value. (See fig. 34, opposite 
p. 82.) 

76. Guam.-The pre~~nt chart of the island of Guam is compiled 
£rom Spanish and British charts and some harbor surveys by the 
United States Navy. No attempt at a comprehensive survey has 
been made. A complete surv~y should be ma~e, not only including 
the harbors, but the surroundmg waters, carrymg the work out to a 
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depth that will be certain to include all dangers. In these waters 
shoals rise abruptly from great depths, and the a,bsence o:f soundings 
on the charts does not imply safety, but simply absence o:f surveys. 

77. Hawaiian lslands.-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 o:f 
them. In the vicinity of Oahu, Maui, Kahoolawe, and the south coast 
of Molokai the surveys are :fairly complete. In the vicinity of Hawaii 
the surveys are very inadequate except in the only harbor, Hilo Bay. 
'_I'he west coast of Lanai and the viciuity of the two westernmost is­
lands, .Jauai and Niihau, are practically unsurveyed. The various 
channels between the islands from Maui to Oahu are fairly well sur­
veyed. The others are practically without surveys. (See fig. 35, 
opposite p. 82.) 

78. Philinn'.ne blands.--'l'he Philippine Islands are composed 
?f not less th::rn 3,000 islands and islets cover~ng an area of approx-
1mately 150,000 square miles, about the same as that o:f the five New 
England States and the State o:f New York combined. The total 
length of the general coast line, measured on small-scale charts using 
3-milc spaces of diYiclers and omitting islands ttud bays less tlrnn 
3 !lliles lo~g, is approximately 10,850 miles, or about the same as that 
for the Pntire Atlantic coast of the United States, including the is­
lands. The unsurveyed hydrography covers a large area on account 
of the necessity of extending this work, in some localities, for many 
miles offshore, and on account of the very extensive area of the Sulu 
Sea. The unsurveyed regions a·re as follows: 'I'he northeast coast 
o:f Luzon from Polillo Isl~nd n~rthward to Aparri; the region off 
the north coast of Luzon, mcludmg the Babyan Islands, Balintang 
Channel, the N atan Islands, and Bashi Channel; the entire west coast 
of the island of Pala wan; the south coast of Mindanao, from Pola 
Point to Mali tu, in Davao Gulf; the Sulu Archipelago 1mcl the Sulu 
Sea from the Tubbathahe Reefs south to the limit of our possessions 
off the coast o:f Borneo. (See fig. 86, opposite p. 82.) 

79. Northea8t coa~t of L71zo11.-This entire unsurveyed region, 
:from Polillo Island on the south to Aparri on the north, is of little 
commercial importauee, and lwing quite free from dangers to navi­
gation, the execution of the work is being delayed until more impor­
tant localities are completed. Little reliable information relating 
to this region is avnilable, but a number of good anchorages have 
been reported. Among these are the inner harbor of Port San Vin­
cente, Dilasac Bay, Casiguran Soun<l, and Dingalan Bay. The tirst 
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. 86, opposite p. 82.) 

80. Off north coa8t of Luzon.-A survey should be made of the 
islands and the waters to the northward of Lnzon as for 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 jg in the region visited by frequent typhoons, the work should be 



REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 85 

undertaken during the period when the typhoons are less frequent. 
(See fig. 36, opposite p. 82.) 

81. West and east coa,st of Palawa;n.-The coast line of the island 
of Pala.wan 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, Banguey -
Island, to Ca~yan Suln, and off the north coast of Borneo consists 
of coral reefs, many small islets, and innumerable hidden dangers 
to navigation. To the westward of Palawan, reefs and dangers extend 
to over 100 miles offshore. The hydrographic survey of this region 
involves an immense amount of labor. A preliminary survey for 
the location of channels through the reefa and entrances to harbors 
will first be necessary, after which these localities must be swept with 
the wire drag. (See fig. B6, opposite p. 82.) " 

82. lYest coast of 111 indanao.-This island is of little commercial 
importance due to the absence of harbors ancl having a rugged 
mountainous country adjacent to the coast which is not adapted to 
the growth of any of the staple products. The nsnal steamer tracks 
do not approach the shore witliin 4 or 5 mil<>s, a sufficient tlistance to 
a.void all dangers. For these reasons the surYeys now in progress. 
have been postponed for more important localities. 

83. So·uth coast o/ 11linda11110.-This stn•tch of about 1()0 miles from 
Pola Point to Malita in Davao Gulf is similar in many respects to 
the west coast. In general, it is bold and steep, with m1merons out­
lying reefs, which, however, do not extend a gr<>at distance from 
shore. The triangulation for furnishi,ng the controlling positions 
for the hydrography and topography presents a difficult problem, the 
shore line being invisible from the peaks and ridges but·a short dis­
tance back. 

84. Suw A?·chipelago.-This region, about 75 miles wide, extend­
ing in a southwesterly direction from Za-mboanga, on the southern 
coast of Mindanao, to the coast of Borneo, a distance of about 180 
miles, has scattered over it about 300 islands and islets and numerous 
hidden dan<rers to navigation. Surveys in this area are now in 
progress. It requires a survey of the most careful arid intricate char­
acter and much of the locality must be swept with the wire drag' 
after' the present hydrographic survey is made. The formation 
~s coral. 11:nd dangerous to navigation, as rocks ~re fr~quently fou~d 
ln localities where they 11re least expected to exist. 'Ihe currents rn 
the region are very strong. The physical conditions are such that 
excellent control to coordinate the work with that along the coast of 
Mindanao can be obtained. (See fig. 36, opposite p. 82.) 

85. Sulu Sea.-The northern end, as far south as the Tuhbataha 
Reefs, except certain small area, has been surveyed with a fair degree 
of accuracy, but owing to the coral formations, where hidden dangers 
frequently exist, wire-drag sweeping will be necessary in selected 
passaO'es. A large part of the region to the south of the Tubbataha 
Reefs"'remains unsurveyed except for a reconnoissance with approxi­
mate locations by navigational. methods. A survey of this area is 
now in pro()'ress. Numerous rocks and reefs dangerous to naviga­
tion are scattered throughout the sea, but: certain well-defined pas­
sages have been examined with sufficient accuracy to make naviga. 
tion through them reasonably safe. (See fig. 36, opposite p. 82.) 



Part III.-SUVEYING FROM THE AIR. 

The great possibilities of airplane photo()'raphy in cennection with 
the water and land work of the Coast and Geodetic Survey are loom­
ing up as a potential factor in expediting the mapping of our water­
ways and interior surveys. This very important subject has been 
~he object of .caref?l study and experiments by officers of the Survey, 
m collaborat10n with the other branches of the Government, durin()' 
the past year and the rapid advance in aerial photography, first 
seriously undertaken during the \var, now promises, with proper 
develop~ent, a method of surveyi_ng thl;lt. will probably far exceed 
expect11t10ns over the old methods m rap1d1ty, economy, and minute­
ness of detail. 

No little stress should be laid on the £net that not only are the 
possibilities good for an enrly nncl complete revision of our shore 
topography, but the opportunities that present themselves for assist­
jng materially in our hydrographic work should not be underesti­
mated. 

With the necessnr:y facilities and cooperation supplied by the 
Army and Navy Aviation Corps to the Coast and Geodetic Sur­
vey, experience has already proven the value of aerial photography 
over the old method of surveying in revision surveys of our coast 
lines. 

This work, so far, is divided into two branches, aericil photo­
topograpliy and aerial plwtol1ydrogmpl1y, and the results are shown 
in the following recent practical demonstrations: 

AERIAL PHOTOTOPOGRAPHY. 

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

This work was .done in cooperntion with the Air Services of the 
Army and Navy. Both land and sea planes were used, nnd in addi­
tion several photographs were mnde from a dirigible. Three types 
of mapping cnmeras were tried ont, the "L" type, K-1, and Tri­
lens. An officer of the Survey kept in close touch with the work and 
furnished the ground control, constructing special targets in some 
cases. · 

A mosnic wns constructed by members of the Air Service of the 
Army, using the photographs made with the K-1 mapping camera. 
These were tnken at an altitude of 7,000 feet, using a lens of 10-inch 
focal length with a resulting scale of about 1 : 8,000. A rough con­
tml scheme was first laid out and the mosaic constructed over this. 

:86 
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This mosaic and also the individual photographs have been the 
subject of study by engineers of the Survey, especially with reference 
to control and interpretation. Various methods. of reduction for 
chart use were tried out. A study was made of the accuracy of 
mosaics and individual photographs. The possibilities of euutrol 
using the photographs themselves to establish a graphic trinnguhl­
tion have been investigated. The most important point brought out 
from the study of the results of the work at Atlantic City was the 
possibilities in revision work, especially along those sections of the 
Atlantic coast where the shore line is subject to frequent changes 
owing to the action of the sea. 

AERIAL PHOTOHYDROGRAPHY. 

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

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

A well-surveyed area near Key "\Vest was chosen, and the vessels 
proceeded on parallel courses over this area at full speed, the plane 
fiyinO' forth and back above the course. 'i'he courses and positions 
of tl~e vessels were recorded as in ordinary sounding work. The 
photographer in the plane recorded the ~xact time that each exp~sure 
was made, with other data such as alt1tu<le, exposure, plate, filter, 
etc. Each photograph was later. oriented by plotting the positions 
of the vessels on the chart at the rnstant the exposure was made. 

These e~periments proved v~ry conclusively ~hat photowaphs from 
the air usmO' present-day eqmpment, are of little practical rnlue to 
the hydrogr;'pher. 'Vhen any of the underwater features did appear 
in the photographs, contmst in color was the most prominent, with 
no indication as to whether the contrast indicated shoal or dc>ep 
water. Vari-colored bottom, of uniform depth, appears in the 
photograph as app~rent difference i:IJ depth: Mai:iy charted shoals 
are not indicated m the photographs, while adJacent ones show 
clearly. Taken altogether, the r~sults are so uncertain that the 
chances of eliminating field work rn hydrography are very remote. 
Developments in the art of photography may change this viewpoint. 
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REVISION OF THE COAST OF NEW JERSEY. 

In March, 1920, the Army Air Service photogmphed the coast line 
of New Je1·sey :from Cape May to Seabright. A single flight was 
made, using the k-1 camera. 'the plane flew at an altitude of 10,000 
feet, and under very good air cond1tions. The camera was mounted 
in gimbals, with a lead weight at the lowest point to assist in main­
taining the optical axis of the camera in a vertical position. Level 
bubbles were placed on the camera to aid in keeping the camera in 
the proper position. The photographs are being used for a revision 
of the charts of the coast of New Jersey. The individual photo­
graphs are 18 by 24 cm. in size, and the approximate scale is 1: 10000. 
The photographs are mounted in strip mosaics, for convenience sake, 
not over 4 feet in length. The length is generally determined by 
the position of contro.l points. This composite photograph is com­
pared with the topographic sheet of the same area and control points 
identified. 'l'he scale of the photographic mosaic is determined, and 
by means of the pantograph the data are re<luced to the sci1le of the 
chart and transforred from the photographs to tracing paper. 

The photographing of this 120 miles of coast line took less than 
2 hours' time in an airplane. The development of the films and 
printing took 2 days' time of one man. Two rolls of film were use<l, 
a total of 183 )?hotographs. The work of interpreting; the photo­
graphs, assemblrng mosaics, comparison with topographic sheets, and 
reduction to the scale of the chart of the outside shore line required 
15 days of office work by one engineer. 



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

DIVISION OF HYDROGRAPHY AND TOPOGRAPHY. 

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

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

The division also has supervision over the five field stations, 
located at Boston, New York, New Orleans, Seattle, and San Fran­
cisco, respectively, and over the o~ce. a~ Manila, P. ~' The field 
stations are :for the purpose of mamtammg close relat10ns between 
the Bureau and those who have occasion to use its charts, publica­
tions, and data, and to keep the Bur~i~u infopnetl of ~he needs for 
further work in these general localities. 'I hey are m charge of 
hydrogruphic and geodetic engineer~, but undertake no s_urveys unless 
specifically directed to <lo so by this Office. The Mamla office per­
forms all of the functions of 'a field station and, in addition, has 
direct charge of all surveys in the Philippi:i;ie Islan.ds. and much of 
the office work incident to these surveys. Tins office 1s m charge of a 
hydrographic and geodetic engineer, with the title of director of 
coast surveys. 
. This report gives a general statement of the work performed dur­
ing the year under the direction of the division by the various field 
Parties the field stations, the Manila office, and, finally, a resume of 
the wo~k of the four sections. Detailed statements are given in the 
reports of the chief of parties. 

FIELD WORK, ATLANTIC COAST. 

Vessels.-The Bache at the beginning 0£ the fiscal year was at 
Norfolk, Va., preparing to take up work at the entrance to Chesa-

89 
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peake Bay. Some difficulty was encountered in obtaining firemen, due 
to the abnormal marine-labor situation, so that field work was de­
layed until August 11. Hydrography was then begun off the Vir­
ginia coast between Virginia Beach and Cape Henry. This work, 
which was all hand-lead sounding, was done outside the 3-fathom 
curve, extending seaward to the limit of fixed positions. Durin(}' 
September and October simultaneous tidal observations at Fishe!­
mans Island and also at a point about 8 miles off Cape Charles 
were made. During November and until December 23 the vessel was 
undergoing repairs at Norfolk, Va. During this time a party worked 
from the vessel on a special hydrographic survey of the naval oper­
ating base at Norfolk requested by the Navy Department. On De­
cember 23 the vessel sailed for Pensacola, Fla., to take up work on 
the Gulf coast. During the period from January 1 to 20 the vessel 
'YaS enO'aged in a search for a reported shoal off the mouth of South 
Pass, Mississippi River. Sounding lines were run, and enough 
soundings beyond the 100-fathom contour were taken to show the 
improbability of shoals in that locality. On January 24 the vessel 
returned to Pensacola to take up work in cooperation with the 
s~eame: Ranger·. From February until May this vessel, in conjunc­
tion with the Hanger, was engaged on the offshore hydrography just 
west of the eighty-seventh meridian. The work was of the usual 
character for offshore hydrography on the Atlantic; soundings were 
fixed in position by horizontal sextant angles on shore signals and 
buoys to the limits of visibility for each and thence by precise dead 
reckoning. The weather conditions during this period were not 
favorable, and during the month of March little field work was done 
on that account. During the early part of May p.reparations were 
made to sail to Norfolk. The vessel left Pensacola during the early 
part of the month, arriving at Norfolk on May 14, when she was dry­
docked and given some minor repairs. Under date of May 26 in­
structions were issued for inshore and offshore hydrography from a 
junction with work recently completed off the Delaware Capes north­
ward to the entrance to New York Harbor. This work was begun on 
June 1G and was in pro~ress at the close of the fiscal year. 

The I sis at the beginnmg of the year was in Baltimore, Md., under­
going repairs prior to taking up a hydrographic survey from and 
including the Delaware entrance to New York Harbor. So much 
repairing was necessary on the return of this vessel by the Navy on 
April 30, 1919, that she was not ready for survey work until August 
14. Supplies were then taken on board and the vessel proceeded to 
Lewes, Del, arriving on August 26. The survey of the Delaware en­
trance was in progress until October 21, when the vessel closed this 
work and proceeded to Washington for special duty ordered by 
the Secretary of Commerce. After completing this duty she pro­
ceeded to Bnltimore on November 5, where she received further re­
pairs until December 11. The vessel then went to Norfolk for stores 
and supplies and on December 19 proceeded to the coast of Florida, 
in accordance with instructions dated December 17, 1919, to take up 
offshore work in the vicinity of St. Augustine. On January 15 the 
18is, while engaged on this survey, struck. the submerged wreck of 
the dredge Florida and was beached about 6 miles southeast of St. 
Augustine to prevent sinking, the inflow of water being too great 
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for control by her pumps. Immediately after the ve~sel had been 
beached temporary repairs were begun and efforts made to pump her 
out and float her. Meanwhile all movable property was transferred 
to the shore. A Coast Guard cutter was dispatched to assist the I sis 
and stood by as long as she could be of any assistance. Calm weather 
and a smooth sea at the time the vessel was beached gave reason to 
hope that she might be saved, but before adequate wreckmg appara­
tus could be assembled and taken to the wreck an easterly storm un­
di.d all that had been accomplished. The vessel filled with water 
and settled steadily into the sand until it appeared useless to continue 
the cost of wrecking operations. ~he was therefore sold on January 
27 with such equipment as could not be removed . 
. The Ranger at the beginning of the fiscal year was en route to Mo­
bile, Ala., to take up a survey of the Gulf coast in that vicinity. The 
vessel arrived at Mobile on August 2, and on the 11th of August took 
up its station at Pensacola, where the work was commenced. From 
beptember 11 to 14 the work was interrupted by a hurricane which 
swept the Florida Keys. Good progress in hydrography was made 
during the first half of the month of October, but unfavorable weather 
eonditions made work lag during the latter half of the month, which 
continued into November. Some progress was made, however, on 
the hydrographic survey from longitude 87° westward to the Mis­
sissippi Delta and from the coast out to the 100-fathorn curve. Dur­
ing December suitable periods between bad weather were devoted to 
a hydrographic resurvey of the entrance to Pensacola Bay, and the 
work was continued until April 21. The topography of the shore 
line of the Gulf of Mexico was completed from the entrance to Pen­
sacola Bay westward to the entrance to Perdido Bay, fulfilling the 
instructions already issued. Hydrography of the Gulf was con­
tinued off Perdido Bay entrance, and the inshore work was completed 
to a junction with the HHS work on the Hydrographer. Bids for 
repairs were opened on April 17, and on the 22d the vessel was taken 
to the yard for repairs. Field work on the hydro~raphy of the 
Gulf was resumed on May 15 and was continued to the close of the 
fiscal year. 

'l'he Onward on July 1 was engaged on a survey of Hampton Roads. 
'"!'his survey was completed early in September, but the vessel was 
not able to leave the vicinity until t~e 27th, owing to the diffic!1lty of 
-securinO' a chief enO"ineer. Early m October the vessel arrived at 
boboy "'sound, Ga., 

0
and took up a hydrographic resurvey of that 

body of water and approaches from seaward. Bad weather hin­
dered the work at its inception, but fair progress was made. On 
December 24 this work was completed and the vessel sailed for 
Savannah, arriving the next dn;y. During January and February 
the vessel was undergoing repairs at Savannah, Ga. On March 8 
the vessel left Savannah, arriving at Oriental, N. C., on the 22d, the 
delay being due to bad weather and the weakened condition of the 
\.·essel, which made it hazardous to leave protected waters during 
~tormy weather. During April work was done on the signal build­
l~g and triangulatiopi s?me topography and.hydrogr~phy in Adams 
Creek and in the vicmity of vriental. Ham and wmds hampered 
~he work considerably. 

0

The work in Adams Creek was completed 
in May, and the Oriental Harbor work and that of adjoining creeks 
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was completed except at the head of Kershaw Creek. On June 25 the 
vessel left Oriental and proceeded to Elizabeth City to make emer­
gency repairs to the machinery. 

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

PartiM.-Two wire-<lrag parties operated on the Atlantic coast 
during the first half of the fiscal year, but lack of funds and shortage 
of officers prevented resumption of this work during the second half 
of the year . 
. 'Vire-drag party No. 1 was employed on a survey of Block Island 

Sound, with headquarters at Block Island, R. I. A reef south of the 
island with only 34 feet of water over it and more than 60 fathoms 
around it was discovered. Seventy square miles were covered in 
the offshore areas east of Block Island, and some inshore work in the 
vicinity of Point Judith and south of Block Island was accomplished. 
The party closed work in Block Island Sound on November 3 and dis­
banded. The launches were hauled out and the dragmaster and 
marine engineer of the party were assigned to remain in charge of 
them and prepare the equipment for the next field work. 

Wire-drag party No. 2 was em:r>loyed on a survey along the New 
Bngland coast from Portsmouth, N. H., to Portland, Me., with head­
quarters at Cape Porpoise, Me. On November 3 the party closed 
work and disbanded. The launches were hauled out and put in 
charge of the dragmaster and marine engineer, who were assigned 
to work on the drag equipment during the winter. 

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

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

Upon the return of the Stt1!1Jeyor from duty with the Navy and 
vessels transferred to this Bureau from the Na'vy Department, plans 
were made to obtain deep-sea soundings in the 'Atlantic, Caribbean, 
and Pacific while the Yessels ""f'l'e en route to their respective work­
ing grounds on the Pacific coast. The routes laid down were par­
allel and adjacent to the commercial route from the Atlantic to the 
Pacific coast ports via the Panama Canal. The routes were sepa­
rated approximately 20 miles, with arrangements for soundings at 
intervals of 40 nautical miles. Much vahrnhle information for 
charting purposes was obtained. . 
. Sialia.-At the beginning, o_f the fiscal year the vessel was at Ba.l­

t1more, Md., undergoing repturs by the Navy Department, prepara­
tory to transfer to this Bnreau. The vessel was turned over to this 
Bureau on October 6 and sailed :for Panama en route to the Pacific 
coast with instructions to take deep-sea soundings at stated intervals 
While en route. In accordimce with this, soundings were obtained 
alon(J' the track as far south as the Bahama Banks. '\Vhen down 
to the Bahama Banks both boilers and some auxiliary machinery 
failed, and the vessel proceeded in tow to Ke;v '\Vest for repairs. The 
repairs continued until November 25, on wlnch date the Yessel sailed 
again for the Pacific const: On that. date .it was reported by tele­
graph that the' Sialia's condenser was leakmg and pumps cracked. 
'I'he vessel reported her location at N uevitas, Cuba, and stated that 
the repail's by the ship's force would re9uire one week. The repairs 
were continued during December, and m the early part of January 
the vessel left for Key West, arriving there on January 11. It was 
decided that she should return to Norfolk or Charleston under her 
own steam if this were possibl~, and an add~tional chief engineer 
a;nd assistant engineer were detailed to .her to msure. that every pos­
sible care would be given to her machmery and boilers durmg the 
passage. She got as far as Charleston, S. C., but could not round 
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Hatteras becaus.e of boiler ~rouble,. It appeared evident that this 
vessel was unsmtable for this service and that she did not warrant 
the cost of putting her in serviceable condition. Accordingly she 
was returned .to the Navy Department on March 15; 

The Lydonia was transferred to the Coast and Geodetic Survey 
from the Navy on August 7. She sailed :from Norfolk on Au(}'ust 31 
for the Pacific coast via the Panama Canal and arrived ~t San 
J1""rancisco during October. While en route she took soundings along 
the steamer track from Norfolk to Panama and from Panama to 
San Diego. Three soundings of 178 198, and 363 fathoms were 
taken.;_in latitude 29° 29', longitude 117° 15' (190 miles due south of 
San lJiegp), where the nearest soundi:r~gs shown on the chart are 
about 2,000 fathoms. On arrival at San Francisco preparations 

·were made for offshore hydrography off the coast of California, from 
Uape Mendocino to Point Arena, which work was started on Novem­
ber 19, 1919, at Humboldt Bay. This work was continued until 
Febr:uary 4, when the vessel returned to San Francisco preparatory 
to undergoing repairs and outfitting for summer work in Alaska. 
On April 10 the vessel sailed for Seattle, en route to the field work 
in southeast Alaska, to take up topography and inshore hydrography 
along the west coast of Dall Island, northward from completed work 
in the vicinity of Cape Augustine. The launch Oosnios was used 
in this work. This work was in progress at the end of the fiscal 
year. . 

The Arc~r'lfs, which had been received from the Navy just prior 
to the beO"mµmg of this fiscal year, had been brought from New 
York to Norfolk, where she was Jaid up and her crew transferred 
to the Lydonia because o:f lack of personnel to operate both vessels. 
After a thorough survey of this vessel and with the knowledge de­
rived from her performance on the passage south, it was decided to 
return her to the Navy. She was delivered on January 14. . 

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

The Wenonah arrived at San Diego, Calif., on July 17, en route 
:from Norfolk, Va., to San Francisco. Some difficuity was expe­
rienced in obtaining coal during the passage from Panama, and 
because of the vessel's limited bunker capacity she was obliged to 
take on a small amount 0£ coal while at sea. The lVenonak's track 
was laid down about 20 miles distant, parallel to those laid down for 
the vessels which preceded her to the west coast. Soundings were 
obtained at regular intervals throughout the voyage. After re­
ceiving stores and outfit at San Francisco the vessel took up work 
in the vicinity of Cape Mendocino and the survey of Humboldt Bay 
when weather conchtions prevented outside work. A party from 
the vessel, using the United States Engineers' launch Clyde, was 
employed on the hydrographic survey of Humboldt Bay. A large 
area extending from Cape Mendocino to about the entrance to Eu­
reka Bay and between the 20 and 200 fathom curves was completed 
and a few lines of soundings were taken out to a depth 0£ 500 
fathoms. This work was in progress until January, when the vessel 
proceeded to San Francisco for repairs and outfit for Alaska work. 
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At the close of the fiscal year she was engaged on hydrographic and 
topographic surveys in Clarence Strait, southeastern Alaska, from 
Dixon Entrance northward. · 

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

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

Parties.-From July, 1919, until March, 1920, a party was em­
ployed in Lake Washington dragging for submerged trees which, 
since the lowering of the level of the lake, lutd become a menace to 
navigation. .The work wa~ conducted at first in accordanc~ with 
the usual wire-drag practices, but as the work developed it was 
found that other means were necessary for locating the trees with 
sufficent exactness to enable a snag boat to remove them. A special 
form of sweep was devised which gave excellent results. A total of 
172 submeraed tr~es were located by this party and removed by the 
United States Engineers. Some were over 100 feet long and one 
140 feet. The tops of these tree.s wer.e :froip 4 to 30 fee~ below ~he 
surface of the water. In connection with this work the tnangulat10n 
and topography of the shores. of Lak~ Washington were r~vised. 

A party was organized durmg Apnl and b~gan on April 19 a re­
su:vey of Umpqua River and bar, Oreg. ~lus survey wns ordered 
Primarily because of the reported uncertamty of ~he deptl~ that 
could be carried over the bar at the entrance to the nYer, but it was 
found that important ~ch:u~ges had taken place 'Yithin the riyer, and 
a complete survey to bardrner was ordered. Tlns work was m prog­
ress 011 June 30. 

At the beo-inning of the fiscal year a party was at work on the 
coast of Cali"fornia, in the vicinity of Eureka, recovering old triangu­
lation stations, erecting signals, and establishing new stations where 
required for the control of hydrography off this coast. This work 
was extended to include the coast :from Cape Mendocino to Point 
Reyes. Work was completed in October. 
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FJI~LD STATIONS, ATLAN'l'IC AND l'ACH'IC COAS'l'. 

I:'iel~ stations, each in charge of an officer of the Survey, were 
marntamed at Boston, Nmv York, New Orleans, Seattle, and San 
.Francisco. At these stations the public may consult any of the 
charts and pnblicntious of this Bureau, the publications of the Bureau 
of I.,ighthouses, and may obtain information concerning- such sur­
yeys as have been made in the district or are contemplated. Coast 
and Geodetic Survey charts, coast pilots, and tide tables are sold at 
all field stations. The inspectors in charge of the stations are re­
quired to keep themselves informed concerning changes affecting 
the charts of their districts and to report to the director of the Sur­
vey as to what additional snrveys or resurveys are necessary to meet 
the requirements of navigation. The inspectors often perform many 
other duties in connection with the work of the Bureau in t.hei

0

r 
respective districts. 

The inspector in charge of the Boston field station determined 
the ~eographic position o:f and marked an azimuth line from the Navy 
racho-compass station at Chatham, :Mass., on request from the Navy 
Department. He also did chart-revision work in that locality. 
- The inspector in charge of the New York field stati~n. directed a 
hydrographic resurvey of Gravesend Bay and a rev1s1on of the 
shore line. He also supervised a tidal and current survey of the 
waters of New York lrnrbor from .July to December, 1919. The 
completion of this work has been deferred to the next fiscal year be­
cause of insufficient funds during this year. 

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

The inspector in charge of the Seattle field station had supervision 
over the tirlal stations at Seattle and Olympia and the current sta­
tions on the four light vessels of the coast of Oregon and Washing­
ton. He was in charge of the Bureau's vessels and launches which 
were laid up at Seattle without a commanding officer and attended 
to the upkeep and repairs of these craft: He also cooperated with 
the officer in charge of the Lake "\Vaslungton work and with the 
commanding officers and chiefs of parties operating out of 8eattle. 

The inspector in charge of the San Francisco field station, assieted 
from time to time Ly others of the service, performed the necessary 
field work and. pre.pared for publication a pamphlet giving tl11:' 
ranges available in San Francisco Harbor for adjusting ship's com­
passes. The former publication•on this subject antedated the San 
Francisco fire, which destroyed many of the older rang~s., and sin~e 
the city was rebuilt there has been need for a new ed 1t10n of tlns 
work. The publication will come out during 1920. 

l'IEJ,D wonu:, PHILIPI'JNE ISLANDS. 

Vessels.-The Pathfinder, on July 1, was at the Olongapo naval 
station undergoing extensive repairs, upon the completion of which 
she on September 1B proceeded to Manila to take on supplies. After 
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coaling at Cavite, she sailed £or he.r field of operations on the north­
west coast of Mindanao, on September 27, and took up combined opera­
tions along the coast, from Blanca Point southwest to Coronado Point. 

Actual field work be~an on October 1 by searching for and locat­
ing a reef in Dapitan 15ay. A base line was measured in Sandigan 
Bay, the necessary signals built, and the work prosecuted until March, 
when the vessel returned to Manila for docking and to transfer com­
manding officers. On April 21 she again proceeded to the working 
ground and was engaged in deep-sea sounding work in the Sulu Sea 
until June 23, when she returned to Manila for docking and repairs. 

On June 30 she was in the naval dry dock at Olongapo. 
The F atlwmer was at Manila on July 1 for transfer of command, 

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

The" Romblon."-On July 1 the R01nblon was in Ragay Gulf mak­
ing a special survey of the Vinas River. This work was completed 
on October 7. 

In the meantime the vessel was at Manila from August 15 until Sep­
tember 3 for minor repairs to .the boiler. On October 7 the Romblon 
proceeded to the southwest coast of Palawan and resumed the work 
begun the previous year. This work was prosecuted until January 
10, when the northeast monsoon made work in that locality implac­
ticable. Some necessary repairs were made at Manila, and on Feb­
ruary 20 the vessel left Manila for Zamboanga, for work on the 
southern coast of Basilan Island. This work was continued until its 
completion on April 27, when the change of I?-Onsoon permitted the 
resumption of work on the Pala wan coast. Tlus work was prosecuted 
:from April 27 until June 20. The vessel then proceeded to Manila 
for a general overhauling and was there at the end of the Y,ear. 

The M arinduque was returned to the Coast and Geodetic Survey 
by the bureau of labor of the Philippine Government on July 7. 
She was in a run-down condition and needed immediate repairs. 
Repairs were completed on September 26. Field work was begun 
on the west coast of Zamboanga Peninsula, from the line Lampin­
igan-Sanfl'boy and continued northward until February 21, when 
it was suspend~d and the vessel returned to Manila. 

Owing to a lack of field officers, no further field work was done 
during the year. . 

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

PHOTOGRAPHIC SURVEYING • 

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

12783-2<>--7 
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quently made by the air services o:f the Army and o:f the Navy for the 
purpose o:f determining experimentally how accurately the country 
could be mapped from such photographs. A mosaic o:f Atlantic City 
constructed from these photographs, together with the individual 
photographs, were studied with reference to the control. At the same 
time the party on the Survey steamer Hydrographer was experiment­
ing near Key West, Fla., with airplane photographs of water areas to 
determine to what extent, if any, submerged objects and the nature 
of the bottom could be detected on such photographs. These photo­
graphs were taken by the Navy air service officers stationed at Key 
West. 

The results obtained from the Atlantic City experiments, while in­
conclusive and, on the whole, rather unsatisfactory, still indicate 
that airplane photography may be.of great assistance in mapping the 
land. The results of the Key West work indicate that with present 
photographic equipment no dependable information can be had of 
underwater conditions. Because of the very important part tl~at 
airplane photography will certainly take in land surveying if some 
of the obvious difficulties can be overcome, it has been considered 
worth while to devote as much study to this subject as practicable. 
One officer has been detailed to devote his entire time to the subject 
and has been given the best facilities for investigation that the Bureau 
can supply. He has been in close communication with those who are 
working on this ~nd allied subject~ at Washi?gton and elsewhere. 
He represented this Bureau at a series of experiments conducted last · 
spring at Dayton, Ohio, by the Air Service of the Army. It is be­
hev..ed that substantial progress has been made during the year, al­
though the disorganized condition of the air services, as the result of 
demobilization of the Army and Navy, has necessarily retarded 
experimentation. 

SECTION OF FIELD WORK. 

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

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

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

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

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

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

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

Estimates submitted for operating expenses and repairs were re­
viewed and prepared for the approval of the ~hief of the. di vision .. 
. Marine services.-Reports and ~eturn~ submitted b:y vanous parties 
m connection with the work of this sect10n were received and filed. 

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

COAST PIJ;;OT SECTION. 

Durin(J' the vear this section completed work on the Philippine 
Islands Coast Pilot, part~' and it was dis.t~ibuted in Septe:t?,ber, 1919. 

The section revised and issued a new ed1t10n of the Hawanan Island 
Coast Pilot Notes; the Inside Route Pilot, New York to Key West; 
and the Inside Route Pilot, Key West to New Orleans. Field work 
Was done along the coast of New Jersey for a new edition of the 
publication covering the inland waterways of that State. 

Durin(J'. the year such supplements and corrections were issued :,is 
Were nec~ssary to keep the information in all volumes up to date. 

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

The record of the issue of coast pilots in recent years is interesting 
as indicating the usefulness of these publications. As these volumeeo 
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are sold at a price sufficient to defra;v the cost of printing ( 50 cents), 
it is obvious that the number sold furnishes an accurate measure of 
the public demand. Each year marks an ever-increasing demand 
for them. The following is the record of the issue for the fiscal years 
from 1913 to date: 
1018 __________________________ 3,797 1917 _________________________ 7,952 
1014 __________________________ 4,148 1918 _________________________ 12,913 

JDl~-------------------------- 4,016 1919 _________________________ 13,315 
] [)l(j_ _________________________ 5, 602 1920 _________________________ 15,261 

SECTION OF TIDES AND CURRENTS. 

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

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

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

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

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

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

Tide tables for year-

1915 ••••••••••••••••••••••••••.••••••••.•••••••••••••••• 
1916 •••••••••••••••••••••••••••••••••••••••••••••••••••• 
1917 •••••••••••••••••••••••••••••••••••••••••••••••••••• 
1918 •••••••••••••••••••••••••••••••••••••••••••••••••••• 
1919 .•..•..•.•••••.•••.••••••••••••••.•.••••••.•...•••.• 
1920 (six months) ......•..•...•...••..••......•...•.... 

General 
tide 

tables. 

1, 776 
1, 195 
1,847 
3,331 
3,945 
3, 181 

Atlantk 
coast tide 

tables. 

2,291 
~ 682 
3:998 
3,997 
4,465 
4,447 

Pacific 
coast tide 

tables. 

10,989 
10,565 
13,560 
13, 959 
14, 952 
15, 122 

Total. 

15,056 
14,442 
19,406 
21,287 
23,362 
22, 750 

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

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

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

To the prC'sent time appropriations for current observations have 
been so small as not to permit the maintenance of a vessel for the 
purpose of making a detailed, systematic study of the treacherous 
and little-known currents of tlw' Pacific coast. The Survey has al­
rendy made use of all other possible agencies for securing data. Cur­
rent· observations are bein_g made at the five light vessels along the 
coast, and masters of coastwise steamers send in reports regularly. 
But it is obvious that a more systematic effort is necessary, since the 
distance between light vessels is too great for securing all data re­
quired. 

The problem of the currents alon~ the Pacific coast inv<?lves the de­
termination of both tidal and nont1dal currents; and wlule the tidal 
currents at any place may be determined with su~cient iw·nracy 
from observations covering a month or more, the nont1dal current re­
quires observations coverinO" several years. 
. In its current work, at i~resent, the _Survey is primarily engaged 
in the practical detC'rmination of the cx1stC'~cc and nature of the cur­
rents affecting navigatio:r:· At the snme ti.~e and at the same c<?st, 
however, it is accumulatmg the da~a reqms1te for. a comprehensive 
study of the problem which has an imp~rtunt bearmg upon meteor­
ology climatology and other related sub1ects. 
Fo~ a systemati~ study of the ~urrents on the Pacific. coast, it is 

planned to continue the observations aboard the five hirht vessels 
stationed off the coast, to continue and extend the repoits of voy­
ages from masters of coastwise vessels, and to employ one Coast and 
Geodetic Survey vessel, equipned for anchoring at critical points 
between the widely separated light vessels, to secure at these points 
cur1·0nt observations of several weeks' duration. 

· · If this project is carried out, two or three seasons' work will provide 
sufficient data to enable the Survey to predict the tidal current for 
repr"esentative regions covering the" entire coast, to discover any per­
manent currents and their seasonal variations, and to devise rules en-
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abli~g the marin~r to make proper allowance for changes in the di­
rect10n and velocity of the current due to winds. 

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

DIVISION OF GEODESY. 

FIELD WORK. 

The details of the field work done under the direction of the divi­
sion of geodesy during the year are given under the heading " Details 
of Field Operations." 

The principal operations undertaken are here summarized as 
follows: 

In the summer and early :foll of 1919, a reconnoissance was made 
for primary triap.gulation in northern California and northeastward 
fro!ll the vicinity of Klamath Falls to the vicinity ~f Ontari?, Oreg. 
Tlns work was requested by the officers of the Forest Service in order 
that precise geographic positions might be available for the control 
of surveys of the national forests. 

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

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

Seven three-fourth-ton automobile trucks were purchased in the 
early spring for the use of the geodetic parties. Six of these trucks 
are 

0

being used as a means of transportation by this party through 
very rough country, which will furnish a thorough test of their 
efficiency. 

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

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

At the beginning of the fiscal year 1920 a leveling party was work­
ing on the line 0£ precise levels which extends southward ·:from t,he 
vicinity of Klamath Falls, Oreg. The line was completed to Rose-
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ville, Calif., where a connection was made with previously established 
bench marks. 

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

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

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

About the 20th of June the charge of the party was transferred. 
The leveling in California and in Oregon was requested by the 

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

After some correspondence with the Director de Estudios Geo­
graphicos y Climatologicos of Mexico, arrangements were made to 
connect the P!ecise triangulation of Mexico in Lower California with 
that of the United States in southern California. An officer of the 
survey took charge of field operations, and, in cooperation with an 
engineer of Mexico, completed the necessary observations to connect 
the systems of the two countries. The g-eodesists of Mexico have 
shown a splendid sp~rit of co?peratio~ with the geodesists o:f the 
United States in havmg the triangulat10n systems o:f the two <'oun­
tries connected and placed on the. same datum ; that is, the North 
American datum. This is an adm~rable arrangement, :for it insures 
tha~ the maps made along th.e M~x1can bounqary bY. ~exico and t~e 
Urnted States will harmomze m geograplnc pos1t10ns. The tri­
angulation systems of the two c<?untries had previously been con­
nected in the vicinity o:f Brownsville, Tex. 

In the latter part of the previous fiscal year trian~lati<?n had b~en 
berrun in the State o:f Utah to supplement the precise triangulation 
of the transcontinental arc. The lines between stations of this arc are 
so lonrr that it was impracticable to use them for :forest surveys 
without having additional stations established. This work in Utah 
was continued after the beginning of the fiscal year and completed in 
the fall of 1918. In carrying on this arc of triangulation in Utah 
for the especial benefit of the Forest Service the local officials of that 
service rendered valuable assistance to the chief of party, and at some 
of the stations the observations were made by engineers of the 
Forest Service to supplement the work done by this party. 

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

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

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

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

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

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

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

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

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

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

Simultaneous readings were made-that is, there were two rods 
and two instruments involved in the river crossil1g-in order that 
the effect of the atmospheric refraction could be eliminated. 

The results of this crossing were entirely satisfactory to the office, 
and the indication is that this method will be extensively used in 
the future in similar work. One of the problems in precise levelino­
~or many years has been the difficulty of making a satisfactory cros; 
mg of 'vide bodies of water. 

The leveling, trianrrulation, and traverse discussed in two or three 
precedino- parao-raph~ were called for by the Chief of Engineers of 
the Unit~d States Army, in order. ~o furnish geographic positions 
.and elevations for the control of military maps and surveys. A por­
tion of the expense of this work was met by transfer of funds from 
the War Department. 'fhe building of. signals and the preparation 
of stations were done by a party orgamzed for the purpose. D pon 
the completion of signal building, etc., on this arc of primary triangu­
lation and traverse, the building party proceeded to Oklahoma and 
began the erection of signals in that State along the Little Rock­
El Reno arc. 

On October 22 precise triangulation was begun and was extended 
westward in Oklahoma until the winter weather necessitated the sus­
pension of the work. 
. Two officers were engaged during practically the entire fiscal year 
in the determination of the differences of longitude in Texas, Louisi­
ana, and Arkansas. Some of the work was in western Texas, along 
the Rio Grande arc, some was along the Waco-Mississippi River arct 
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and the remainder consisted in the connection of the last longitude 
station established in Louisiana with the old longitude station at 
Little Rock, Ark. 

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

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

A revision of the traverse to the no1thward of Griffin, Ga. On 
completing this work a revision was made of triangulation in the 
vicinity of Sanford, N. C. 

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

At the close of the preceding fiscal year a precise-leveling party 
had completed the line between Troy and Whitehall, N. Y. The 
party was then moved to Houses Point and began running a line 
westward through the northern poi ti on of New York. The work 
was connected late in November with another line of precise levels 
which had been run during the summer of 1919 from the vicinity 
-0f Niagara Falls to the vicinity of Williamson, N. Y. These lines 
of levels were run nt the suggestion of _the. officials of the Geodetic 
Survey of Canada in order to test certarn Imes of l~vels by the two 
nations which are joined at the international boundary. The idea 
-0f the United States Coast and Geodetic Survey and the Survey of 
Canada is to have the elevations in the leveling systems of the two 
countries harmonize wherever the leveling crosses the international 
boundary. 

A field party was engaged during the fall and early winter of 
1919 in the vicinity of Norfolk, Va., on the establishment of a speed­
trial c~:mrse for hydroplanes for the United States Na~J:· The work 
was difficult on accoimt of unfavorable weather concht10ns and un­
avoidable lack of proper equipment and personnel in the party and, 
in consequence, was abandoned until a more auspicious time. 

During the latter part of the fiscal year another officer took up the 
work of establishing this course for the Navy hydroplanes in the 
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vicinity of Hampton Roads and this work was in progress on Jime 
-00, 1920. 

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

A reconnoissance for the primary triangulation of Puget Sound, 
1Vash., was completed during the year. It was originally intended 
to complete the trinngulation during the fiscal year, but, on account 
of the great expense, this work was postponed for the time being. 
The triangulation is to start in the vicinity of the Tacoma base net 
and extend northward to the vicinity of Point Roberts. It is a part 
of the arc which will eventually extend from the United States 
through southeastern Alaska and down the Yukon River into Alaska. 
1Vhen it is finally completed, it will be possible to put all the geo­
graphic positions in Alaska on the North American datum. 

In the spring of 1920 the geographic position of the radio-compass· 
station at Fox Hill Island, Chatham, Mass., t1nd the true azimuths 
of several prominent objects from that compass were determined. 
The work was done at the request of the Navy Department. 

In February and March, 1920, n determination was mnde of the 
geographic positions oft. he radio-compass stations at Pass a Lontre, 
South "\Vest Pass, and Grand Isle, La. The true azimuths of several 
prominent objects from those stntions were also determined. 

In August, 1919, at the request of the Navy Department, the geo­
graphic positions of the radio-compass stat10ns in the vicinity of 
Cape Lookout, N. C., were determined. A true north-and-south line 
throu()'h the center of the shaft of the radio-compass coil was estab­
lished~ 

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

Before these new pendulums could be used in the field it was neces­
sary to test them thoroughly in order to determine certain co1?-stants 
used in the computations and t.o find .out what effect the magnetic fie!d 
of the earth will have on their per10ds. These tests were begun m 
January and continued until about the first of May. Seventy-two 
swinQ'S each about 12 hours in duration, were made during this time. 
Obse~v'ations and computations to determine the magnetic conditions 
of the pendulums were made by the chief of the division of terrestrial 
magnetism. ' 

'Iri regard to the magnetic .effect, the re~ults show that the perio4s 
of the invar pendulums are different for different degrees of magneti­
zation of the pendulums, a decrease of more than four millionths of 
a second having been found in the period of one of the pendulums 
a.fter slight ma&'netization. This corresponds to more than four 
times the allowable probable error for gravity determinations. 

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

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

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

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

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

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

A number of American scientists were honored bv election to office­
in the various unions and their sections. The chief of the division of 
geodesy was elected president of the geodetic section of the Inter­
national Geodetic and Geophysical Union. He took an active part 
in the formation of the American Geophysical Union, which is a com­
mittee on geophysics of the National Research Council, and is called 
the National lJommittee for the United States of the International 
Geodetic and Geophysical Union. He was the acting chairman of 
the union during the first year of its existenre and was elected chair­
man for a term of two years at the first annual meeting of the union1 

which was held in the National Research Council, Washington. D. C., 
April 23, 1920. . . 

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

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

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

In M:1y an officer was designated as assistant chief of the .divisi~m 
of geodesy. About June 20, 1920, he started on an inspect10n trip, 
visiting first a party in Indiana. 

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

Durin()" the spring of 1920 the city of Flint, Mich., requested the 
Joan of ti'n instrument for use in a survey which is to be made of the 
city. It is understood that the survey is to be similar to that made by 
the city of New York several y~ars ago .. under the direction of. tlie 
Coast and Geodetic Survey. It is very .likely that the computations 
of the trian()"ulation will be made at this office. 

An officer ~f the Swedish hydrographic office was for a number of 
"Weeks at the office of the Coast and Geodetic Survey studying the 
J:nethods of this Bureau in ~carrying on its triangulation and other 
Work connected with surveys for charting purposes. It had been 
hoped that this officer could visit a geodetic party in the field, but 
there was no such party available on the Atlantic coast, and he did 
not feel justified in gomg to the western coast for such a purpose. 

DIVISION OF TERRESTRIAL MAGNETISM. 

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

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

MAGNETIC SURVEY. 

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

MAGNETIC OBSEHVATORIES. 

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

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

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

A seismograph was operated continuously at each observatory, and 
earthquakes were recorded as :follows : 
Porto Rico ____________ ~--------------------------------------------- 46 
Chefrenhnm -----------------·---------------------------------------- 34 
Tucson --------··---------------------------------------------------- 41 
Sitka --------------------------------------------------------------- 9 
IIonolulu ----------------------------------------------------------- 109 
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The observatory buildings at Cheltenham, Tucson, and Sitka were 
painted, and those at Sitka were reshingled. Repairs and alterations 
were made at Tucson and Honolulu, particularly the latter. Needed 
repairs at Vieques were deferred until it was seen what would be the 
effect on the magnetic instruments of an electric-light plant about to 
be put in operation not far away. A light auto truck was purchased 
for the Honolulu observatory to take the place of the horse and 
wagon. 

APPROPRIATIONS. 

The appropriation made by Congress for the United States Coast 
and Geodetic Survey in the sundry civil act for the fiscal year end­
ing June 30, 1919, was $1,614,280, divided as follows: 
Field expenses ___________________________________________________ _ 
RPpairs, vessels __________________________________________________ _ 
Ofiicers nnd men-------------------------------------------------­
Salnries, field-----------------------------------------------------
Office ------------------------------------------------------------
Office expenses-----------------------------------------------------

$494,600 
!56,000 

460,000 
256,000 
266,780 
80,000 

Totnl----------------------------------------------------- 1,613,380 
For the fiscal year ending June 30, 1921, the total amount appro­

priated is $2,041,447, divided as follows: 
Field eA'}lenses--------------------------------- -------------------- $524, 280 
Repairs, vessels--------------------------------------------------- 64, 000 
Altemtions to vessels---------------------------------------------- 14, 600 Officers and men _____________________ :_______________________________ 528, 000 
Salaries, field----------------------------------------------------- 510, 797 
Office------------------------------------------------------------ 308,270 
Office expenses---------------------------------------------------- 90,000 
Skylight over pressroom------------------------------------------- 1, 500 

TotaL--~--------------------------------------------~---- 2, 041, 447 

DETAILS OF FIELD OPERATIONS. 

HYDROGRAPHIC Al'"D TOPOGRAPHIC 'VORK, ATLANTIC COAST. 

MAINE. 

[J. II. HAWLEY.] 

Su~IMARY OF REsur.Ts.-Levellng: 2 permanent bench marks established, 1 mile of 
}evels run. I-Iydrogmphy : 1 square mile of area sounded. 29.85 miles run while sound. 
Ilg, 308 positions determined (double angles), 1,444 soundings made, 1 hydrographlc 

Sheet finished, scale 1 : 5,000. Wire-drag worlt : 198 squure miles of area draggert, ll63.4 
ID.lies run while dragging. 2,070 positions dPtermlned (6 angles), 62 soundings mane on 
Elboals, 1,362 supplemental soundings made, 1 tide station established. 

On July 1, 191!), wire-drug party No. 2 began the survey of the coast of Maine 
between Portsmouth, N. H., and Portland, Me., and carried on this work during 
the remainder of 'the season, using Cape Porpoise Harbor, l\Ie., as a workino­
base. The work originally contemplated was the survey of this const betwee~ 
the 3-fathom and 40-fathom curves from the northern limit of the work done 
In 1917 off Portsmouth Harbor eastward to the southern limit of the survey 
of the entrance to Portland Harbor rnnde .in 1914. After some progress had 
been made it became evident that all of this work could not be completed dur­
ing the season, and as the greater part of the future work in this region lies 
to the eastward, the work was planned to connect with the Portsmouth entrance 
survey and to be extended from this junction as far to the eastward as 
Practicable. , 

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

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

A hydrographic survey of Cape Porpoise Harbor was nrnde during the senson 
on a 1: 5 000-scale, using the tender Edna 111. 'l'his work consisted of a com­
plete sur,·ey of the dredged anchorage and entrance together with some work 
outside the entrnnce done to supplement previous suneys. 

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

Soundings were obtained by the tencler <luring the progress of the wire-drag 
work and l,3G2 supplemental soun<lings, well distributed over the direct area, 
were obtained. For the greater part of this work a registering shc>ave was 
used and prior to the receipt of this sheave fairly satisfactory results were 
obtained by using the stranded sounding wire gradunted in the same manner 
as u lead line and using small cloths, leather, etc., firmly attached with fine 
wire. 

On August 4 and 5 a subparty estnblished two new tidal bench marks at 
Portland, Me., and connected the automatic title gauge there with all bench 
ma~L -

Real.lings on the tide staff at Cape Porpoise were obtnined while hydrographic 
work was in progress and used for reducing the work. 

It was found that a sufficient number of ohjt~ct>.: for the control of the work 
had been located previously, and no triangulation was <lone during the season. 

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

MASSACHUSETTS, 

[W. C. HODGIONS.] 

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

The work of the inspector includes the collection of information in regard 
to the accuracy or the need for correction of the charts of that part of the 
coasts included in the first and second lighthouse districts; furnishing informa­
tion to the maritime and general public of information concerning the charts 
and coastwise navigation; the is!lue of charts nnd other publications to officers 
of the Government, to local agents, 11nd by direct i;;ale to the general public; 
the sale of buoy Ui;;ts published by the Bureau of Lighthouses. 

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

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

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

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

MASSACHUSETTS AND NEW YORK. 

[G. T. RUDE.] 

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

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

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

UHODI~ ISLAND. 

[F. B. T. SIEMS.] 

SUMMARY OF RESULTs.-Triangulation: 2 stations in main scheme occupied for 
horlzontnl ID<'nsures, 3 geographic positions determined. LeVf>ling: 5 permanent bench 
lllnrks <'Stnbl!shed, 1.3' m!lcR of levels run. Hydrogrnphy: Wil"<'·drag work-175 square 
llllles of area dragged, _201.4 miles run while dragging, 1,347 positions determined f double nngl<'B), 3:! soundings made, 10 retained soundings, scale of hydrographic sheets 

: 40,000 and 1 : 20,000. . 

Aftc~r discontinuing the tidal and current survey of Block Island Sound 
on June 30, 1919, arrangements were begun on July 1 for taking up wire drag 
in accordance with instructions. '.rile party was quartered at Block Island, 
ll. I., during entire season of field work. 

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

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

The field work assigned to the party consisted mainly of offshore wi;re 
dragging in the approaches of Narragansett Bay and Block Island Sound 
llnd the completion of worlr in Block Island Sound. 'l'he inshore areas to be 
dragged included the waters south of Block Island and thos~ along the Rhode 
Is:and shore westward from Point Judith. 

During the greater part of the season the party was seriously handicapped 
by generally unfavorable weather for offshore work. Also the inshore ureas 
Were m:;ed extensively for lobstering, thus limiting the p•·ogress. of the work 
here. The drugging being a considerable distance offshore, it required ideal 
Weather, principally a very clear atmosphere, accompanied by moderate 
Weather. '.rhis condition was very seldom obtained for an entire working day, 
and as the nfornings generally appeared unfavorable it was questionable 
Whether or not it woul<l be a(lvisab!e to make a long run to the worl;:ing 
grounds and later In the day obtain favorable seeing and other conditions . 
.A. more or less thick haze always accompanying the prevailing southwest 
Winds of this locality during the summer and early fall limited field work 
to areas close inshore for several periods of as much as 10 days. 

'l'he field work in general was planned so as to take advantage, if possible, 
Of favorable currents in going to and from the working grounds on long 
l'Uns a11rl also. whi1e dragging. In the latter case it was almost impossible to 
do otherwise on account of the strong currents. 'Vire-drag work in Block 
·~land was undertaken in July and August, in the approaches to Narragansett 

uy dm·ing September and October. Inshore areas were dragged when it 
~Us impossible to accomplish offshore work on account of poor visibility 
or rough sea . 
...., The offshore wire-drag work to the 20-futhom curve south of Narragansett 
.ouy and Sakonnet River and east'northeust of Block Island, joining with 
:Previous completed work, was completed with the exception of a few small 
areas to the eastwarcl and an area of ubout 30 square miles surrounding east 
grounu. Tile offshore ureas left unfinished by previous parties in eastern half 

T
of Block Island Sound were covered with the wire drug during the season. 

he inshore work south of Bloc!;: Island was practically completed. Some 
inshore work was also accomplished along the Rhode Islancl shore west of 
~'oint Judith; the grPater amount of this work, however, remains to be done, 
including some dragging off Point Judith. In all 175 miles were covered with 
tho wire drag dm·ing the season .. 

The new \Vire-drag launches with few exceptions were found to be excellent 
boats for the purpose for which they were designed. The ease of mnneuvering 
ihe launches while towing drng and the absence of engine trouble have added 
niruensely to the efficiency of the wire drag. 

12783-20-fl 
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At'l automatic tide gauge was kept in operation throughout the season and 
supplemented by tide observations made at Block Island while engaged in field 
worlc Three objects useful for control of hydrographic surveys in eastern Block 
Island were located by triangulation. 

An important discovery by the wire drag was made in finding a 34-foot 
bowlder in a general depth of 66 feet about H miles south of Blocli: Island. 
Several bowlders were found.close inshore along the Hhode Island Ahore. The 
offshore areas draggetl during the Reason were found to be fre'~ of ohstru<:tions. 

On Nov0mher !l, nfter a f:e\·ere storm periorl of five <lays. it was em1sirler1'c1 tllnt 
further resumption of field work would be uneconomicnl, ttnd the party left 
Bio('k Island on November 9 and proceeded to Fairhaven, Mass., for the purpose 
of hauling out the wire-drag launches and storing equipment for the winter. 

NmV YOilK. 

[JS.IAC WINSTON.] 

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

ThP <1Pties of the imme('tor include the sale and distribution of publications 
of the Coast and Geodetic Survey and Bureau of Lighthouses. 

Ne('essary repairs were made to the automatic tide-gauge station at Fort 
Hamilton, N. Y. 

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

Preparations were made for a tide and current survey of New York Hnrhor. 
A hydrogrnphic survey and revision of the shore line of Gravesend Bay, N. Y., 

was made under the direction of the in><pector using the launch Elsie III. This 
work beg:an July 28 and ended August 19. The field work of the tide and current 
survey was begun August 20 and continuerl until December 24, when work was 
susnenrh.>d for the. winter. 

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

A visit was made to Monmouth Beach, N. J., with a representation of the 
United Rtntes Rhipping Board with a view to the proposed establishment of a 
speecl-trlal course. 

Arlv!ce and assistance Wf're furnished the attorney general of the State of New 
York in a case concerning the ownership of Rockaway Point. ' 

Information for the corr!'etion of the charts, Coast Pilots, nnd title tnbles was 
ohtalnE>d from officers of the Government and others and transmitted to the 
oflke of the Survey In Washington. · 

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

Assistance was furnished to the officer in charge of the motor-boat show in 
February and the nautical exposition in April in arranging and explaining the 
exhihlts by the inspector, and the services of the clerk were. placed nt bis 
disposnl. 

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

The compilation of tidal data requested by the Bro0Tcl11n Eagle covering 10 
suborainate stations on Long Island for 1921 was completed. 

An irn,pection \•ias made of the sales agencies for publications of the SuneY 
in New York City, and a report on each was submitted. 

SUMMARY o.F 1rnsu1.Ts.-Pbyslcnl bydrogrnpby: 11) current stations occupied, 4 tide 
stations occupied, 12 permnnent bench marks established. 

A tidal and current survey of New York 11ar!Jor was nrn<le between August 20 
rmrl De ember 24, 1919, hy .Ta<'k Renior, urnle1· tile direction of the insrwetor ill 
charge of the field station at New Yorlc 

Mr. Senior Jive!l on the launch and had entire charge of the work an<l control 
of the launch and crew. 

The work was <lone unrler very <liificnlt, nmJ, at times, hazardous conditions, 
due to the congest.Pel traffic in Nl~w Yori< Harbor, night an<l day. At certain 
stations the current observations were nuHle only in the day, as traffic condi­
tions made it too difficult to work at night. On seYl~ral occasions It became 
necesAa1·y to cut the anchor line, when the- danger of collision with tows became 
imminent. 



REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 115 

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

The directi0n of the current was obtained by using floating poles immersed 
to a depth of 15 feet. 

A self-registering tide gauge was maintained at Spuyten Duyvil ut the Hud­
son River entrance to the Harlem River while the currPnt observations were 
1n progress. 

Self-registering gauges were in operation in the Hudson River under the 
Qir<'l'tion of the Corps of Engineel's, United States Army, at l~orty-second Street 
and Pier A, Battery, and the records at these stutions were used in redudng 
the current observutions. · 

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

'l'hree tide staffs were established in Kill Van Kull and readings were made 
While current observations were in progress in that locality. 

On August 25 the fin;t cm-rent station was occupied in the Hudson Rivet 
for 51 continuous hours. The current work at first was confined to the Hudson 
River and the Upper Bay. The 16 stations listPd in the instructions for above 
two locnlities were completed on November 13. Continuous day and night ob­
servations for 51 hours were obtained ut 12 of the 16 station.,;; day ol>serva­
tions of 4 days of 12 continuous hours at each day's occupation, were made 
at 3 of the stations; and 2 series of observations of at least 24 continuou& 
hours each, were made at 1 station. No tidal observations other than that at 
Spuyten Dnyvil were made by this party. There were, however, a number of 
automatic gauges of the city of New York and of the United States J<Jngineers in 
operatio11 <luring the entire period that current work wus in progress, records 
from which are available. Following the completion of work in the Hudson 
River and the Upper Bay, the tide and current survey of Kill Van Kull was 
begun on November 14. This work was completed O!l December 13. The tide 
and current survey of New York was closed on completion of the work in 
Rill Van Kull. 

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

SUMMARY OF RESUr.Ts.-Trlnngulntlon: 3 stations occupied for horizontal measures, 
20 geographic positions dC'tcrmlned. Topography: 6 miles of shore line run, 13 points 
located by plnnctablc hydrography; 69.5 miles run while sounding, 653 positions deter­
lllined (doL1ble nngles), 2,296 soundings made, 1 tide station occupied. 

The. launch Blsie III wus trumiferred from the Navy Department to the Coast 
and Geodetic Survey at Boston, Mass., on June 12, 1919, antl Jack Senior, who 
had l>een assigned to the party, was sent to Boston to receive the launch and 
bring her to New York. He performed this duty without delay and landed the 
launch at the lighthousl' df'lWt ut 'l'ompkinsvilie, Staten Island. · 

After some delay and difl1culty a crew was employed, estinmtes for outfit were 
llre11ured, bids were obtninetl, and the outlit was purchased before June 30. 

On July 9 the launch was taken to the Mnrlne Basin and remained there until 
.. the 2i5th, when she proceeded to the \V. I•'. Huddock Yad1t & Boat \Yorks for 
.l'epairs. 

· Under instructions dated July 7, .J. H. Peters was relieved of the survey of 
1havesend Ba;y after three triangulation stations had l>eeu occupied under his 
utrectiou, and field work began on July 28 by Jaclc Senior under the direction 
Of the inspector. 

The topographie survey of Grnvesend Bay was completed while the Elsie III 
Was undergoing repairs In the Harlem River. While the Blsie III was in the 
Shipyard and not available, the inshore h~drography was run with n small motor 
~Utter loaned from the Navy. The repairs on the El8ie III were completed on 
,,., Ugust 8 and on August 11 the hydrography was continued with the Elsie JI/; 
.1.he survey of Gravesend Bay was finished on August 16, antl the tide and cur­
rent work in New York Harbor was then commenced. Additional development 
Wot•k on the hydrographic clmrt, however, was deemed necessary, antl instruc­
tions to that effect were contained in the Superintendent's letter of December 6, 
1919. This supplementary survey was dPlayed for a week because of unfavor­
llble weather comlitions, but was finally completed in two dnys-Decemher 20 
nnd 21. 
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DELAWARE AND MARYLAND. 

[PAUL SCHUREJllAN.] 

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

Afrerwar<ls the automatic tide-gauge station at Aberdeen, Md., was inspected, 
and lines of leveling were run between the various bench marks and the tide 
staff. 

DI<:LA WARE AND FLORIDA. 

[R. I<'. LucE, Commanding Steamer Isis.] 

SUMMARY OF nEsur,Ts.-Hydrography: 213 square miles of area sounded; 647.6 m!Jes 
run while sounding; 2,271 positions determined by angles. log, or otherwise; 9 stations 
occupied lly ship to loc11te shore or offshore objects; Oil angles observed by ship to locate 
shore or offshore objects; 1 shore obj0ct located by angles from ship; l 0 offshore buoys 
or objects located by angles from ship; 17 surface temperatures tnken; 99 bottom specl· 
mens taken ; 1 log test made; ship swung for compass deviation at 1 station; 6 current 
stations occupied; 111 current observations taken. 

\V'hile the steamer Isis was undergoing repairs at Baltimore, prior to taking 
up the season's work off the entrance to Delaware Bay, an officer had been in· 
structed by tht\ Superintendent to erect such signals as might be necessary fol' 
the work. In accordance with thc><e instructions, this officer precedecl the ship 
to the field of work, erected two tall-type signals ancl located them and a num­
ber of nntural objects useful for signals for the offahore work. Therefore, when 
the steamer Isi8 arrived on the working grounds all the signals required for the 
work had already been built and located. 

!<'or the use of the ship in t!le control of the offshore work six survey buoys 
were userl aR offshore signals. 'l'hese buoys consisted of one first-class tall-type can 
buoy nn<l five first-class ordinary type can buoys, loanrd to the service through 
the courtesy of tile superintendent of lighthouses at Baltimore, Md. On each 
buoy a 20-foot superstructure was erected, similar to those used in this class of 
work in past seasons, except that on ear-11 buoy an acetylc;ue light was installed, 
as it wa;; not considered safe, either to navigation or to the buoys themselves, 
to place them in this area, where there is considerable traffic, without some kind 
of light. 'l'hese lights worked only fairly well, and a considerable objection to 
them was that the gas tank would last only about three weeks, when it then 
would have to be rpnewed. · 

The six survey buoys were not placed by the lighthouse tender, due to pres· 
oinre of work in that service, until the 9th and 101'11 of September, and then it 
was found that the superstructures, lights, and gns tirnks made the buoys so 
h<'avy that they would not stand verticnl, which greatly decremied their vis!· 
bility. This was Jinnlly conected by putting a ballnst bnll on each buoy, put 
not until the latter part of the month, when the season's worlr was more than 
half over. 'l'he result was that no work offshore; which requires the best of 
·weather, could be done prior to the 10th of September, and only with difficulty 
before the buoys were righted the lntt:er part of that month, so tlint, during the 
time when the weather was favorable for offshore work, the buoys were not 
available, and later when the buoys were available, the weather llad turned 
so unfavorable that work offshore wns seldom 11ossible. This of course resulted 
in very little offshore work being done. 

Although the buoys were placed on the 9th and 10th of September, weathel' 
suit:1ble for locating them wns not obtained until the 15th. The buoys were lo· 
cated in the uP-ual mamwr, by sextant cuts from the ship at anchor, the Rhip 
being located by sextant angles on shore objects. 'l'he six survey buoys were 
placed 3! miles apart and in u line parallel to the shore and 10~ miles froIJl 
shore. 

The Isi.9 arrived at Lewes, Del., to take up tlle seii.son's work on August 26, 
and left for \Vashington, D. C., after completing the season's worlr on Octo· 
ber 21, 1919. During most of this time a large percentage of working time was 
lost on account of unfavorable weather conditions. Very clear weather, so 
desirable for work in the vicinity of the Survey buoys, was extremely rar~ 
and there were a number of very hazy days, on which prncticnlly no wor 
could be done. After the middle of Septemher fresl1 northeasterly weatbel' 
was very prevalent, and there were very few clays on which even insborde 
work could be done and · practically no tlays suitable for offshore dea • 
reckoning work. 
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Nearly 40 per cent of the entire time that the ship was on the working 
grounds was lost on account of bud weather, and during the last three weeks 
that tile ship spent in this section, during the first thl'ee weeks of 0,toher, 
Work could be done only on two days of each week, The hydrography done 
off the entrance to Delaware Bay in this vicinity was of two main clusses­
lnshore work where the locations were on fixed objects, either shore or off­
shore, and offshore dead-reckoning work. 

The inshore hydrography covered an area extending from the southern end 
on Hen and Chickens ~l10uL about 2 miles soutf1 of Cn1w Henlopen Lighthouse; 
to about 2 miles north of Bethany Beach, and from about the 3-fathom curve 
out to about 14 miles offshore. All of the work was located by sextant angles 
either on shore objects or on the Survey buoys. All soundings were taken 
from the ship while under way and proceeding at a speed of about 4~ knots, 
and the method of sounding was by hand lead up to depths of about 12 
fathoms, and in deeper water by means of trolley sounding apparatus, as pre­
viously used in this class of work. 

In general, soundings were taken as rapi<lly as the lead line could be hauled 
in, and sounding lines were run normal to the general trend of the coast, in 
an easterly and westerly direction. Lines were spaced one-fourth mile apart 
over broken areas and in depths less than 8 fathoms, one-half mile apart in 
depths from 8 to 10 fathoms, 1 mile apart in depths from 10 to 12 fathoms, 
and 2 miles apart in greater depths. Developments were made whenever the 
soundings showed the necessity for it. 

'.l'he inshorn work from the beach out to the outer limit of visibility of the· 
shore signals was completed before the ship left the working grounds. A 
large amount of the work in the vicinity of the Survey buoys was likewise 
completed. 

The dead-reckoning work done in this vicinity was of the type recently 
adopted, and consisted in. starting from an anchorage just outside the line of 
Survey buoys, located by sextunt angles on the buoys, running out on courRe 
and distance in a direction normal to the general trend of the shore line, 
anchoring every two hours for current observations, and retm'ning on a par­
allel course in like manner to an anchorage just outside the line of Survey 
buoys, and locate<! by sextant angles on the buo~'S, the error of closure being 
distributed throughout the run. On these lines soundings were taken as rap­
idly as possible, being by means of hand lend In depths less than 12 fathoms 
antl by means of trolley soundil)g apparatus In greater depths. Lines were 
spaced In accordance with the instructions, as explained in the previous para­
graph under inshore worlc. 

!11 connection with the offshore (lead-reckoning work, current observations 
Were taken at the beginning and end of each sounding-line run nnd at two­
hour intervals on the line. Also, current observations were made whenever the 
Ship was at anchor on the working grounds, except that during the latter part 
of the season the serious shortage of experienced officers made it necessary to 
discontinue night work aftei· a working day. · 

Current observations were also ·in progress on Overfalls Light Vessel during 
.the progress of the work. 

:. In order to obtain accurate compass deviations for the correction of courses 
~teered on offshore dead-reckoning work. the ship was swung a<'curately fo1· 
C1.>1npass deviations on August 29, 1919, off the entrunce to Delaware Bay. 

In order to obtain accurately the distances run in the dead-reckoning work 
'Offshore, all the patent logs were tested accurately at the beginni.ng of the fi.el<l 
season by running the ship at various speeds a number of round trips over a 
~easured course, thus giving a. correction for each log at different speeds of· 

e ship. 
b The instructions for the season's work provided that bottom specimens should 
de obtained at points well distributed over the working grounds, in order to· 
r etermine whether or not they might prove of value to nuvigation. 'fhese· 
~struetions were carefully carried out, and a large number of bottom speci­
IU ens were obtained at close intervals over the area covered by soundings by· 

eans of soap placed on the bottom of the lead. 
a In order to facilitate and to Increase the accuracy of dead-reckoning work. 
c~d current observations a new compass card was Installed on the standard 
\V lnpass, the new card being the one recently adopted by the Navy, and on 
Ci~ifh degrees are the only marks shown, points being entirely omitted. The-

e e is graduated all the way around to 360°. The use of the new card' 
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demomitrnted its great su11eriority and was approved by all the helmsmen nnd 
the officers. 

On October 21, 1919, the almost continuous bad weather whi.ch the shf11 hnd 
experienced throughout the month made if aclvisuble to discontinue fiehl worlc 
in the vicinity of Delaware Bay. Aecordingly the Isis sailed on t.hat date for" 
'Vashiugton, D. C., to prepare for repairs. 

Hepairs were in progress until December 12, when the Isis snilerl for Nor­
folk, Va., to take on stores frQm the naval base there, taking with the ship 
from Curtis Bay, Md., two wire-drag tenders which were to be tnk<>n to the 
Pndfic coast by means of naval collier. These tend<>rs were tunwd over to 
the uav~· yard on December 16. stores were taken aboard on the 17th. nnrl the 
Isis sniled for Charleston, S. C., on the 18th for the purpose of arranging for 
Surve~· huoys for the coming Reason's work arriving there on tlw 20th of D1•cp111-
bcr. The subsequent movements of the ship are given in the following para­
graphs: 

Prior to the arrival of the steamer Isis on the working groundR an offic<'r 
l.md hPen instructed to Preet such shore signals neces;;;nry 'for the work. In 
accordance with these instructions this officer was d<>tached from tile steamer 
Isis on December 9, 1919, went to 'Va;;;hlngton for detail<>d in;;;tructions and 
then went to St. Augustine, Fla., where he toolc up the work of erecting and 
locating signals. 

Owing to the difficulty of obtaining labor and other causes of de'ny only one 
signal had been built and located and one other built but not located lwfore 
the Isi.~ was rea.ly to stnrt work, but three of the signals erected in 1917 were 
still standing. These signals made it possible for the I8is to start '"·ork, but 
only on a restricted area nt the northern limit of the work. 

On Dec<>mher 20 the I8is arrived at Charleston, S. C .. for the purpo;;;e of 
arranging with the superintendent of ligllthousrs there for Sun·ey buoys needPd 
for the coming season's work. The Isis sailed for ·Jacksonville on the 30th 
of December, arriving there on the 31st. Five Survey buoys were marle there 
an<l the Ufa sailed for the working grounds on the 13th. One Survey buoy 
was 1lropped that day, and two more tire following day. Due to a change in 
methods of anchoring the buoys, wire suitable for anchor wire wa;;; exhau;;;terl 
after the three buoys were dropped, so it was decided that on the next day 
patent logs should he tested if the weather was fine and that sounding work 
should be taken up if the weather was not fine enough for log te;;;ts. 

The next day, .January 15, proved to be a perfect day, so the ship proceeded 
inshore to lay out a course for log tests, the only place availa.hle on account of 
shortage of shore signals being directly abreast signal " Ores" and ahnost half­
way between the wreck of the dredge Florida and the beach, where positions 
for locating the marker buoys would be sufficiently strong. The southern 
marker buoy was dropped and located and the ship headed up for the next 
position. \Vhen nearly up to this point a small, almost submerged, moss-cO\·ered 
buoy was sighted, the ship was stopped promptly, 9-ngles were taken to locate 
the ship, and in leaving the locality the ship struck a submerged oh.feet, prob­
ably the wreck of the dredge F'l-Orida incorrectly loratPd on the chart, causing 
the ship to leak so badly that she had to be beached immediately to prevent her 
from sinking in deep water. Wrecking concerns were summoned and consider­
able work was done in the attempt to get the ship off and to salvage Govern­
ment property aboard the vessel. However, bad weather coming up early in 
the morning of January 20 drove the wrecking concerns away from the ship 
and made it necessary for all officers and members of tire crew to leave the 
ship and camp on the beach abreast the vessel. Continued attempts were 
made to get wrecking assistance, but without avail, and meanwhile the condi­
tion of the ship became such that on January 26 instructions were received 
to abandon the vessel, and on January 28, 1920, the wreck of. the steamer Isis 
was sold to a salvage concern. 

About 4 miles north-northeast of Matanzas Inlet on the Florida coai::t the' 
chart shows a spring. with a d<•pth of 21 fnthoms, surrounded by depths of 
about 9 fathoms. This spring was near the northern limit of the work as­
signed to the Isis, and although no investigations were made before the Isis 
was lost, it was plainly seen from the ship on the evening preceding the daY 
of the accident and also on the morning of the accident to the Isis. The sea 
was quite smooth at the time, and the spring was indicated by a considerable 
disturbed urea, caused probably by the bubbling of the spring. It could be see~ 
plal11!r from a distance of two or three miles, which wns the nearest the [8iB 



39 

AssateatJue Anchorage 

Hydrographic surveys ------------------------ -
Topographic surveys ____________ _____ __________ ;:;:;:;:;:::::;:;:::;:?: 

C. &G.S .Print 



REPORT OF DIRECTOR, COAST AND GEODETIC S.URVEY. 119 

approached it. F'i·om statements of various residents of the coast in that 
vicinity it was learned the area covered by the spring is severul hundred yards 
in extent, and that the wuter is cold, extremely sulty, bitter, and full of sulphur, 
probably very similar to the sulplrnr water found ashore; all stute thut the 
Water is much saltier than the ocean water. 

VIRGINIA. 

[II. A. BERAN, Commanding Steamer Bache.] 

SUMMARY OF nESULTS.-LPV!'ling: 5 permanent bench mnrks established, 1! miles of 
levels run. Magnetic wo1·k: Ship swung for mngnctic dPviation at 2 stations at sc11. 
Hydrography: 480 square miles of area covered, 1,6ll9.8 miles run while soundin:.:. 4.4:12 
positions determined (double angles), 23,024 soundings made, 3 tide stations eRtalllisbed, 
79 current stations occupied. Scale of hydrographic sheets, 1 : 40,000 and 1: 80.000. 

From July 23 to October 24 the steamer Bache was engaged in a hydrographic 
survey of the entrnn<:e anll approaches to Chesapeake Hay, externling offshore 
to the 100-fatllom curve and inshore ap11roximately to the 12-foot enrYe and to 
a junction with completed work the limits of which lie approximately on a line 
jQining tlte quarantine tank on Fishermans Island with Cape Henry Lighthouse. 

The hydrogruphy was extended north from the parallel of 36° 50' to the 
parallel of 37°, and eaRt from the shore south of Cape Henry within the limits 
of tlte sheet, and the completed work ut the entmnce to Chesapeal;:e Buy to the 
17-fathom curve, with one line extending out to the 100-fathom cune. 'fhree 
lines were run to tlw 100-fathom ·curve, but the closing erro1·s of two of them 
were so large thut two of them were rejected. About 12 miles east of Cupe 
Henry an area of excee<lingly broken bottom was encounteretl, uml cousiderable 
develo})ment work was necessary. 

The shoals in this region are a source of confusion to the navigator, and one 
shown on Chart 1222 in latitude 36° 54' 30" N. and longitude 75° 42' 46" \V. is a 
1uenaee to Hampton ltoads shi11ping. Vessels drawing 30 feet might str.ke on 
this shoal in a heavy sea. 

In general, sounding lines spaced a quarter mile apart were run eastward to 
the limit of visibility of the bullys. At the eutrance to Ille luy ti"' li11es we;·e 
spaced about an eighth of a mile apart. Elast of the limit of visibility of the 
buoys dead-reckoning splits were run to the 17-fnthom curve. At the bei::inning 
of the season it was planned to space the lines 2 miles apart from the limit of 
visiblll ty of the buoys eastward, but the brolwn bottom in this vicinity made it 
necPssary to run the Jlm,s at much cluser intervals. 

·Three tall hydrographic signals 100, 96, and 40 feet in height, respectively, 
Were ereded for use in this work, nnd these. i11 c01mectio11 with Iurnlnmrks on 
shore, furnished control for the hydrographic work. 

The offshore signals m:r~tl were second-elnRs tnll-type cun buo~·s loaned h~· the 
Lighthouse Bureau for this purpose. l~uch huoy was titted with a 25-foot 
superstructure with a temporary light of the ortliuary marine gus type uttnt'lwd 
to the superstructure. These lights wel'e placed on the buoys to prevent their 
being a menace to navigation. The buoys were placed in position about 10 or 
12 miles offshore and parallef with the coast line. 

The methods used in the <lead-reckoning work followed the mmal nrnctice. 
Anchorages for current observations were at first ma~le at two-hour intervals, 
but this was ufterwardR re<lnced to a little over an hour. In running the splits 
from the buoys to the 17-futhom <,urve the soun1Ungs were made in one direc­
tion only, anchoring for currents at the beginning of the line und again at the 
~~ . 

In sounding, the hand lead was used .to depths of 15 fathoms, the trolley 

d
8Ystem from 15 to 23 fathoms, and the electric sounding machine at greater 

epths. 
A.n automatic tide guuge was established at Assateague Anchorage, Va., and 

lllaintained throughout the season. This was used for the reduction of sound­
~ngs in all the work except for u small amount at the entrance to Chesapeake, 
or which a staff erected on Fishermans Island wus used. Simultaneous 

Observations were made to connect the automatic gauge at Assateague, the 
staff on·Fishermans Island, another staff at Lynnhaven Inlet, and an ·automatic 
:tauge at Old Point Comfort. The tide staff at Fishermans Island and the gauge 

A.ssateague Anchorage were connected with permanent bench marks. · 

8 A.n attempt was made to obtain tidal observations at a point offshore, about 
ti llliles east of C1i"pe Henry, but with little success. A series of current observa­

ons was made at hourly interv.uls at the same station. 



120 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 

Frequent tests were made during the season of the logs used in determining 
the ship's run. 

[T. J. MARER, Commanding Steamer Sialia.] 

After undergoing repairs at Arundel Cove, Md., the steamer Sialia was taken 
to the naval operating base, Hampton Roads, Va., arriving October 1. On 
October 6 the SiaUa was transferred by the Navy Department to the Coast and 
Geodetic Survey. Supplies were obtained, and on October 9 the vessel got under 
way, and after compasses were adjusted the vessel proceeded to sea under in­
structions to run a line of soundings along meridian 70° 25', starting at latitude 
36° N. and ending at 23° N. off Tiburon Bay, sounding was to be resumed and 
continued until the coast of Panama was reached. Soundings were also to be 
carried ·from the Pacific end of the Canal to San Diego Bay, Calif. 

Nine soundings were talrnn, the first on October 10 in latitude 35° 48' N., and 
the last on October 14 in latitude 25° 13' N. Owing to trouble with the boilers 
the Sialia was unable to proceed under her own power, and on October 18 was 
taken in tow by the Coast Guar(l cutter Tuscarora and taken to Nassau, 
Bahamas, and afterwards to Key 'Vest, Fla., for repairs. 

After leaving Key ·west for Haiti by way of the north coast of Cuba further 
trouble with the engines forced the vessel to put into Nuevitas Bay, Cuba, where 
additional repairs were undertaken. 

VIRGINIA. 

[L. A. POTTER, Commanding Steamer Onward.] 

SUMMARY OF RESULTS.-I.eveling: 4 permanent bench marks established. Topography: 
3 square miles of area survpyed. 6 miles of shore line of rivers surveyed, 7 miles of 
shore Jlne of creeks surveyed, 20 miles of roads surveyed, 2 topographic sheets finished, 
scale 1: 10.000. Hydrography, 22.25 square miles of area covered, 380.2 miles run while 
sounding, 2.592 positions determined ( doublf' angles), 18,564 soundings made, 6 tidal 
stations established, 2 hydrograph!c sheets finished, scale 1: 10,000. 

From July 1 to September 9 the steamer Onward was engaged on a hydro­
graphic and topographic survey of Hampton Roads and tributaries. On Sep­
tember_ 9, the vessel left Hampton and was detained at Norfolk, Va., waiting 
for a chief engineer to report. One clay of hydrography and work on the field 
records was done whlle at Norfolk. 

Work on the hydrographic sheet, including the south side of Hampton Roads, 
was taken up on .July 9 and completed September 18. Thi/; sheet covers the 
south side of Hampton Roads from Nansemond River to Elizabeth River and 
a section of Elizabeth River and Tanners Creek. 

··work on a· hydrographic i;;heet off the wharves of Newport News was taken 
up August 21 and completed September 4. This work was done in order to 
make the ·11ydrography on Chart No. 400 complete. 

One day of hydrography was done on .July 29, in searching for a 29-foot 
sounding in the records of the steamer Hydrog1·a.pher during the previous 
season. The sounding was disproved. 

Work was in progress on June 30, on a topographic sheet, covering the east 
side of Hampton Roads and Elizabeth River, and another on the south side 
of Hampton Roads and a portion of Elizabeth River. These sheets were com­
pleted in August. 

Six tidal stations in Hampton Ro!lds were occupied In connection with tl1e 
hydrographic work. ·Under orders dated June 20, tidal readings were made 
lit Lynnhaven Inlet from July 28 to 31, inclusive, simultaneously with readings 
by the steamer Bache at Smith Island and with automatic tide gauge readings 
at Assateague Anchorage and Old Point Comfort. 

Work was continued during the entire period covered by this report, In 
overhauling the ·vessel and her equipment, making minor alterations, and other 
work in connection with fitting her for survey duties. Considerable repair 
work on the vessel was done by United States Sliipping Board yard in Hampton. 

Four large launches, the Milcawe, Wildcat, Scandinavia, and Lydia III, were· 
cared for during most of the period covered by this report. Considerable 
time was required in pumping them out, wetting down decks, and other work in 
connection with their maintenance. On August l, the Scandinavia, Wildcat, 
and L11dia Ill were towed to Norfolk Navy Yard, for shipment to Puget sound 
by a Navy transport. The I,ydia llI and Wildcat were afterwards returned 
to Hampton. The Scandinavia was shipped. The Milcawe was loaned to tbe 
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authorities at the Army hospital at which the Onward was tied up at Hampton 
and the Wildca.t and Lydia III were transferred to the charge of u ship's office1: 
on September 5. 

VIRGINIA. 

[J. D. POWELL.] 

In December, at the request of the Navy Department, a survey had been begun 
by the steamer Bache along the west shore of the naval base at Hampton, Vu. 

When the Bache left- Norfolk for Pensacola Fla. instructions were issued 
placing this work in charge of J. D. Powell, wl;o wu~ detached from the Baclm 
for the purpose of continuing the survey. 

At the time when the worlc was turned over to Mr. Powell on December 19 
soundings had been made from the north side of the Ferry wharf at Pinc Beach 
along the west shore of the naval base nearl:v to the north end of the submarine 
basin. Several small arl'US were left unsurveyed on account of obstructions 
existing at the time. 

Aft~r that date hydrographlc worl\. was done on one day when 3 miles of 
soundings were run extending off the north shore of the base. Planetable work 
was done to furnish additional signals which were necessary for continuing the 
worlr, and spirit levels were run connecting the tide gauge with mean low­
water datum. 

Owing to unfavorable weather and the difficulty of obtaining the assistance 
required in sounding, on February 5 instructions were issued to the ofiiePr in 
charge of the work to suspend operations and report at the office of the Survey 
in Washington. 

NORTH CAROLINA. 

[J. H. HAWLEY, Commanding Steamer Onmard.] 

SUMllIARY OF ·IlESUI/l's.-Triangulnt!on: (}3 square miles of area covered, 21 small nnd 
10 large signal poles erected, 8 stations in rnaiu scheme occupied for horizontal measures, 
2 stations in supplemN1tul schemes occupied for horizontal measures, 13 geographic 
positions determined. Leveling: (} permanent bench mnrks established, 2 secondary 
bench mnrks established, 1 mile of l<'vcls run. 'l'opography: 40 miles of shore line of 
rivers run, 75 miles of shore line of creeks run, 2 topographic sheets finished, scale 
1 : 20,000. Hydrography: 76 square mil<>s of area covered, 602 miles run while sounding, 
2,733 positions determined (double angles), 24,106 soundings made, 3 tide stntions cstub­
lish<'d, 1 hydrographlc sheet finished, scales of hydrographlc sheets 1: 5,000, 1: 10.000, 
and 1 : 20,000. 

On .Tnnuary 29, 1920, the command of the st.earner Onward was transferred to 
J. H. Hawley. 

From January 24, 1920, until March 8, 1920, the steamer Onwanl was under­
going repairs at Savannah, Ga. Repairs were completPd at noon on the 8th, 
and the vessel left Savannah immediately after completion of repairs bound 
for Neuse River, N. C., to take up Survey work in accordance with instructions. 

The vessel arrived nt Oriental, N. C., which had been selected as headquarters, 
on March 22, 1920, after a stop at Charleston, S. C., for coal and to transfer 
supplies and equipment from the steanwr ."f·ialin, and after considerable delay 
at Charleston and Southport, N. C., due to bad weather. 

On March 23 the vessel proreedecl to New Bern, N. C., for coal and other 
supplies, returning to Oriental on ~he 25th. While in New Bern a consulta­

. tlon was had with the Army Engmeers relative to the work to be done in 
Nem;;e River and vicinity. 

In order to obtain water at Oriental it was found necessary to lay a 700-
foot pipe line to the railroad dock, and this work was done after returning from 

.New B~rn. 
Field work in the Neuse River was begun on Mnrch 26, 1920, and continued 

Until the 23d of June. 'l1lis work was interfered with con'siderably by the heavy 
\Vfn(Js that are encountered in this region, by the scarcity of coal at New Bern, 
and by the poor quality of the water obtainable, which necessitated frequent 
Cleaning of boiler. 

From April 6 to May 6, 1920, certain altemtlons were made In the arrange­
ments of the vessel. 

Twenty-one stations established by the Engineer Corps, United States Army, 
and hy the Const and Geodetic Survey in Adams Creek were recovered and 
lmau pole signals erected. At the entrance to Adams Creek the stations Alpha, 
p dams, and Great Neck Point were recovered and the line Alpha to Great Neck 

olnt used to locate stations Daw and Sand Beach 3 on the opposite bank of 
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the rivPr, the latter to replace the old station Snnd Beach 2 which could not be 
recover1>d. From these stations Garbacon beacon and Adams Creek entrance 
beacon were located. 

Large tripod signals were built over all stations for hydrographic use. 
Fur the tupugraphi<: work projections \Vith the same limits as the old projec­

tions W<'re usecl wlwn pmeticnhlc. On these projpctions tile o'd shore line was 
shown in pencil. A topographic traverse was run along the shores of the cri~eks 
und tlw riYer to determine changes in shore line. particular attention being 
pal<l to the various points. During the course of this traverse small signals for 
inbhore hydrographic work were established at intervals of about 400 meters. 
'fhei;e siguals eousii;tetl of whitewashed trees, whitewashed slats nailed in vari­
ous forms on trees, et . Coutrot for the work in Brna<l Creek was established 
by planctahlP trinngu'ation. 

On the south bank of the river the shore line revision was carried from GrPat 
Neek Point eastward to Uattun Bay, induding Adams Creek. On the north banlc 
the revif•inn \\'ns <':ll'l'i<:'rl from stntion Daw, on the first point east of Dawson 
Creek to l\Iaw Buy inclurllng all creeks. 

Hydrogrnphic work was started with the survPy of Adams Creelc after which 
the work in Kem~e Hlver wus taken up. The general plan of work used was to 
run the lines in the riYer outside the 12-foot curve with the Navy launch or 
ship and to run tl1e lines inside the 12-foot curYe and in the creelcs with launch 
Nu •I;, :1 Hat· 110; tome t hoat. 'l'his nrrangeawnt proved to be very satisfactory, 
anrl the use of the ship for hydrography especially so. . 

The h~·drography of Adamfl Creek was completed except for a few lines of de­
velopment work, and one day's work was <lone in the entrance to Oriental 
Hnrhor. In the NPuse River the hydrographic work wns started from the line, 
outside the 12-foot curve, to the mouth of the river. The inshore work on the 
s011tl! han'' wns PXtPn•lPcl e •stwartl to Brown Creek and on the north bank east­
ward to, but not including, Broad Creek. 

An antornatic ticle gangP was plaeed in operation at Orlpntnl on Mar. h 29 
and continued to the end of the year. Three standard bench marks were es­
tablished. 

A tide staff was installed on the outer range beacon off Cedar Creek in Adams 
CrePk, and observations ohfoined when hydrographic work was done in the 
creek. Three standard bench marlcs were established. 

On May 12 a tide stuff was Installed at Neuse River Lighthouse and continued 
in operation for the.remainder of the year. 

GEORGIA, 

[H. A. MARMER.] 

In May and June, 1920, the apparatus and methods used in observing cur­
rents on the Brnnswiclc and Frying Pan Shoals light vessels were inspected 
and the instruments and apparatus put in good working order. 

Transportation was furnished by. the Lighthouse tender Cypress. 

FLORIDA. 

[H. A. SERAN, Commanding Steamer Bache.] 

Summary of results.-Hydrography: 1,551 square miles of area covered, 1,610.1 miles 
run while Hounding. 5.644 soundings made, 159 current stations occupied, scale of hydro· 
graphic sheets, 1 : 80,000 and l : 120,000. 

Instructions issued November 24, 1919, directed that the Bache proceed to 
Pensacola, Fla., and coopemte with the party of the Ranger in a survey of 
the Gulf coast from the eighty-seventh meridian westward to the Mississippi 
Delta; if it were found inadvisable to immediately take up this work on the 
arrival of the Bache at Pensacola to proceed to the mouth of the Mississippi 
River and survey the position of reported shoals in that vicinity; and .after the 
completion of this survey to return to Pensacola and the work indicated above. 

Supplemental instructions issued March 25, 1920, directed the suspension of 
work in the Gulf of Mexico about May 1, 1920, and the return of the Bache 
to Norfolk for incidental repairs preparatory to taking up work on the Atlantic 
~~ . 

The ship sailed from Norfolk, 2 p. m., December 23, 1919, en route to Pensa­
cola via Key West and arrived at Pensacola, 10 p. m., January 1, 1920. Heavy 
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fog wus encountered in Hampton Roads and continued until after passing Cape 
Hatterns, when more favorable weather obtained. The usual coasting route, 
from lightship to lightship, was followed. 

Upou the arrival of the Bache nt Pensacola it was found the Survey buoys had 
"ll.Ot been placed on the working ground. As no offshore work could conveniently 
.be done until these were placed, the Bache proceeded to South Pass, l\Iississippi 
River. after th(l joint recommendation of the commanding officers of Bache and 
Ran[ler for the field work in this vicinity had been submitted. 'l'hc Bache left 
Pensucoln on January 3, en route for Port Ends, La., via Mobile, and arrived 
:at Port Eads the evening of .January 7, 1920. The ship remained on these 
·grounds until .January 24, 1!)20 (see season's report dated Feb. 13, 1920), when 
the suney in thnt locality had been finished, urn.I the vessel retnmed to Pensa­
·Cola, Fla., arriving .Tanunry 27, l!l20. l!~rom this date until ]\fay 5, lll20, the 
survey of the Gulf westward of the eighty-seventh meridian nnrl to the 100-
fathom curre wns in progress. 

Pensncola wns made a base from January 27, 1920, until April 1, J920; after 
that date Mobile wns usetl ns a hnse. In compliance with instructions of March 
25, 1!)20, the ship sailed from Mobile on May 5, 1D20, en route for Norfolk via 
Key West and Charleston. S. C., arriving In Norfolk nt 2 p. m., J\fay 14, 1920. 

On account of the haze and thick weather it was impossible to do any fixed­
position work, using tbe buoys for signals, consequently all the work outside 
the limits of the fixed-position worl{ on the shore signals was precise dead 
r0ckoning. There Wll:'1 only pnrt of three or four <lani iu t:lw <'ntire time tlw 
ship wns on the working ground that fixed-position work could be done, and 
those times were utilized in locating the buoys by cuts. Buoys A, n, C, A1

, B'. 
and C1 were located by tlie Rachc uncl Buoys D. E, F, E', and l!~1 were located by 
the Ranger. Buo:v,D' wn,; run t!own shortly after lwing plac('(l and was picked 
up by the Lighthouse tender Magnolia. 

The buoys were snmller tha~n those heretofore used on this class of work, 
being third-class ordinary-type can buoys. They did not prove quite as satis­
factory us the tall-type second or first class can buoy. 

In cooperating with the party of the Ranger it was decided by the two com· 
rnanding officers that the Bache would do nothing but offshore worlr, worlr out­
side the limits of fixed positions on shore signals, and the Ranger would do the 
Inshore work when weather permitted and also some offshore work when in­
shore work was impossible on account of haze. 

The nrea to be surveyed in accordance with instructions issued June 5, 1919, 
to the commanding officPr of the Ranger, had been divided into four inshore 
sheets, S< ale 1: 80.000, and one offshore sheet to coYer the nrea to the 100-fnthom 
curve not covered by the inshore sheets. It was found that a scale of 1: 120,000 
would answer, and the offshore sheet was lnicl out accordingly. 

On the first position of the buoys the Bach<' was to do the offshore work be­
twe!'n the 87° a:id 87° 12' meri<llans, leaving the Ranger about an equal amount 
to the westward. On the second posit.Jon of the buoys the Ram,qcr was to con­
tinue to tl1e meridian of 87° 40', and the Bache was to do the work from that 
meridian to the western limits of sheet No. 1. As the Ranger suspended work 
ubout April 1, in order to undergo repairs, the Ho.che finished the offshore work 
previously agreed upon and in addition finished the offshore worl;: of the Ranger. 
Between the Bache and the Banger, the offf;·horP work was completed from the 
-elght~·-seventl1 meridian to 87° 58', all being pre(ise rlead rPckoning, and with 
the exception of a small amount of inshore work which will be completed by'the 
Ranger upon the completion of the repairs, Inshore sheet No. 1 was finished. 

Considerable development was done at the eastern end of the inshore sheet, 
there being a 13-fathom bnnk in the vicinity of the buoys. 

The soundings were made with lead line and trolley out to 30 futhoms. Be· 
Yond that depth the electric sounding machine with registering sheave was used. 
About the middle of the season th_e available supply of large lead line stuff was 
-exhausted, and ns no more was obtainable even from the factory a smaller-size 
lead line, with its lighter lead, had to be used, and the lead line could be used 
<>nly to 25 fathoms. Beyond 25 fathoms the soundings were spaced from one­
bu!f mile to 1 mile apart. 

Currents were observed as usual in this class of work. Bottom specimens 
Were obtained every 15 minutes· when sounding with lend line ·and at every 
sounding when using the sounding machine. 

1 ,An automatic tide gauge was !Baintaine<l nt Fort Morgan, Mobile Bay, Ala., 
ll the party Qf the Ranger. Tlus gauge was not visited until March 10, when 
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it was found to be out of order with no record since December 30, 1919. Ar· 
rangements were made to secure the tidal observations made at Biloxi, Miss., 
by the Mississippi Hiver Commission for the period when the Fort Morgan gauge· 
was out of order. 

Before any field work was done the standard compass was adjusted until its 
maximum deviation was about 50', the quarter-deck com11ass which is used in 
the current ohservations was also adjusted until its maximum deviation was 
about 3°, and the steering compass was adjusted by nailing magnets on the bot· 
tom of shelf until its maximum deviation was about 7°. 

The log factor was determined by runs between two launches placed about 
4 miles a11art. An officer on each launch observed curreuts at JO-minute in· 
tervuls, and an average current \vas applied to the distance over the ground, as 
determined by three-point fixes from shore positions at the beginning and end­
ing of each run, iu order to arrive at the distance through the water. 

[G. C. MATTISON, Commanding Steamer 'llydronrapher.] 

Su11u1A1tY OF uEsur,Ts.-Levcling: 0.2 mile of ·levels rnn. Topography: (planetnble 
triangulation) 2.5 R(]Uare miles of 11rea surveyed, 0.3 mile of detailed shore line surveyed. 
Scale of topographic sheet 1: l 5,000. Hydrograpby: Hl5.l square miles of urea covered, 
1,234.9 miJPS run while sounding, 732.6 positions determined (double angl<'s), 37,196 
soundings made, 1 hydrogrnpbic sheet finished, scale of hydrographic sheets 1 : 15,000 and 
1: 40,000. 

On .July 1 fiel<l work by the .<;teamer 1IJ1drograv1tcr w11H iu progress in the· 
vicinity of Key West, l•'la., an<l it was continue<! to September 1, without much 
interruption. RPpairs to the engiue were in progress in the early part of 
September, an<l while tlw engine wns in a weakened condition owing to the 
absence of the low-pressure piston, the vessei was blown ashore in the hurri­
cane of September 8 and 9. '.l'he vessel was floated on the 20th of September. 
During the remainder of tlw year repairs were in prog1·ess. Tile repairs pro­
ceeded very slowly owing to hll!TiC'aiw rlnrnage fo the shops an<l also to other 
causes, such as epidemics of dengue fever, colds, etc. During the time the 
vessel was repairing, the crew \\'HS employed in overhnuling ship's gear and 
equipment. Much minor repair work was llone by the ship's force. Some field 
work was done during this period, recovering old stations, leYeling tide stnfl's, 
and cutting in signals in Key West Harbor by planetable triangulation. Office 
worl{ was in progress during the time repairs were made. 

Triangulation station "Hor~k l'oint" was 1·Pcovere1.I. Stations " Sutklle Hill" 
No. 1 ancl No. 2, conl<l not b<' fonncl, probably due to a change in the d10re 
line during the hurricane. 

Hydrographie signnls in Key West Harbor were located by planetable tri­
angulation. 

On sheet No. l the ship did work on four different days, completing the 
area from the limits of Jannell \vorlt to longitlllle 81° 44'. Some shoals have 
not been developed in this area. On sheet No. 2 all ship work was completed. 
On sheet No. 3 unfinished ureas were completed, with the exception of' a strip 
about 2 miles wi<le on the Cl'l1tPr of the sheN. On sheet No. 4 the area between 
longitude 81° 39' and 82° 05' was completed. 

Launch hydrography: On sheet No. 1 the small area between the wire-drag 
limits and the ship's work was completed. On sheet No. 2 nil unfinished nrPns 
were filled in, but there were still some shoals to develop. On sl1eet No. 3 all 
arens allottetl to the launch were completed and shoals developed. However, 
there were some shoals found by the ship which were not developed. 

I<Jxpe1·iments in aerial photography were conducted in cooperation with the 
Navy Air Service, in OL'(]er to see if it were feasible to locate coral heads and 
shoals by means of photographs taken from aeroplanes. The work was com· 
pl et ed. 

With the exception of a short period following the hurricane, tide observa­
tions were made at Sand Key Lighthouse. The automatic gauge at Key West 
was in operation the whole period, with the exception of a few days after the 
hurricane. Tide observations were made at Marquesas Key while sounding 
was being done on sheet No. 3. 

Shortly after tile hurricane it was necessary to dry-dock the vessel for re­
pairs. After repairing the damage done by the hurricane, orders were received 
to lrnve general repairs made, which were uftei•wards completed. 
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[F. B. T. SIEMS, Commanding Steamer Hydrogrnphet·.] 

'SUMMARY OF RESULTS.-Triangulation: 47.5 square miles of area covered; 10 signal 
aioks erected (including 4 pipe water signals) ; 4 scaffolds built, two· 30 f0et, two 45 feet 
(for bydrogrnphy) ; 3 stations in main scheme occupied for horizontal measures; 4 

·stations in supplemental schem~ occupied for horizontal m<'asurps; 10 geographic posi­
tions determined. J,eveling: 5 permanent bench marks established 2 s<'condary bench 
1marks established, 1.2 miles of levels run. Topogrnphy: 0.35 squnre mile of area surveyed1 18.4 miles of detailed shore line surveyed, scales of topographic sheets 1 : 10.000 anu 
1 : 15.000. Hydrogrnphy : 135 squnre mill's of area covered, 1.318.2 miles run while 
11ounding, 8,779 positions determined (double nnglPs), 52,816 soundings mnde and 2 tide 
stations establishccl, 1 hydrogrnphic sheet finished, scales of hydrographic sheets 
1: 10,000, 1 : 15,000, and 1 : 40,000. 

On .Tannary 20,· when the conmumd of the ;;teumer llydrographm· was 
transferred, extensive repairs to the vessel hud been almost completed, but 
further repairs in the engine room were found necessary, and field work was 
somewhat interrupted until the completion of these repuirs on February 12. 

Combined operations were in progress in Hawk Channel, eastward of Key 
\Vest, Fla., from .January 21 to .T:111uul'~· 3() untl from l<'ehru:wy 17 to 
April 9, when fiel<l operations in thii;; locality were again interrupted, on 
account of shortage of fresh water at Key \Vest, from which port the Jiy­
-drographer had based her operations. 

The Ilydrographer proceeded to l\Iiami, Fla., under telegraphic instructions 
to obtain fresh water and to temporarily take up offshore hydrography in the 
vicinity of Miami, on April 9. 

The vessel returned to Key \Vest on April 29 and resumed operations in 
the area between the keys and reefs eaistward of Key 'Vest, and offshore 
hydrography in the Florida Straits, between American Shoal Lighthouse and 
Middle Sambo Heef. 'l'he work \\·as com11lPted on .lune 25. 

During the remainder of the fiscal year preparations and signal building, in 
connection with a special survey of a shoal northwest of Murquesns Keys, re· 
1mrted by the U. S. S. liJll1s, were in vrogress. • 

The triangulation executed in Huwk Channel was tertiary in character and 
was based on the line Hock Point No. 2 and American Shoal Lighthouse. The 
purpose of the triangulation was to locate all hydrographic signals excepting 
those determined by plunetnble for work close inshore. 

Six signals were built on the reefs and islands between American Shoal 
Lighthouse und Western Sambo Heefs, requiring special construction, due to 
the exposed location. 

'l'he hydrngra11hy completed in the nrea between the keys and the reef;; 
eastward of Key \Vest, from longitude 81° 45' to longitude 81° 39', consisted 
of a close general development, and on days when seeing conditions were 
favorable careful searches for shoals were made. Numerous uncharted coral 
shoals were found. A channel 30 feet deep was found to exist between \Vestern 
and Middle Sumbo Heefs, with a stretch of de<>p water 34 to 37 feet leading 
from it to within 2 miles off Boca Chica Harbor. Boca Chica channel and 
harbor and Saddle Bunch channel, harbor, and approaches were thoroughly 
surveyed. The waters surrounding the reefs in the area mentioned were also 
covered by the close development. 

'l'he offshore hydrography off Miami, Fla., and off the Florida Heers· between 
Middle Snmbo Heef and American Shoal Lighthouse consisted of sounding 
lines spaced 1 mile apart to the lOO·fathom curve, one-half mile apart to the 
50-fathom curve, and further development of the area within the 20-fathom 
curve. 

The harbor improvements made by the Florida East Coast Hailway were sur­
veyed, including the dredged area betwef~n Fleming Key and Key West; fur­
ther surv<"Y work to the eastward along the norlh shorP of Key \Vest is 
required. 

The topography of tl1e shore line was carried from East Martello TQwer to 
Saddle Bunch Harbor, princip"ally to locate signals for inshore hydrography. A 
magnetic meridian was determined. 

An automatic tide gauge was kept in operation at Saddle Bunch Harbor. 
Tide staffs were read at American .Shonl Lighthouse and at Sand Key Light­
house. 
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(,J. H. PETEHS, Commanding Steamer Ranger.] 

SUMMARY 01' REBUW'H.-Triangnl11tlon : 65 square miles of area covPr•'<l; 46 sii;lhtt' 
poles erected: 1 observing tripod built, 15 feet In height; 1 observing Hcaf1'old bui't. 1:!'" 
foet in beigbt; 6 stations in main scheme occupied for horizontal measures; 25 stations 
in supplenwntnl scheme occupied for horizontal measures'; 63 geographic positions deter­
minPd. J,evpllng: 5 1wrmanent bench mark~ established, 1 mile of levels run. l\fagnPtic 
work: Ship swung at 6 stations at sea. 'l'opography: 22 square miles ·or area snrvcyed, 
l?.8 miles of detailed shore line surveyed; 2 topographic 1<heets ftnlshl'd, i;cale 1: 20,000. 
Hyrlrographv: 1.652 squnrP miles of area covered; 2 928 mill's run wHle sounding; 6.219· 
posltloris detPrmlnecl (double ani>:le~) ; 32,982 soundings made; 14 tall signals e1·ected 
for ofl'shor<' work, total height 1,610 fc~t; 76 current stations occupied; 2 bydrograpbic 
she~ts ftnisb0d, sc·ales 1 : 10,000 and 1 : 80,000. 

On July 1, 1919, the steamer llangcr was at Brooklyn, N. Y., outfitting for 
offshore bydrogrnphy; during this period a snmll scheme of triangulatio!l was 
11one in Gravesend Hay to control a revision of the hydrography of th«~ bay. 
From July 16 to August 2 the vessel wns on its way from New York to Mobile, 
Ala., to take up field work on the Gulf coast. From August 3 to August 18, 
minor repairs were being made, the sounding equipment installe<l, and buoys. 
fittf>d out for offshore work. From Augnst 19, 1919, to April 14, 1D20 the,. 
veRsel was ('ngaged principally on the inshore and offshore hydrography of· 
the Gulf of Mexico, the erection of tall signals for the control of hydrogmphy 
and the necessnry triangulation or measurements to locate the signals. Be­
tween April 15 and May 14 the Ranger was undergoing repairs at Pensacoln,. 
l<'la., and on May 15 the vessel resumed offshore hydrography and was engaged 
in thnt worl' until till' encl ot' .Tune. 

The result of the worl{ for the fiscal year was a very close hydrogrnphic 
resurvPy of the Gulf const from the shore to the 100-fathom cm•ve and from 
the eighty-se:1·enth nwriclian to the eighty-eighth meridian excepting imch of 
the offsl10re hyclrography as was done by the Bac11e and a small strip of inshore· 
work which had recently been done by the H11drographer. The hydrography 
extended into Pensacola Bay to a point abreast the navnl air station. Current 
and tiual observations were carried on in connection with the hydrography. The 
triangulation wns extended up Pensacola Bay to Ulmanuel Point. The topog. 
rPnlly of the outer coast was completed from longitude 87° to longitude 
87° 34' and a resurvey of the pier line of the city of Pensacola was made. 

[ L. l\I. llIOWER.1 

SuMM.\ltY Oil' ItESULTs.-'rriani>:ulntion: 4 stations occupied for horizontal measures, 
2 geogrnphlc posltlo11s d!'tf'rmined. Signal building: 2 tall hydrographlc signals erected, 
height 70 feet ; 2 smull signals erected, height 15 feet. 

·111 December a party was orgauizecl to build tall hydrographic signals on. 
the coast of Florl!la for the use of the steamer Isis nncl to locate these and any 
prominent natural or artificial objects by triangulation. 

Headquarters for the party were established first at St. Augustine and after. 
ward i:tt Summer Haven, Espanola, and Ocean City. 

The building of signal Scott was begun January 1, and completed January 
9. This signal is 70 feet in height and is surmounted by a pole 10 feet In 
height. It is 100 feet above sea level, not including the 10-foot pole. 

On .January 19 the small signal Campbell was built and on January 21 signal 
Hange was completed. These signals are 15 feet in height. , 

Only two of the triangulation stations established in 1872 on the coast between 
l\fantnnzas Inlet and Ocean City wei·e recovered intact, these being Campbell 
ancl Virgil. A few others were recovered and subsequently marked. 

LOUISIANA. 

[J. n. nouT;;LLE, ,July 1, 1019, to Feb. 9 1920. E: B. LATHAM, Feb. 10, 11)20, tp 
June 30, 1920.] 

An officer has continued on cluty at the field station at New Orleans, La., 
and has answered calls for information relating to the work of the Survey and 
also gathered information for the col't'ection of the charts, Coast Pilots, and tide 
tables. 

For the convenience of the public, a stoclr of the charts and nautical publica· 
tlons of the Survey is maintained at the field station for reference and sale. 
Charts ancl publications of the Survey are furnished without charge to Govern· 
ment officers for official use. 
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At the request of the local inspectors of steam vessels men were examined 
for cerqficates as lifeboat men. 

In Fl'hruary the noRiti<ms of certain naval radio-compass stations on the Gulf 
coast were rlete1·mlned. 

In May the ltispector went to M:arthavllle, Ln. to remeasure certain angles in 
the primary azimuth between two triangull!-tion stations. 

[H. A. SEuAN, Commanding Steampr Bache.] 

SuMMAuY OF UESTTr.Ts.-H~·ilrogrPph;v·: 2'.'5 snna1•p mll~s of arPa covered; 723.7 miles 
run whllP Rom•ding: 75 positi<'nR d<'t<'r'l'in<'d (i!onhlP anirlrR) : 1 ~!l RAUndlngs mnde; 18 
curr<'nt stations occupiPd; 1 l'y<1rographic sheet finished, scale 1: 60.000. 

Between .Tnnuary 7 nnrl .Tnnunn• 27. in20, an examination was mane hy the 
Rteamer Rrtcl1e for a shonl rPporterl. to exh;t off the entrance to the Missh;~.ippi 
Rh-er, aml npproximately 18 miles SE. (magnetic) from the entrance to South 
Pai<s. 

AR report8 of a Rhoal in thiR vicinity Juul heen receiverl at the hranch Hvrlro­
grnphic Offi<'e of the Navy Dep111·tine~t in New OrlPnnR intermittc>ntly foi; the 
pai<t 12 yem·R. tlrnt officP wa" vlRitPrl in orrler to SPC'nre any lnte reportR before 
fielcl work waR hegun. The most recent report on file wnR datc><l in 1917. 

In the sc>arch for the reporter! Rhonl RnP<'i'll attention was nnirl to the hearing 
of S. 46 E. true. from EaRt .Tetty Lil!hthouRe. In thlR lmmerliate vicinity four 
soumlinii; lineR were run. the outer limits of the outsi<le line8 helng ahont H: 
mlles from each other. The Ronmlings nre staggered In such n way that, in 
the co111m11nrllng officer'R opinion, thiR section !R nh,,ol11t<'l:V C'OY<'l'erl. 

On each soundlnir, bottom speclmenR were ohtnlnerl nnd pnch spPclmen wns 
!loft 11tlC'l'Y clay. The hottom was Roft anrl so stick~· thnt on Re,•eral occaRlons 
the Ro11nrling m:whlne would not hrenk thP len<l out of t11P mnrl and it was 
neC'PRRary to go nheml with the ship to hrPnk tt out. Neither sand nor broI;:en 
shells were encmmtererl on any of the Rmm<llngs. 

Ench of the lineR shows n uniform slope from the 100-fathom curve to the 
outf'r limltR of the llne1<, with no lnrllcatlons of nny Rhonl111. The Rotm<lings on 
each line check the Rounrlings on eithe1· sl<le nnrl also checl' the soumllngs made 
hy the party on the Bach<' Jn 1!H7. From 200 to 350 fnthomR of water were 
found at each of the reported Rhonl Rotmdlngs. For n shoal, such ns reported 
by the steamshlpR Picton an<l the Floridian, to exlRt between Ronnrlings would 
require suf'h a steep iillope that it ·<'onlrl not enrl11re Jn thiR hottom with the 
strong currents of that vicinity. A 30-foot spot In 300 fathoms of water woulcl 
cnmm a hreRker large enoul!h to he seen rf'a<liiy. VesRels drnwln11: 30 feet are 
not at all uncommon In thf' New Orl<'RllR traffic and if such a shoal existed some 
one of them would pi:ohahly have struck It. 

The· result of this survey made with the -greatest care shows conclusively 
that no shoal exists in the locality in question. 

HYDROGRAPHIC AND TOPOGRAPHIC \VORK, PACIFIC COAST. 

CALIFORNIA. 

[R. R. f,urrnNs, Commanding Steamer Wenonah. 

SUMMARY OF uESULTS.-Trlnn!!nlotlon : 1 !!<'Ographlc nositlon clPtermhwd. J,pvellne;: 
12 P<'rmnr><>nt bench mnrkA <'stnhl!Ahed, 2 ml!Ps of l<'V<'ls rnn. Topo,e:raphy: 17 mllPs 
tf <let111le<1 Ahore Jin<' AurvP:ved: Hi miles of roPds sm•veypd: 2 tonogranhic sh<'ets ftnlshP<1, 
scnle 1: 10.000. H:vd1·0,,-rnp11y: 3n0 Aqnnre mllr's of nrra Annn.dP<l: 112;, miles run while 
snnndlng; 2.282 poAitlons !lPtermin<'d (rlouhle nne-leR); ll 063 Aounilfno-s mndc: ;, tl<lnl 
Rtntlor>A estnhll•l'PO: 3 hv<lro~rnpl1ic Al1Prts flnfshPd. FcnleA 1: 12.000 nnil 1: 10 oon. 
Pbys!cnl bydrography: 1,100 miles of deep-sea soundings run, 37 deep-sea soundings made. 

At the beginning of the fiscal year the st<-amer 1Venonnh was nt Pnnama, 
Cnnnl Zone, where she had stopped on her way to the Pacific coast to take 
on coal, water, and supplies. 

On ,July 1 the vessel :;teamed out of Panama Bay. A point of departure 
Was taken off Otoque Island nnd a course followed t'C1 take up the line of 
soundings assignPd to the party. This line !eel close to n dangerous coast, 
and as the currents in the lower b11y are strong and uncertain a very close 
Watch was kept to guard against setting Inshore. Land wns made out dead f head shortly after miclnight. and a course wns set due weRt to clear this 
and, which proYed to he an island. and the veRRel wni,; then lwu<le<l to pnss 

close to Cupe Mala. The sounding line wns continued without intei·ruption 
Until July 6, when the Inst sounding was taken off the coast of GnatPmala. 
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Although inside of 1,500 fathoms on the chart, very deep water was found; 
on the last sounding the register showed 3,008 fathoms, when the wire parted. 
The results of these soundings are very interesting, as they show that a deep 
submarine valley exists between the high mountains of Guatemala and the 
general floor of the ocean. 

A supply of coal was obtained u.t Salina Cruz, and the vessel got away at 
8 a. m. on July 9. 

Off Magdalena Bay a further supply of coal was obtained from the Britisl1 
S. S. Astyarnwz:, and this was transferred at sea by the ·wenonah's lifeboat. 

The vessel reached San Diego at 7 p. rn. July 17, and tied up at the Navy 
-coal dock. At San Diego the vessel was cleaned up and given two coats 
of paint. LeaYing San Diego .July 28 the vessel arrived at San Francisco, 
-8.45 a. m. on July 31. Here necessary repairs were made to tl1e boilers and 
the crew was recruited. · 

On August 27 the vessel steamed for Humboldt Bay, arriving at Eurelm, 
Calif., August 28. 

An automatic tide gauge was estabUshed on September 2, and a practically 
-continuous record of the tides was obtained during the continuance of the 
work. 

On September 4 the Wenonah proceeded to sea to take up the offshore 
hydrography. Although the haze was so thick that no shore objects could 
be seen, two lin~s were run by <lead reckoning, which established the existence 
-of a reported submarine Yalley north of Cape Mendocino. By September 11 
several well-located lines of soundings had been run, giving a fair development 
-of the head of the submarine valley. 

On September 16 preparations were made to take up the survey of Humboldt 
Bay and bar. By this time it was apparent that the days on which signals 
-could be seen offshore were very rare, and, therefore, it was planned to work 
in the bay during hazy weather and go outside whenever the weather gave 
promise of clearing. For work in the bay the launch Clyde was chartered from 
the United States Engiheers. The work of hydrography and topography was be­
gun September 18 and fair progress was made. On November 15 the hy<lroi,'1·aphic 
and topographic revision of Humboldt Buy was finished and the Clyde was 
turned bacI;: to her owners. 

No triangulation wns done by the party. The geogrnphic positions in Hum­
boldt Buy were supplied by the field party. of E. B. Latham, and the positions 
-of the mountain peaks were taken chiefly from the old triangulations. 

The topography of Humboldt Bny was revised so as to show all changes in 
shore line and improvements. The west shore of the bay was surYeyed from 
the South Jetty to a point above Samoa, and the eastern shore was surveyed 
from Fields Landing to n point in J<;ureka. Only minor Nmnges in topography 
were noted. The work is plotted on two sheets on the scale of 1 ~ 10,000. 

The hy<lrographlc work in the bay include(! the bar, entrance, and all Im· 
portant channels. This work Is on two sheets on 1: 10.000 scale. Except for 
the area around the jetties only slight changes in depths were noticed. The 
bar appears to be improving gradually and a deep channel wns found to lmve 
cut across the former big shoal between the inner ends of the jetties. Tide­
stnff readings were taken at North Jetty, South Jetty, Eureka, Arcata \Vharf, 
and Fields Landing. The automatic gauge was established at the North Jetty, 
which was taken ns the base station. 

The offshore hydrography was tl1e important worlt of the season and its first 
object was to develop the submarine valley northwest of Cape Memlocino. 
This submarine valley is of great Importance, as it hns been the indirect cnuse 
of the wrecking of t\vo ships, the Bear and the Tricolor, and has probably misled 
other vessels. A fairly good development of this valley was obtained with up 
and down soundings and rigid fixes. As the 100-fathom curve is of extreme 
Importance to navigators efforts were directed toward trucing it to a satls­
faetory connection with the old work to the north rather than extending a 
smnll section out to the 1,000-fathom curve. 

The 100-fnthom curve was traced from False Cape northward for n distance 
-of about 35 nautical miles. The steamer Lydonia was working to the south· 
ward of False Cape, and the combined work of the two ships will give a de· 
lineation of the 100-fathom curve from the old work south of Blunts Reef to 
1l connection. with the old worlr 40 miles north of Cape Mendocino, which will 
amply :q;ieet the demands of navigators for rnor.e soundings around tills 1111-
IJOrtnnt cape. 
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[F. G. ENGLE, Commanding Steamer Natoma.] 

SUMMARY OF' RESULTs.-Triangulation: 5 signal poles erected, 3 stations in main scheme 
<>ccupled for horizontal measures, 2 geographic positions determined. Topography : 11.l 
square miles of area surveyed, 76 miles of detailed shore line surveyed, scale of 
topography 1: 5,000 and 1: 10,000. Hydrography: 100.6 square milrs of area covered; 
966.0 miles run while sounding; 5,428 positions determined (double anglrs) ; 38,414 
s
1
oundings mnde; 8 tidal stations t>stabllshed; 1 hydrographlc sheet finished, scale 
: 20,000. 

On July 1, Hll9, the Na.to111a was at Colon, Panama, en route New York to San 
l<'rancisco, in accordance with orders dated March 24, 1919. Stores and fuel 
Were taken aboard and the vessel left Colon on July 4 at 10 a. m., proceeding 
through the Canal and pnssing Balboa at 5 p. m. the same day. A deck load of 
168 cases of gasoline, in uddition to, 1,910 p;allons in the tanks, was carried and 
enabled the vessel to r0ach Snlinn Cruz, Mexico, without a stop, a distance of 
1,229 mautieal miles. 

Arriving at Salina Cruz on the 10th of ;July the fuel. tanks were refilled and 
110 cases, deck load, placed aboard. The ship left Salina Cruz 011 .July 11, ar­
riving at Mazatlan, Mexico, on the 15th, a distance of 84.1 miles. Here the tanks 
Were aguin refilled and 202 cuses, cleck load, placed aboard. The ship left Mazat­
lan on July 17 at midnight nnd nrriYed nt San Diego at 10 a. m., July 27, 23 days 
from Colon, including stops. A detailed account of the voyage is given in the 
commanding officer's "Report of Passage," dated September 6, 1910. 

Upon arrival in San Francisco preparations were immediately made for exami­
nation of the Bonita Channel, requested by Admiral Rodman for the use of the 

,Pacific Fleet entering San :U'rancisco Bay. The necessai·y surveying materials 
llnd stores were taken nbonrd, and on July 29 field work wns started. Two 
triangulation stations were recovered north of Point Bonita and h~·drogrnphic 
Signals built. A bont sheet wn~ mn<le, tempornrr lead stand and plotting table 
rigged, and on August 1 sounding in Bonita Channel was commenced. On Au­
gust 5 the sounding wns completed and the office work started. Soundings were 
reduced and plotted on the boat sheet and a tracing mnde, On August 28, buoys 
Placed by the Lighthouse Service were located and plotted and the complete 
h·acing delivered to the inspector of the San li'rancisco field station. , 

On July 28, the day after arrival in San Francisco, the Natoma wns struck, 
While at anchor off Pier 32, by a tow, bending the stem nboye water line. A de­
tailed report was made on this collision. 

During the month of August, a great many changes were mnde before a satis­
factory crew was shipped. All but three of the crew that arrived in San Fi·an­
Cisco with the vessel had requested their discharge during .July, and lt wns found 
difficult to replace them, principally on account of the small crowded forecastle. 
buring the month of August and September, considerable upkeep work about 
the ship and in engine room was done.' An automatic tide gauge was installed 
and a 24-foot motor sailing launch fitted for bydrography, 

Topographic revision in the vicinity of San Francisco, in accordance with 
.~istructions of July 25, was started on September 10 and hyclrography on Octo­

er 6, 1919, and field work closed on April 15; 1920. · 
At the close of field work on April 15 proposals were prepared for dry­

llocklng and other repairs, and the engine-room force, assisted by two seamen 
<letailed under the engineer, eommencecl a thorough overhnuling of the port 
ehgine. 

On the night of May 20 tlrn Natoma wns struck by the steamer-schooner 
1Valon, which was maneuvering in the basin where the Natoma was moored. 

detailed report of the damage was macle. 

l 
The overhauling of the port engine by ship's force wus completed on June 

0. The Natoma returned to the Third and Cllnnnel Basin in Snn Francisco 
on June 14 under the port engine, nn<l the work of overhauling in the starboard 
enl!:ine continued there. The crew wns engaged in cleaning uncl painting the 
~fter quarters, mess room, and eleuning and pninting outer bull, "·hich had been 

nilly discolored while lying n.t Hanlon's Dry Dock in Oakland estuary, 
Revision work in San Frm1ciReo Buy in the vicinity of Sap F'rnncisco wus 

£01nmenced on September 10 by a topographic party. During September the 
e0Pogrnph!c party work<'d from the ship, which was Jy!11g nt PiPr No. 3G, 
~1.gaged In J1l'eparntio11 for Held work. 'l'he revision of the water front of Ran 
e~.nn~is.co wus first made, using hrom.i<le copies of revisim~ .slwets of 1917, 
ti nmrnmg- these fol' changes, nn<l mukrng the necessary nd1llt1ons nncl altera-

0118 by planetable. 

12783-20--9 



130 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 

Sheet No. 3661 extends from Point Avisadero to Union Iron Works. Union 
Iron Works to Pier 41 Is covered by the harbor commissioner's plan, which was 
examined and corrected; Pier 41 to Exposition Grounds Is covered by a small 
revision sheet of 1917, and from the Expo'sition Grounds to 1 mile below Point 
Lobos is covered by sheet No. 365,9. A map of the city and county of San l!'ran·. 
cisco, in two sections, was obtained from the city engineers, for the purpose of 
showing additions to street<; and other improvements. A topographic sheet 
on scale of 1: 40,000 was made for the purpose of tying in the city map. The 
examination of this map in the field was cleferred. 

On October 6 the work between Point Avisadero and Point San Bruno was 
commenced. A topographic sheet, scale 1 : 10,000, was made, covering this 
section, and u hydrographlc sheet covering the nrea south of hydrographlc 
sheet No. 3928 was made to extend to a line between South San l!'ranclsco and 
Mulfords Landing. An automatic tide gauge was established at Union Iron 
Works on September 25 and connected with the olcl bench marks there. It was 
kept in continual operation thereaftei'. A staff was established at Hunters 
Point, connecting with old bench marks, and another staff and bench marks 
established at South San Francisco. This staff was compared with Union Iron 
Works by a 48-hour simultaneous series. Tidal observations were made at these 
stations when sounding in the vicinity. 

The motor sailing launch which had been fitted during September with 
plotting boaru and lead stand was used for sounuing the inshore and shoal 
areas, extending its work out to the 20-foot curves and wire-drag limits. 

It was found desirable to have a triangulation station for use of hydrography 
and topography in the vicinity of Belair Island. The old station was recovered 
by first recovering Station Guano Island from which, together with other re· 
covered stntions, Station Sierra Point was recovered, and later, Station Belair 
Island. 

On November 12, work on the east side of the bay in the vicinity of Bay Farm 
Island was started, a signal was built at Station Bay and triangulation stations 
established at Mulford's Landing and at Robert's Landing. The two last were 
cut in from Station Point Avil)lldero, Station Sierra Point, and Station Guano 
Island. Topography was started on November 17, at Station Bay, on a new 
sheet to revise the shore line and establish signals for the inshore hydrography. 
T!li.'! topographic sheet extends from Mulford's Landing to GoYernment Island, 
Oakland estuary. 

On November 26, in a heavy northeast gale the motor sailer was swamped in 
shallow water off South San Francisco where she was endeavoring to enter for 
shelter. The stern sank into the soft mud, making it impossible to raise her by 
ship's force, and it was necessary to engage a wrecking derriclc. She was re· 
turned to the ship on December 6 and the engine was overhauled and the launch 
cleaned of the mud which filled the bottom. This work was completed on the 
18th. During this time repairs were made to the ship's rail by crew, where it 
had been damaged on December 4 by the ship rolling against the dock in a 
southeast gale. · 

Sounding with launch was resumed on Decembei· 20 in the vicinity of Bny 
l!'arm Island. Stuff gauges and bench marks were established off Mulford'& 
Landing, San l.eandro Bay, and Alameda, and compared with Union Iron Works 
by 48-hour series. The old bench marks established at Alameda were connected 
with the new staff. These gauges were used for the reduction of soundings in 
their vicinities. 

During February the central area on the lower sheet was sounded by the 
ship, and the topography, which had been curried to the north side of Oakland 
estuary, wlls suspended to carry on the ship hydrogrnphy and to do top'ogrnphY 
In Golden Gate, required for hydrography called for by instructions. This work 
was completed on March 4, and the office worlc, which consisted of plottlng 
soundings and making a trucing for city engineer, was finished on the 16th. 
While the office work was in progress the ship was painted. 

Field work was resumed on the 15th and carried on to April 15, when worlt 
was stopped in accordance with instructions. to prepare bids for repairs. '1'b0 
sbip hydrography was curried to Hampton Shoal Lighthouse, splitting the unes 
run in 1917, In the dragged area, north and south of Goat Island, and making 
a 200-meter line development along tbe east shore into the 6-foot curve. TM 
launch work extended only· to the Oaldnnd Mole, where it wns diRcontinued on 
the detachment. The revision of shore line was extended to Point San Pablo. 

The eastern shore, north of Bay Farm Island, was done by a subparty living 
and subsisting ashore and reporting to the ship each week, as the nature of th0 
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Hpprouches to the i,;hore rendered it imprncHcahle to llick np the party nnd land 
thpm each day. 

lE. 11. PAoENHAll'l', Connunn<ling- 8tean1er Lytlonia.1 

8UMMAHY OI•' HEsULTs.-Hyclrograph~·: l,~r;o sqnnr<' miles of area covm·ccJ, 035 miles 
i·un while sounding, 576 soundings made, 1 tide station established, 1 hyclrogrnphic sheet 
llnishecl, scale 1 : 120,000. Leveling: 1 mile of levels run. 

On November 19, 1919, the LJt(lonia began hydrographic work off the northern 
coast of California between Cape Mendocino and Point Arena. 

By l!'ebruurs 4, 1920. this work wu..; completed southward from the vicinity of 
Oape Mendocino to latitude 3!) 0 40' and westward to longitude 124° fi5', and the 
. Vessel returm~!l to 8n11 l<'randseo for repairs. 

>JAN FH.\I\Cl8CO l<'U:Lll 8'J'ATION, 

[E. l•'. })!(;KINS, Ju]~· 1 to July 7, 1919. FHEMONT MOUSE, July 8, 1919 to .lunc._30, 1920.) 

Inspection duty for the coast of Cnlifornla was <·ontinued h~· 1m otlieer o.f 
the 8urvey in charge of the tieltl station of the Sun·ey at Snn Franeii:;co. 

The duties of the station have to do chie1ly with the collection nnd <listribu­
tlon of nautical information and publications. 

An inspection was mnde of the ngencie8 for the sale of charts and nautical 
publications of the Survey in San Francisco. 

The tide station at Morro Bay, Calif., was visited, levels werp rnn to the 
different bench marks, and the station was discontinued. 

Field work was 1lone for the purpose of obtaining clnta for magnetic ranges 
In San ll'runcisco Bay. 

A stock of charts was maintained at the field station fo1· sale and reference; 
the tide observations at the Presidio station supervisect; armngements were 
made for forwarding freight to the fiPld stntlon of the Surve~· nt Mnnlla, arnl 
various other duties were attPn<led to. 

CALIFORNIA. 

[FREMONT MORSE.] 

SuMMAitY oli' 1msULTS.-Triangulatlon: 8 stations in main scheme occupied for hori· 
zontal measures, 12 geographic positions determined. Magnetic work: 9 new auxiliary 
stations on land occupied, 1 old station occupied, ship swung at 2 stations at sen. 

In September, 1919, instructions were issued for a redetermination of compass 
l'anges in San Francisco Bay for the use of navigators. 

The work directed included the collection of information for a new edition of 
Special Publications No. 1-Compass Uanges, San Francisco Bay, the selection 
and determination of the necessary ranges, and the preparation of the results 
In a form suitable for puhlication. 'l'he field work involved the makin~ of mag­
nette observations at a 11urnber of points nhout San l!'ranciseo Bay and ship 
!!Wings ut the entrance to the Golden Gate, in the channel off B.incon Point, 
and at two other Intermediate points. l<'or thhi pu1110se the steamers Natoma 
tmd L11donia were to be utilizell. 

'l'he necei::sary observations at stations 011 luml were nmde by an observer 
then at Sun li'1·1uwisco awaiting transportation to the Hawaiian Islauds. 

Tho old rungo objects had been nearly ull destroyed in the e~rthquake und 
Ure of 1906, and it was therefore necessary to select new ranges, which was 
done on October 2. '£riangulation observations for the determination of the 
Dbosltions of the selected range points were begun November 17 and completed 

ecember 26. 
Photographs of the ranges were afterwards obtained . 

.A. The necessary ship swings were made by the L11donfr1 and tlw Wenonah on 
Pril 8 und May 7, completing the field work required. 

[El. B. LATHAM,) 

bu~iUtMMARY O~' REBUL'!'B.-Triangulatlon: 2 signal poles erectecl, 10 observing tripods 
• 6 stations in main scheme occupied fo1• horizontal measures. 

!! Work was continued after July 1, 1919, on the triangulation, recovery of 
~atlons, and building signals from Punta Gorda to the mouth of the Klamath 
l? Iver, Calif. The following old stations south of Eureka were recovered: King 
a~adk, Bear Ridge, Bagley, Four Mile Creek, Two Rocks, Windy Point, Oil Creek 

01<1 Lighthouse tower (H11111boldt Bny Lighthouse, 1869). 
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Subparties were organized for the search for old triangulation stations and 
sent to Petrolia, Cape 'l'own, and Requa. 

A triangulation was made from the base King's Peak, Bear Ridge, and a 
check distance carried to a connection with this base from the old line Bear 
Ridge-Oil Creek, on the common line, from both bases of the line Bear Ridge­
East Twin. A further check was had on the position of Humboldt Bay Light-
house (Old Tower Light station). · 

The triangulation by the Engineer Corps, United States Army, supplemented bY 
additional observations, was used for stations on Humboldt Bay. 

The old stations north of Eureka were recovered in sufficient numbers to 
make additional observations unnecessary except for determining the position 
of hydrographic station Mid, west of Arcata. All new stations were marked 
and additional marks were pla<'ed at all ol<l stations. Signals were erected as 
required for the hydrography. 

This work was completed Angust 10. 

[E. B. LATHAM.] 

SUMMARY OF l<ESULTS.-'.l'riangulation : J,pngth of scheme 100 miles, 100 square miles 
of area covered, 25 signals erected, 24 stations occupied for horizontal measures. 

The triangulation, recovery ancl marking· of triangulation stations and erec­
tion of signals for hydrogruphy betwel'n Punta Gorda an<l Point Arena werl' 
begun by a suhparty August 10, 11)19. 

Old triangulation stations were recovered, additional points were determined 
both by triangulation and by plotting points on the original topographic sheets, 
and the nc~cessary signals were erected for the region Kings Peak to Usal 
Creek, and the party moved to Greenwood, Calif., September 19. 

From 'Vestport the work was completed to a junction with the worlt of the 
subparty to the southward of that place. 

'Vork in the vicinity of Fort Bragg wns done between Septc~mber 9 and 15, 
and the main party moved to Mendocino. 

Old stations were recovered as fur south as Saddle Point and sites for new 
stations were selected. A signal-building party was organized with head­
quarters at Little River, and the observation of angles in the triangulation 
were then taken up. As few of the old stations between Laguna Point and 
Cabrill Point were recovered, numerous new stations Wl're established and 
determined in position .... 

Work from Cufl'eys Cove to Point Arena was begun by the subparty 
September 22 and completed October 6. Several new points were determined 
south of Cufl'eys Cove, including the Point Arena Light station, rebuilt in 
1907 or later. 

From October 11 to the close of the season the whole party was located at 
Point Bragg. 

Additional observations were made for the identification of stations Gordon 
and Pine Grove. This work and the observations to determine the po:;tition,; of 
stations between South Noyo and Kent 2 were completed October 20, and from 
that date to the close of the season the party was engaged in computing results, 
the preparation of flatn for the use of the steamer J,ydonia, and closing party 
affairs. 

WASHINGTON. 

[N. H. HECK.] 

SuMMAHY OF 1rnsuu.rs.-'rriangulatlon: 50 Rquare miles of urea covered, 45 sign·al 

Eoles erected, 36 stntions In main scheme occupied for horizontal measures, !) stations 
n supplemental scheme occupied for horizontal measures, !>5 geogrnphic positions 

determined. 'l'opography : uO square mi!Ps of area survPyed; 110 miks of general coast 
line surveyed; 5 topographic sl1eets finished, scales 1: 10.000 and 1: 20.000. Hydrog­
raphy: 5 square mllf's of arf'a rlraggPd; 40 miles run while dragging; 1,742 nositions 
determined (double angles); 118 soundings mnde; 2 tidnl stations f'Rtuhlished; l!J2 trees 
located for removal; 2 hydrographic sheets finished, scales 1 : 10,000 and 1 : 20,000. 

Between .July 24, 1919, and Mnrch 26, 1020, n wire-drag suncw wm: uinlle of 
Lalrn ·washington and Lake Unlon, 'Vashington, with such triangulation and 
topography us wns required for the 1rnrposes of the survey. 

The worlc undertaken inclm1cd the revision of shorn line ancl to]lograplly, 
Lake 'Vnshington; wirc-llrng work, Lnke \Vushiugton and Lake Union.; worlc 
on launches to prepare for Luke 'Vnshington and Alaska sensons; arn1 develop­
ment of· new methods. 
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Triungulution: The necessity of anything but a slight revision of existing 
trlungulution wus not contemplated, as it was believed that much o:I,' the 1902 
Work would be available. This was found to be a mistaken assumption, owing 
In part to poor marking of stations and in part to the natural Improvements 
and changes in the vicinity of a large city. Practically no stations were re­
covered in addition to those recovered iu 1915. The lowering of the lake seems 
to have hastened the disappearance of the wooden stakes with which the old 
stations were marked. 

In order lo carry out instructions. n complete revision of the triangulation 
became necessary, and it was decided to carry a comprPhensive scheme arounf\ 
Mercer Island. 

At first it apveare<l like!~· that single triangles would have to be useu, but a 
study of the conditions showed that quadrilaterals could be used with little extra 
cost. Owing to tlw precipitom; shores, which hncl been left wooded to prevent 
slides, and to the sweeping curves of the shore line characteristic of a glaciated 
nrea, it was ditlicult to find sufiicient lntervisihle points. It was found necessary 
to extend the triangulation from a diagonal, and In some cases the conditions 
were so rigid that moving one station slightly made It necessary to move at 
least three others. Conditions not evident on inspection, lmt which caused diffi­
culty, Included tile presence of houseboats which shut off the line of sight from 
Points behind them, and excavations in progress which in some cases rnacie it 
impossible to utilize the logical points. 

The stations were all carefully marl'ed and described, an<l It is believe<! that 
they will prove of use to engineers. 

The numbe1· of main scheme stations was 36; supplemental stations, 6: rnllge 
beacons nnd lighthouses, 5; nnd prominent objects, 40. 

Reports were prepared on the earlier triangulation, which lnvolvP<l hwei:it.iga­
tion of more than 100 points. 

The statistics in regard to recovery of the 1902 trinngulution best show llte 
conditions. Out of 90 stations and objects, 15 were recovered, of which 10 had 
been previously recovered, and 11 stations were remarked. Seventy-one were 
gone beyond question, and 4 were possibly capable of recovery by more cxtcml('{l 
search than the party could make. Of the recovered stations only hnlf were in 
the part of the lake where revi8ion work wni> <lone, Hild Oil(' of 1lwi>e would have 
require(! extensive cutting to utilize. 

The t:opogmphy indmlPcl 1 he new i:;l10re 1 hw of Lake \\'nshingtou as left h;v 
tho lowering of the lalrn when tlw Lnke vV:tshingt:on Ship Canal wus opened . 
.All wharves nnd other illlJ)l'OV<!111en1i:; wel'l! locntell, 1ulll in the water front of 
Seattle proper enough street en<ls W<'l"l! loenU'd to utilize eity 111npH in correcting 
the existing d1nrt. In nrnn~' parts of tlw lake conditions nenr the ~horn have not 
changed much ns the shores h:we IH:'Pn left in their original comli1ion to IH'PvPnt 
Slides. 

'l'he condHlous 011 Union nn~'. the work on which wash-ft till hist, arepPc111i11r. 
'this area, which conRist8 of v1~get11ble mnck of Rpecifie grnvity nenrly l, was 
disturbed in equilibrium by the excuvlltiOn of the cnnnl. It has not yet rel'ovei·e<i 
lltablllty. Islnnds are constantly forming and tlrn shores are exte1uling. 

The topographic character of Lalw 'Vnsllington va1·ies consi<lembly. In geu­
llral there is a sllelf left by the lowering of the lnke backed by a more or less 
Steep bluff of glacial material. This has slid llown in numi>rous places, especially 
In the vicinity of the submerged forests. There are two areas of swamp besides 
lJnion Buy. In two pluc~es debris from coal miue,; ,ylJich is being excavnted to 
lllake Into brlquet,; 18 chnracteri;;tic. Bowh1er8 of moclt>1·nte sizP m·p found nlong 
the shore in places. 

The revision of J,ake Union wns begun. Portnge Hny was eompletetl an<l 
!lbout half of Lnke Union. Ohangc~s hnYe ocenrrl'd nncl are about to (){'C\ll' in 
the remaining half. 

Owing to reasons given Inter, it wus not possible to start the wire-drng work 
ti11 the middle of NovC'mber. Practically nothing was known about the hest 
1ueans of locnting trees for removal, and new methods became necessary. 

Instructions were to drag areas of. submerged forest to 11 depth of 45 feet 
Whercwer prndicahle. It soon developed that In addition to this genl'rnl pro­
gra111 something else must be done in order that the proposed' work wight he of 
ttny value. It wus further learned thnt the parts outlined on the charts wPrc 
on1;v ])art of the urea needing investigation. 

11 'l'he following method of work was developed: '!'he local Unit<'d Htutes Engi­
eers• office which had cleared out the trees in Lake 'Vnshington, which nppenre1l 

"'hen the lakP was first lowered, nrrnngpf\ to tPmpornril~· nsslgn tll(' snng hnnt 
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Sw-inom'ish from tinw to time, as she could he :;pared from her regular work on 
the rivers, to remove trees in Lake "\Va:;hiugton. The arrangements were made 
locally betwePn the Pngineer office1· for the dh;trkt and the inspector at Seattle, 
this plan leaving consi!lerahlP latitude ns to the times and methods of coopera­
tion. This feature wm; esvecially desirable, as hoth parties hn<l to diRcontinue 
work for short periods for various reasons. 

The methods first used were .not satisfactory. ·work was begun i11 the ex­
tensive submerged forest east of Mercer Island. It wns first attempted to drpg 
to 30 feet, the least rlepHt charted, but it was found that the snaghont could not 
catch trees u greater depths than 20 feet. A definite program of 8weeping 
this area to the depth of 20 fP<'t was adoptPd. and as the trees nearly all leaned 
to the nortlwast the approaeh was made from that direetion. On the first occa­
sion the entire length of a CiOO-foot dm~ including towlines, buoys, and weights 
became caught so thnt none of it: coulcl be remo,·e!l. 'l'he trees were then so 
thiclc that souuding could w.:unlly locate thPm. 'l'his work was done hy the 
chief of party personally, and it required nll of his experience to find what were 
practically iwe<lle points. At this time the most 1essential thing wns to plan 
the work of the party so as to keep the snng boat hm:y, as failure in this would 
have disrupted the work. 

The 1-'nag boat passed her cable nronml individual trees by the simple method 
of towing it hetweP11 two honts until the bight caught, then slipping a shackle 
on oue Pnd o\'er the eable and letting this shaekle slide down as the boats 
pulled rnpi1lly ahead, thus getting a noose ai'<mnd the tree. If possible the 
trees were pulled np, but mmally the use of dynamitP wns necessary. At this 
time the shots w<·re often failures because, in spite of the ingenious method 
used in placing the dynamite, it was frequently placed between two trees 
instead of against the trunk of one. 

It was foun<l that the wire 1lrag was too slow and too comprdiem;ive a 
method in that it covered too large an area. The next stPp was to get the 
drag caught on some trees; then a single dinghy was taken and u lead line 
towed astm·n. Though the original hydrographic survey failed to find evidence 
of thi8 forest, four or five trees were located by thi8 metlwi:l. 

It was then thought that in the absence of current two lead lines connected 
tog<~ther hy ma rline might prove useful, and this proved a useful and valuable 
method; whieh was adof>ted by the United Stales Engineers' snag boat. Even 
where there is current it: is thus possible to actually develop shoal ureas found by 
the drug, rather than to sound a little an!l then pass a long drag over the 
.shoals. The new method also makes repeated attempts to get the least water 
on a shoal by means of the drag unnecessary an!l proved to be the real solution 
of the problem. 

'£hereafter all areas of tree groups were examined with the marline sweep. 
It became possible to actually count the individual trees and find the depth 
on each. An officer of the party introduced a valuable idea in that after catch­
ing a tree the process used by the snag boat to pass the cable around the tree 
was used with the marline, ancl the buoy was accordingly attached to the 
tree to be removed. The wire drag was used thereafter quite extensively, both 
to locate the tree groups and to prove other areas clear, and also to prove that 
all tre<'s had been removed. Time and again the drag was passed over the 
area, always catching, until finally the only trees left were actual needle points. 
Finally the drug was passed over the area and it was made safe for all vessels 
which should proverly nttempt to navigate this particular area. The area 
west of Mercer Island and n small area to the south of the island were found 
to be dangerous and were cleared. The areas at the north end of the lake 
were all examined and cleared. 

This work was absolutely necessary and of great importance and valU'e. 
In every area trees 6 feet or less beneath the surface were found. In the area 
of the thiclcest trees where a steamer and launch were formerly lost, several 
dangerous trees were found directly in the path of excursion steamers. 

Another dangerous tree with 4 feet of water over it wa8 found directly in the 
path of tow boats engaged in towing rafts of spruce logs from Lake Washington 
to Lake Union. On the west side of Mercer Island two dangerous trees were 
found, one directly in the customary path of a steamer, with 4 feet least depth; 
and another close to shore, with the same depth, was found by striking it 
with the Scmidin<ivia, fortunately running at slow 8peed. · 

A tree with 4 feet on it in 120 feet of water in the north end of Lake wash­
inJ.,>1:on was perhaps the most remarkable ftnil. Home of the trees removed 
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Wt•re leaning, and spvernl were nearly 140 feet In h'ngth. As nc>arl~· 200 trees 
ln all were removPd, the sizP of tbe project becomes ovident. 

The cooperntiou in thlH work waR excellent. '£he engineer in charge of 
the work of the Hnagboat did everything to make the work n Rucei>ss. 'l'lle 
officer in commHIHl of the Swino111:i8h found opportunity to use <'Ver:; part of 
his extensive experience, and their work, development of metho(ls, nnrl results 
were most efficlent aml of the g1·eatest interest to nll who obsene(l the work 
in progn~ss. 

In n<ldltion to thp loeation :rncl n•mvvnl of tn~i>s, a considerable portion 
Of the lake wa~ dragged and prove<! free from obstruction. A 1langerous log, 
Which had lweu struck h~· an Pxcnrsion st<•amPr, was fo1111d nnd rpmon•d lat<•r 
hr the snaghoat. • 

Little hydrogrn11hy wns doue except to souml ou place,; whPre the drng 
struck bottom :rnd where the chartr;; indicated greatpr d<)pth. '£he most im­
portant case was a shoal area in the region of submerged fore>:t, with depths 
of IG to 22 feet wl1Pr<• the chart imlieated 11t lenst 30 feet. 

In Lake Union tlw light beacon and rangPs, m; wen ns some promini>ut 
objects, were lo<'aterl h~· trinngnlatiou to ml'<'t 1he needs for revision of the 
topography. 

'l'he topogrnph~· of tlw shorp:-; of Portnge Bny n111l about one-hnlf of Lake 
Union was re1·ised. 

A search was mnde with the drag for n r<)ported Hnng, which was not found. 
'l'he bridgP site at northwPst end of Jake wai> partly examined with a rnarline 
sweep. 

Of the new rnl'thods developed during this season, the adaptation marline 
sweep was the nwst useful. .'l'he procedure is simpl<). A length of from 50 to 
200 feet of marline is Ui"ed aecording to conditions. '£his is madP fast to 
ordinary lead lines just above tlle lead. 

One of the dinghies should have an outboard motor to b1~ used in getting to 
position, but all towing should be <lone with oars. An oflicer in encll boat 
holds the lead line nt the proper depth, or a little <h~eper if it is desired to go 
faster. 'Vhen nny obstruction is found it is felt nt once. The depth of cntchlng 
may be checked by bringing the encls together 11nd finding how much is under 
water, hnlf of tllis being depth to point of catching. '£his sweep is usnnlly 
cleared by letting go one end and imlling it througll. 

This sweep, though simple, ean do some things that the wire drng is not 
suited for. Ver~· narrow channels, the immediate vkinity of wharves and 
buoys, can be readlly investigated. It has, of course, nlwnys been available, 
but it is doubtful if its value is understood. 

A .:ingle vPssel sweep was pl'epared by members of the party for use in 
locating trees when onl~' one launch was available. Though f11r from perfected 
its usefulness was demonstrated. It seems to have great possibilities, both 
When used from vessels and from launches. Its particular value would seem 
to be for inshore development as it makes it possible to send the sweep closer 
to the shore than it is safe for the launch to go. It also would greatly increase 
the safety of a vessel which is obliged to search for a pinnacle rock or wreclc 
In conditions where a launch drag is not possible. In this case the vessel in 

·- Dnssing a given area once will sweep an area 400 to 500 fe<~t wi<le and thereby 
l'educe the chance of strllring itself. 
· Very little was done to develop wire-drag methods in .generul. As it was 
constuutly necessary to take up and set out the drug, a method which proved 
lldvantageous was to use the standard bottom wire for the lower bridle instead 
Of the larger size. 'l'he latter was retained for the upper bridle and the straight­
away. The advantnges are that it is unnecessary to wi'nd two parts of the 
bridle on the same compartment of thP reel, and thereby twisting and fouling 
le prevented. Both bridles come off the reel nt the same time, however, just 
as before. Another unexpected advantage is that the lower bridle tends to 
con up to a certain extent when the launch is at rC"st and is, therefore, not 
nearly so likely to catch on bottom. 
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GEODETIC 'VOllK. 

LOUISIANA .\NJ> 'rEXAS. 

[CLEM L. GARNER.] 

SUMMARY OF nESULTS.-Reconnolssance: Length of scheme 100 miles, 10 square miles 
of area covPred, 54 linf's of intervisibility determined, 60 points self'cted for scheme. 
Base Jines: 1 primary, 5.900 meters in length. Triangulation: 10 square miles of area 
covered; 60 observing tripods and scaffolds built, height 10 fe<>t; 40 stations in main 
scbeme occupied for horizontal measures; 6 stations occupied for vertical measures; 55 
geoi;:rnphic positions determined. r.at!tude, longitude, and azimuth work: 4 azimuth 
stations occupied, azimuth observed on 6 nights. 

The primary triangulation from the ninety-eig-hth meridian triangulation in 
the vicinity of Gatesville, 'l'<•x., to the errstward, which had bc'en requested by 
the chief of .I<Jngineers, U. S. Arm~·. wai:; in progresi:; at the beginning of the 
fiscal year. 

Primary trlangulrrtion was car!'ied as far as Mansfield, La., where the 
country was in general densely \vooded, fiat, and where the roads were very 
few and in very bad condition. At this point the scheme narrowed down to u 
line of primary traverse following the Texas & Pacific Railway to the south­
east ns far as Alexandria, La., and then following tile Louisiana Railway & 
Navigation Co.'s railway to Napll?S, La., where connection was made to the 
Mississippi River triangulation. That part of the traverse from Alexandria 
to Naples, La., was transferred on September 30 to another party. 

On .July 1 the work was at the Texus--Louislann State line, and on ,July 14 the 
triangulation was completed to Man.;;field, La., where the traverse was begun. 

There were eight stations occupied from July 1 to .July 14, two of which were 
azimuth stations, with one a LaPlace station. 

At the close of this worlc the party was assembled at Mansfield, nnd after two 
days of overhauling and pacldng outfit the party was sent to Jacksonville, Tex., 
for the purpose of clearing the Jacksonville base and preparing the base for 
measurement. 

The chief of party moved to Jacksonville as soon us the base was prepared and 
was in charge of the measurements for the entire line. 

The actual measurements for the base of approximately 9,000 meters was 
made in 12 hours of actual time, not Including the time talrnn out for lunch 
but including all such delays as changing tapes, the crossing of about 30 wire 
fences, und other obstructions which consumed considerable time. 

Upon the completion of the base the party was transferred to Mansfield, La., 
where a larger party for the traverse worl;: to the east was organized. Several 
days were occupied overhauling motor cars (velocipedes) and putting the outfit 
in order and training men for the new duties. 

As was to be expected the progress of the work at the beginning was rather 
slow, but later on as the men became familiar with the worlc a decided improve­
ment was obtained, and in September the party traversed a distance 01' about 75 
miles. The work was started on August 18, and on September 30 the party wali 
at Alexandria, La., a distance of 95 miles. 19 ldlometers of wlllch was over stakes. 

Motor-velocipede cars were used in this work. 
Under instructions of .July 23, u building party was operating; from August l, 

the worl{ was the erection of signals along the arc of primary triangulation to 
the west of the ninety-eighth meridian Jn the vicinity of Oklahoma City. Signals 
were completed to station Relf, but the signal nt this station has blown down. 

On September 30 the traverse party~ wns transferred to another officer, and 
the chief of party left for I<'ort Smith, Ark., to tukCl np work on the arc of 
primary triangulation to the west of Little Rock, Ark. 

GFOllUIA AND NOUTH C.\llOJ !N.\. 

I El. D. BROMLEY.] 

In .Tune, Hl19, a pnrt~' llrHI he<m organizetl to rt~lll<'ttsure the angles on the 
primtu·y trnverse line from Macon to Forsyth, Gu. '.l'llis work was conttnu~ 
after .July. ~rhirty-two stntioni:; were occupiecl for observation of angles after 
.rune 30, and azimuth was determined at· Bolingbrnke and I<'orRyth, Ga. •le 

On the compl1?tion o1' this line the party moved to Grifli11, Ga., and che~~ 
measurements were made between Grifiln nnc1 Barnesville. Tile remeasme 
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ments checked closely with tile prPvious measurements, and no apilreciable 
error was discovered. 

The party then proceeded to Sanford, N. C., to remeasure certain angles in 
the arc of primary t1'iangulation from Sunford to the oblique arc. 

As ruost of the observing towers had been destroyed a party was organized 
to rebuild them and to clear the intervening ridges. When this hud been 
accomplished the observation of angles was begun. Acetylene lights were used, 
and the observing was done at night. 

The revision work extended from the connection of the primary triangulation 
at Sanford, N. C., to the line Asheboro-Climax. 

A LaPlace azimuth was .observed at Sanford, N. C. 
The chief of party 1tnd a recorder then proceeded to Stunrt, Va., where the 

angles in the quadrilateral joining on tile oblique arc were to be remeasured, but 
owing to continued unfavorable wenther this was not completed, and work 
was closed for the season un<l<>r instructions, December 19. 

LOUISIANA. 

[LEONARD JI. ZEMAN.] 

SUMMARY OF I<ESUL'l'S.-Reconnoissunce: Length of scheme 65 miles, 8 square miles 
of area covered (Including loops only), 75 points selected for scheme. Primary traverse: 
53 signal poles erected; 31 observing tripods built, heights from 4 to 30 feet; 36 observ­
ving scaffolds built, hl'lgllts from 4 to 30 feet; 60 stations In main scheme occupied for 
horizontal measures; 15 stations in supplemental schemes occupied for horlzuntal meas­
UrCR. Leveling : 15.5 miles of levels run. 

The party engaged in running a precise traverse in Louisiana which had been 
begun by Clem L. Garner, was transferred to Leonard H. Zeman, October 1, 
1919. The party was then in the vicinity of Alexandria, La., having brought the 
traverse down to this point from Mansfield, La. 

'l'he plan adopted was to carry the traverse through Alexandria, La., to 
Naples, La., over the tracks of the Louisiana Railway & Navigation Co. 'l'he 
Atchafalaya River was crossed by triangulation and the tmverse resumed on 
the other side of the river. The route taken was along tile level of the old river, 
and the traverse was measured over stakes until connection was made with the 
triangulation points of the Mississippi River Commission, completing line from 
Waco, '.l.'ex., to the Mississippi River. The Waco (Tex.) to Mississippi River line 
was carried by primary triangulation from the vicinity of Waco, Tex., to South 
Mansfield, La., and fl'om South Mansfield, La., to the Missi.ssippi River by 
Primary traverse. 

[E. B. LATHAM.] 

In May 1920 a remeasurement was made of the ungles ut stations along 
tl1e line of tra v~rse between stations Sodus and Peanut, in which certain dis­
crepancies had been discovered. 

'!'his work began May 12 and was completed Mny 27. 

ARKANSAS AND OKLAHOMA. 

[CLEM L. GARNER.] 

SUMMAUY OF 1tEsuv1•s.-'l.'rlangulntlon: 1.!lOO square miles of urea covered: 1 observ­
lt1g tripod unrl Rcnffold built, height 5 frC't; 18 stations in main scheme occupied for 
horizontal nwnsures: 18 stations occupic<l for vert.icnl measures; 25 geographic positions 
determined; !lO eleYntlons dPtermined trigouomctricnlly. Latitude, longitude, and azimuth 
Work: 2 azimuth stations occupied, azimuth ollserved on 2 nli;hts. 

Between October 1 and December 22, l!Jl.9, primary triangulation was exe­
cuted In tile Stntes of Arkansas and Oklahoma in continua ti on of a scheme 
carried on in 1916-17, and was tnken up at the point wl.J.ere that work was 
closed in the vicinity of Fort Smith, Ark. 

In the latter part of October a building party, which had been operating in 
Oklahoma, was transferred to this work. 

Observations were begun .October 15 und ended December 14, when 18 
stations had been occupied. It was not necessary to reoccupy any station. Due 
to the mountainous country and the fact that tile outfit had to be packed to 
all stations, except at the last .part of the work, it wns not possible to make 
more than one f!tation every two <lays under the best of conditions. This 
av~rage was obtained for periods of several days nt a time, but could not be 
llla111tnined during Jong periods on account of unfavorable wenther an1l the 
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resulting bad roads. Several periods of rain~· weather, and, at times, foggy 
weather, caused delays of man~· duys. 

'.rile work was brought to a close in the vicinity of McAlester, Okla., just after 
all of the stations in the Savanna base net had been occupien. When work is 
reimmed in this locality the chief of party recommends thut the base line be 
measuren before proceeding with the. triangulation. McAlester affords best 
facilities for the organization of a party of any place in this locality, and from 
there the base line is <msily accessible. 

'l'he base is an old hase line of the Geological Survey, but the north base 
station has been destroyed, and as the reference marks are somewhat indefi­
nite the check on the GPological Survey base will be. rough. In order to avoid 
building a 30-foot signnl the 1ww north base station (us established by the Coast 
and Geodetic Survey party) was plnced ahout: 25 metPl's <listnnt: from the 
position of the Geological Survey mark. 

AHIZONA. 

[CLEM J;. GAltNER.] 

'.l'he 11rimary triangulation between Nogales u11d Ymuu, Ariz., which hnd 
been carried on by George D. Cowie, wus completed after May 22, 1920, by 
Clem L. Garner, who occupied the three triangulation stations necessary to 
make connection with tlw '.rexas-Californin arc of primary triangulation. 

This work was done at the request of the \Var Department. 
Mr. Garner took up the work near \Velton, Ariz., nnd c:loscd work at Yuma, 

Ariz., March 30. 
After returning property belonging to the Army the party 011 A11ril 7 left 

by truck for Albuquerque, N. Mex., by way of Prescott, Ariz., to take up work 
umler another assignment. 

NEW MEXICO AND ARIZONA. 

[CLEM L. GARNER.] 

SUMMARY Oil' RESU1:1•s.-Base lines: 1, 11.5 miles in length. '.L'rlangulation, primary: 
6,650 miles of nren coverecl, 6 stations In main scheme occupied for horizontal measures, 
6 stations occupied for vertical measur<'s, 22 geographic positions determined, 18 eleva· 
tlons determined trlgonometrically. Azimuth: 3 stations occupied for determination of 
azimuth. 

Between April 1 and June 30, 1920, a prinmry base line was measured and 
primary triangulation was llone In the general vicinity of Belen, N. Mex. This 
triangulation is a link in the arc which will eventually extend from Little Rocle, 
Ark., to the Texas-California triangulation just to the south of Williams, Ariz. 

The party started to the field on May 3 from Albuquerque to the Belen base 
line, a distance of 55 miles. Camp was establishecl In the center of the base 
line 22 miles south of Belen, and actual work on the base line was begun May 
7. The base is approximately 11.5 miles, or 18,300 meters in length. 

As soon as the base measurements were completed on May 26 the observa­
tion of angles was begun. A subparty was organized to occupy the stations on 
the south side of the scheme while the chief of party mndc the obscrvntions on 
the north side of the scheme. 

All stations west of and including North Base and South Base were occupied, 
and by June 30 the worlc was completed to the line Taylor-Alegros, 6 stations 
having been occupied by this time. 

INDIANA. 

[,J, S. BILBY;] 

SUMMARY OF RlllSUL'l'S.-Primary traverse: Reconnoissance and signal building com­
pleted, 115 miles, obse1·vlllg 100 m!J<>s, taping and traverse completed 65 miles, 76 
principal stations occupied for horizontal measures, 10 supplemental stations occupied for 
horizontal measures. Azimuth: 7 stations occupied for. determination of azimuth. 

In the latter part of March preparations were made for making a reconnols­
sunce for primary triangulation or primary traverse approximately through the 
center of the State from north to south. The triangulation was planned to 
start from the transcontinental triangulation and to connect at its northern end 
with the triangulation of the United States Lake Survey. 
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On April 25 the actual work ou the reeonnolssauce and building was started. 
Trip11, 11 station on the transeontinental arc, 1 mile to the westward of North 
Vernon, was the initial point from whieh the work was started. The recon­
noissance and Jrnilding only were in O]Jeratiou until lHay 7; an obSl~rving party 
was then organized, and the reconuoissance, building, and observing were in 
operation to June 8. This part of the work wa>< completed to a point 3 miles 
north of Noblesville, a <listance of 90 miles. The combined party then moved 
back to North Vernon and started the tape measurements. By June 22 about 40 
miles of the measurement were completed, nnd work was resumed on the recon­
noissance and building, and by June 30 all work was in full operation. 

'Vork had been completed by that date as follows: lleconnoiss:rnce and build­
ing, from Tripp station to Kolrnmo, distanee 115 miles; observing of angles and 
azimuth, from 'l'ripp to Tipton, tlistanee 100 miles; tape measurements, includ­
ing grade le,'els, angles at A nnd B stations and nll Incidental work necessary 
to complete the traverse, from Trip1) to n<>nr l'<'ndleton station, in northeast 
Indianapolis, distance 65 miles. 

The worl{ was started from Tripp, a station on the trnnscrmtinental arc, about 
1 mile to the westward of North Vernon, and about 850 meters south of the 
Baltimore •"" Ohio Hallroad track. Tlle tape measurement was on stalrns from 
Trip11 to the Baltimore and Ohio Railroad; then on the Baltimore and Ohio 
Railroad eaRt l mile to the jun<:tion of the Baltimore & Ohio and the Pennsyl­
vania Railroads to Troy Street, thence east 2 miles (on concrete pavement) on 
Troy Street to Sherman Drive, thence north on (concrete) Sherman Drive 2 
miles to ProspeC"t StrPet, thence east 1 mile on (concrete) Prosvect Street to 
I<~merson Avenue, thence north 5 miles on (concrete) Emerson Avenue to Tllirty­
eighth Street, thence west 2 miles on (concrete) Thirt.v-eightll Street to Key­
stone Avenue, thence north on stakei:: nlong Keystone Avenue H miles to the 
Lalrn Erie & 'Vestern Railroad, thence nort:hwarcl on t11c Lake I<irie and "restern 
Railroad through.Noblesville to Kokomo; 

At the close of the fiscal year, June 30, 1920, the reconnoissance, building, ob­
servl11g-, tape me1murements, and gra1le JeyeJs were in progress. 

IN!JJ.\NA ANll CALJFORNLI. 

[C. V. HODGSON.] 

In .Tune, Hl20, nn i11s11eetion was made of the primary trnverse v.a1ty 01H~r11tlng 
ln Indlmrn. 'l'he Rection of the party engaged in measures with tape was doing 
good work and mntdng satisfactory progress. Part of the traverse was run 
through the outskirts of the city of Indlannpolis. The traverse was run over 
the conerete piwem<>nts of the city with certnin slight modifications in the exist­
ing methods. 

Four or five days were spent with the forward section of the party whl: h was 
engaged In reconnoissnnce, signal building, and observing horizontal angles. 
There, also, favorable conditions regarding progress of the worlc were en­
countered. The party was then covering well over 100 miles per month, which 
was regarded as very good. 

The party engaged in primary triangulation In California was next visited. 
Here the conditions were found to be less favorable, owing both to the topography 
Of the country and the difticulty of obtaining the necessary labor. Progress was 
therefore slow. A double observing party had just been organized which had 
Previously been prevented by Incl{ of men. 

The omcer making the inspection left California July 17, and reported at the 
Offlcp of the Survey In 'Vnshington, July 26. 

OJ{T.AHOMA, CALIFORNIA, AND OREGON. 

[.T. S. BILBY.] 

2 
SUM:MAllY OF 1tESULTs.-RC>conuolssn11cc for trlaugulatlon: Length of scheme 375 miles, 

2,700 square miles of a1·ea covered, 37 points selected for scheme, 22 supplemental points 
'selected for scheme. Base lines : 1 primary 9 miles In length. 

Field worlc of reconnoissance and signal building on the arc of trhmgulation in 
Texas and Louisiana was completed on June 30, 1919, and the outfit and such 
lllembers of the party as were needed were moved to Fort Smith, Ark., from 
Which place work on the Arlrnnsas-Oklahomu arc of triangulation was taken up. 
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During the season of 1916 this triangulation had been extended from the 
vicinity of Little Rock westward, the observing party reaching Hartford, Ark .. 
in the vicinity of the Arkansas-Oklahoma State line. At the close of the same 
season signals had been built and stations prepared to the vicinity of Ada, 
Okin., and 27 stations remained to be occupied. 

These unoccupied stations were now inspected, aud signals were repaired 
and plumbed over the station murks. By August l the 27 unoccupied signals 
had been repaired and l new signal built. 

The signals erected in 1.916-17 were all standing except one which had been 
removed. From others some of the braces had been removed. No l"ignal had 
been !Jamaged by storms. 

During the progress of the work in Oklnhomn plans WPre nmtle for ~,·ork ns­
slgnecl in California and Oregon. 

On August 12 the chief of party left I•'ort Smith, Ark., to take up the worl< 
in California in the region of Mount Shasta, stopping at Salt Lake City to 
confer with G. D. Cowie in regard to the worlr and to obtain a motor truck 
for the use of the party. 

The shipment of the trucks ordered had been delayed, and it was necessary 
to make other arrangements for transportation. 

'.rile chief of party arrived at Redding, Calif., August 21. While arranging 
for trausportation and other details of the work tl1e district engineer of the 
Forest Service and the forest supervisor of the Mount Shasta National Forest 
were consulted, and a plnn of work was outlined in accordanee wlth the needs 
of the I!'orest Service. 

By September 15 the reconnoissance for the Mount Shasta region htul been 
completed and the results transmitted to the office of the Survey in Wash­
ington. 

By the request of the assistant district engineer the Mount Shusta project 
was extended eastward to connect and furnish primary control for the surveys 
now being made by the engineers of the Forest Service in the Modoc National 
Forest. The headquarters office of the Modoc Forest is at Alturas, Calif. The 
forest supervisor at Alturas will cooperate in the work done in the Mo<loc 
Forest. 

Provision was made for several stations in the Klamath National l•'orest 
to furnish control for surveys planned by the Forest Service. The heaclquurters 
office of the Klamath Forest is at Yreka, Calif., and the forest supervisor of 
the Klamath district will cooperate in the work. 

A connection was provided for with triangulation stations m;tablishell by tile 
United States G1~0Jogical Survey in Shasta nnd Lassen Counties, Calif. 

Stations Ball.v and Bolivar, with Mears as thir<l station, were m:ed as a base 
for the Mount Shasta project. ·These are stutions of the Cullfornia-\Vashing­
ton urc of primary triangulation. 

On the completion of the Mount Shasta survey the reconnoissance fo1• primary 
triangulation was extended across the State of Oregon in a northeasterly dlrec· 
tion to a connection with the Utah-Oregon arc of primary trinngnlntion ln 
Oregon and Idaho, in the vicinity of Nyssa, Oreg. 

The reconnoissance for the California-Oregon arc was extentlell from stations 
of tlle Mount Shasta survey, following the most practicable routes and being 
always within reach of fairly good roads, so that no difficulty was found in driv­
ing the motor trud{ within walking distance of all stations. The country is fairly 
well supplie<;l wlth water, and there are many small stores at whleh gasoline, 
oil, and other supplies can be purchased, so that it was not necessnry to carry 
a large amount of such supplies. 

Tlw scheme of work passed through the Fremont National Forest, und iu addi­
tion to the stations in the main scheme several secondary stations were pro­
vided which wlll furnish good control in easy reach of all parts of the Fremont 
Forest district. The headquarters office of the Fremont National rrorest is at 
Lakeview, Oreg. There is no timber on the peall'.s and very little timber of any 
kind to the eastward of the Fremont Forest. There are a few scrub codars and 
junipers in the draws and canyons. 

The reconnolssance was completed to a connection with the Utah-Oregon arc 
October 19, and the chief of party left Nyssa, Oreg., October 20, to carry the 
reconnoissance outfit to Osgood, Ind. 
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UTAH AND ARIZONA. 

[GEOUGE D. CowIE.] 

SuMMAnY OF misuw:s.-Rcconnolssance for triangulation: Length of scheme 120 miles, 
6,2oO square miles of area covered by rcconnoissance. Triangulation : 2,000 square miles 
of area covered, 9 stations in main scheme occupied for horizontal measures, lo stations 
In supplemental schemes occupied for horizontal measures, 24 stations occupied for vertical 
measures, 40 geographic positions determined, 40 elevations determined trlgonometrically. 

On July 1, 1919, work was in progress on the scheme of triangulation in 
Utah; undertaken at the request of and in cooperation with the United States 
Forest Service. , 

'£he reconnoissauce had been completed and observing stands erected, and ob­
servations of horizontal and vertical angles had been begun.-

Observations had been begun at the southern end of the scheme and were 
com11uted about October 18. Difficulty was experienced on account of the light 
keepers not showing promptly on long lines and on account of deep snows and 
('Old weather in the latter part of the season. 

The average elevation of the peaks occupied wus 11,000 feet, but no great 
difficulty was experienced in packing to the peaks, as pucl{ horses could be ob­
tained usually within 30 miles of the stations. 

The urea surveyed was about 2,000 square miles, and numerous tertiary points 
were located to control a plunetable survey. 

At the close of the season the party was trm~sferred to southern Arizona, and 
after a short time spent in reconnoissance began observations on the line from 
Nogales to Yuma. The work was undertaken at the request of the United 
States Ariµy Engineers. 

Observation of angles was begun about December 1, and by the end of the 
Year three stations, one of which was an azimuth station, had been occupied. 
The line starts from stations Baldy and Catalina of the Texas-California arc, 
follows the general course of the Mexican border, and Is about 30 miles north of 
it. Several points on the border will be tied into the work. 

During the season transportation was by rented cars and one Coast and 
Geodetic Survey motor truck, and by pacl• animals hired locally. 

On September 29 Instructions were issued for the execution of certain triangu. 
latlon in Arizona which had been requested by the Chief of Engineers, United 
States Army, the work to be taken up on completion of surveys in Utah then in 
Progress, 

The expenses of this work were partly provided for by funds allotted -by the 
Chief of Engineers. 

After the close of field operations in Utah at the end of October such members 
Of the party as were required, with the necessary equipment, were transferred 
to Nogales, Ariz. 

On November 18 tho entire party started out to erect the primary stands and 
isecoudary poles in the first quadrilateral, which was rather large for the needs of 
the Army, but necessarily so on account of the long line of the Texas-California 
arc of triangulation from \Vhlch this work had to start. In one weel• sufficient 
building had been completed to permit primary observation to begin, and the 
light keepers were placed on their stations, the observing party going to Mount 
Baldy on November 26. A blizzard and failure of light J;:eepers to show properly 
delayed the party several days at this station. 

Several other stations were completely covered with snow, making climbing 
~Jfficult and cold, and frequently keeping the higher peaks in dense clouds, 
•uount Baldy being completely covered for 10 days at a time. 

Once off the first quadrilateral, progress was better, the country being lower 
llnd drier. 

Throughout the season local men had to be hired as light keepers, and not 
0ne of them finished the season. At least a dozen men quit or were discharged, 
lifter working from 3 to 20 days; without notice, leaving their stations un­
attended . 
. '.l'owanl the end of the season. the building party having completed work and 
Joined the main party, the experienced men were used as light keepers and the 
Work progressed rapidly. During this last n1onth six difficult stations were 
occupied before the 21st and three more by the end of the month. 

A.t only two stations could pael>: burros he used to ~arry ontfit, the rest being 
stations requiring from one to five hours back-packmg with about 50 poumls 
Der man. Water was seni·ce ancl roads poor, but in many places .trucks could 
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be driven close to the foot of the mountain. Light keepers were supplied with 
kegs of water and supplies to run them nearly one month. 

Transportation was by means of 3 or 4 !!-ton trucks, and one half-ton Dodge 
loaned by the Army. 

There were about 17 main stations, with about 7 boundary monuments occu­
pied, and 12 secondary points, and in addition nearly 25 intersection stations 
at which signal poles were erected besides numerous natural objects. At 5 
stations azimuth was observed in connection with the regular work. Au effort 
was made to determine a point in eyery 15 miles. 

As many of the mountains were difficult and dangerous to climb, the light 
keepers and the observing party occasionally slept at the station in a blanket 
or the obserying tent or else sat by a fire until daylight rather than attempt 
coming down at night. 

The entire work covered a distance of 250 miles, with a width of about 50 
miles, and ended in California on a station of the Texas-California arc. 

WASHINGTON. 

[A, M. SOBIERALSKI,] 

SUMMAitY Oil' llESULTs.-Rcconnoissance for primary triangulation : Length of scheme 
117 miles, 914 square miles of urea covered, 65 points selected for scheme. Base Jines, 
reconnoissance: 2 sites selected for base lines 5,300 and 3,600 meters in length. 

Under lrns~ructjons dated July 31 and September 12, 1919, a reconnoissance 
was made for a scheme of primary triangulation extending from Puget Sound 
to the international boundary line to connect with triangulation executed by 
the Canadian Government surveyors. 

The launch Audwin, formerly a submarine patrol launch, was assigned for the 
use of the party but required extensive repairs to the engine and hull before 
being put in commission. Hepairs were completed October l, and October 2 
field work was begun. Work was closed and the party disbanded January 
11, 1920. . 

The Puget Sound country is heavily wooded, the trees attaining a height of 
175 to 200 feet, and n dense underbrush makes it difficult to travel nway from 
the trails. Few Jines can be found that are not obstructefl by trees, and there 
are no prominent hills until the San .Juan Islands nre reached. Clearing is 
almost out of the question, and the great height of the trees makes scaffold 
building equally difficult. For these reasons the triangulation ls necessarily 
confined to the shores. 

The shores are genernlly faced by steep gravel bluffs varying in height from 
50 to 300 feet. These bluffs are continually heing eroded, and in many places 
are receding quite rapidly, often making it necessary to abandon houses built 
near the edge. Under these circumstances it is ditficult to find a place for a 
permanent station, and most of the old stations have been destroyed. A special 
effort was made to recover two adjacent stations of the old scheme, but without 
success. 

The scheme adopted follows closely the original scheme ol' 1856. Some 
difficulty wus experienced In finding enough of the 11rimary stations in the 
vicinity of Tacoma for a line on which to start. The line Dron-Smelt was the 
only one available. 

A reconnolssance was made for .two base lines, one in the vicinity of Seattle 
and one in the vicinity of Port Townsend. A site was finally selected along the 
West Seattfe ridge and another along the shore of Admiralty Bay from Fort 
Casey eastward. These are 5,300 and 3,600 meters in length, respectively, 

The azimuth station at Port Townsend was recovered and provision made 
for a connection with the main scheme. 

A connection with the triangulation by the United States Army Engineers was 
provided for in the vicinity of Protection Island. 

CALIFORNIA. 

[E.W. EICKELBERO.] 

SUMMAllY Oii' 11ESULTs.-Trlangulatlon: 375 square miles ·of ar<'a covered. 21 observing 
stands erected, 4 stations In main sch<'me occupied for horizontal mPasurl'B, 5 stations 
occup!Pd for vertical meaAnrl'R. 7 l!eogruphic positions determined, 7 elevations deter­
mined trigonometrlcally, Leveling: 2.6 miles o levels run. Azimuth: 1 azimuth station 
occupied, observations for azimuth made on 1 night, 

In June, 1920, a party was organized for carrying on the primary trlangula· 
tlon from the vicinity of l\fount Shasta, Calif., northeastwardly across Orego11 



RBPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 143 

to the vicinit.v of Ontm·io, Oreg., following a reconnois;;ance made during the 
season of 1919. 

This work was undertaken in cooperution with the Forestry Set·vice. 
Field worJ{ was begun .Tune 12 nt Redding. Calif., nrnl was in progress at 

the close of the fiscal year. 

AnrnONA AND CAJ,IHJHNIA. 

IC. V. HODGSON.) 

SUMMAlO' OF HESUL'l'S.-Rcco11noissn11cc: Lp11gth of scheme 45 miles; 1,350 square mlles 
of area covered; 10 lines of Jntervislbility determined; 4 points selected for scheme. 
Base lines, one 10 miles in length. Triangulation : 8,650 miles of area covered ; 42 
observing tripods and scaffolds bnllt, heights, one 42 feet (others instrument stands) ; 
14 stations in main scheme occupied for horizontal measures; 1 station in supplemental 
scheme occupied for horizontal measures; 15 stations occupied for vertical measures; 18 
geographic positions determined; 18 elevations determined trlgonometrically. Azimuth: 
2 stations occupied for determination of azimuth. 

At the beginning of the fiscal year work was in progress in Arizona on the tri­
angulation undertaken for the purpose of furnishing control stations for topo­
graphic worlr by the Forest Service in the Arizona Natlonnl Forest. Observa­
tion of angles had been begun .June 8. 

The progress of the work was slow, owing to the difficulty of obtaining suitable 
labor and by reason of unfnvornble weather; and on October 9 the chief of 
party wus directed to discontinue observations, measure the Prescott buse, and 
proceed with the connection of the California-Mexico triangulation In vicinity 
of San Diego, Calif. The measurement of the Prescott base was completed 
October 25. After consultation with Mr. Urquijo, who had charge of the tri­
angulation party on the Mexican side, and making the necessary preliminary 
arrangements, observations were begun on the California-Mexican connection 
on November 8, and the work of the American observers wus completed 
November 14, but owing to large closures it became necessary for the Mexican 
observer to reoccupy all of his stations and for the light keepers to remain at 
their stations until he had finished. The final results showed a sutisfactorv 
~mm& · 

Field operations were completed November 23, and the party left San Diego on 
the following day. 

N~JW YOHK. 

(0. W. FEUGUSON.) 

SUMMARY Oil' uESUI/l'S.-Predse leveling: 481, permanent h<'nch murks cstubllsbed, 131 
t<'mporary bnnch mnrks estnbllshcd, 319 miles of leveling run. 

At the beginning of July, 1919, work was in progress on the line of precise 
levels westward from Houses Point, N. Y., and 9.8 miles of leveling had been 
completed. 

The work was done on foot, but the party and equipment were transported 
to and from the locality of the work by automobile. 

The route followed was along the Rutland Railroad, Hurmounting a high 
summit at Churubusco, to Norwood, then southwestward through Potsdam, 
Canton, and Waterford, skirting the Adirondaclrs. A 30-mile spur line was 
run to Cape Vincent and Tibbets Point, then back to Watertown and continuing 
~hrough Richland, Pulaski, Oswego, Scriba, Sodus, Williams, and many smaller 
towns. The line presented many steep grades. The region traversed is mostly 
cleared and occupied by dairy farms. 

Connections were made whenever practicable with Geological Survey and rail­
road bench murks. Two hundred and twenty-four such bench marks were re­
covered and connected with the line of precise levels after June 30. 

The average progress made was 66 miles a month, and the greatest length of 
line run in one day was 10.68 miles. 

Work was closed November 25, 1.5 miles west of Williams, Wayne County, 
~· Y. connection having been made with the line of precise levels run by Paul 

· Truebloo_d eastward from the vicinity of Niagara Falls, N. Y. 
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TEXAS AND LOUISIANA. 

[C. M. DURGIN.] 

SUMMARY OF RESULTs.-rrecise leveling: 168 perman!'nt bench marks establishPd; 360 
miles of leveling run betw~en July 1, 1919, and January 6, 1920. Precise leveling was 
done as follows: July 1, 1019, to August 20, 1919 between Jewett and Gallatin; August 
20 to November 14, 1919, between Stonewall nnd Naples, La. ; November 14 to 22, 1919, 
river crossing with precise Jpvds at New Orleans La. ; November 22. 1919, to January 
6, l!l20, In Texas and Louisiana between Stonewall, La., and Tenaha, Tex., with spur line 
from Kelthv!lle to Shreveport, La. 

The line of precise lew~ls from Hillsboro, Tex., to Naples, La., followed the 
Trinity & Brazos Valley Hailway and Houston & Texas Central Hailroad from 
Hillsboro to Jewett, Tex. From Jewett to Palestine, 'l'ex., the line of levels was 
carried along the International & Great Northern Hailway, and from .Jnclrnon­
ville to Gallatin, along the 'l'exas & New Orleans Hailroad. The T<'xas & Pacific 
Railway was used between Shrevepo1t and Alexandria, La. ; The Louisiana 
Hailway & Navigation Co. between Alexandria and Naples, La.; and the Hous­
ton East & West Texas Hailway from Keithsville, La., to Tenaha, Tex. A shurt 
spur line between 3 and 4 miles long \Vas run north from Alexamlrla, La., along 
the .Missouri Pa<'ific Hailroad to give grade corrections for the precise traverse 
which had already been started toward Natchez, Miss., before it was decided to 
carry the traverse to Naples from Alexandria, La. 

One 12 BM Buda motor velocipede and one Mudge E6K were used to trans­
port the party to and from and during the work, from .July 1 to November 14, 
1919. The instrument was mounted upon the Buda car. This is a very satis­
factory arrangement, as the Mudge can be used by the recorder and one· 
rodman during the work in moving from one instrument station to another. 
From November 14 until the end of the season two :\fudge motor cars were 
used. After December 14, on account of the high charge for services of con­
ductor, hired automobiles instead of motor cars were used for transporting 
the party. 

On August 20, 1919, the party was transferred from Jacksonville, Tex., to 
Mansfield, La., in order to follow closely the party which was carrying precise 
traverse from that point to the Mississippi !liver. In leveling in connection 
with the precise traverse, connection had to be made with points on the track 
opposite traverse stations, mile poles, railroad stations, water tanks, trestles, 
section houses, etc., and also on the top of the rail at the top and bottom of 
grades, in order that inclination corrections might be computed for the taping 
done by the traverse party. 

Connection was made with triangulation stations which could be easily 
reached Jn order to give a horizontal control to the triangulation. Nearly all 
traverse stations were connected with and these served as permanent bench 
marl;:s. 

In order to J;:eep from having that part of the line of precise le\'els between 
Mansurn and Naples, La., a spur line, a river crossing was made across the 
Atchafalaya Hiver between Naples and Burbres Landing. At Barbres Landing 
connection was made with two bench marks of the Engineers, U. S. ·Army. 

A river crossing ac1·0Rs the Mississippi Hiver near New Orleans, La., was 
made for the second time. 

Between Jewett and Gallatin, Tex., and between Tenaha, Tex., and Naples, 
La.,. a distance of 360 miles, 168 permanent bench marks were established, an 
average of 1 1~ermunent bench mark for ,every 2.1 miles. 

Concluctoril were required to pilot motor cars on the following railroads: 
International & Great Northern Railway, 'l'cxas & New Orleans Hailroad, Hous­
ton East & \Vest Texus Hnilw:1y. 

CAT.lFORNIA .\Nil OlU-:001\', 

[C. A. rnoNim.J 

SuMMAHY CF m~suw·s.-Pr0eiso 1Pv01i11g: 237 pcruinnPnt bench marks established, 203 
scconda1·y hench rnnrks established, 382.0 mlles of levels rnn. 

On .July 1, Hl1D, work wns in progres>: on the line of precise levels along t11c 
line of the Southern Pacific Hailroa<l from Kirk, Oreg., towarrl Iloseville, Calif. 
Permanent a1Hl tempornry beneh marks hnd been :-;et from Leln, Oreg., south­
ward to Ady, Oreg-., a (]istanee of 2() mi1l'f;, arnl leveling- hnd been <lone on two 
dny8. Wm·k on the r;pm· line to comwet with t:he Geolo:.;ieal Hnrvey bench 
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marks at Klamath Inrlian Agoncy was assigned to a subparty, while the; main 
Party continued southward from Klamath ])'alls, using two .motor cars. In 
August one of these cars was damaged by a wreck in a tunnel near Dorris 
and the party was deprived of its use for a month. Proceeding with one car 
fair progress was made in spite of heavy grades below the summit at Grass 
Lake, Calif., so that by Labor Day that part of the work on the section north 
Of \Veed was completed .and the two parties werl' ready for leveling on the 
main line down the Sacramento Valley. 

At tltls time two additional motor cars were received and inspection was 
made of the worl{ by an officer from \Vashington. Some delay was caused by 
another wreck and the caving in of a tunnel on the Southern Pacific Railroad. 

The season's work closed at Roseville, Calif., November 23, and the party 
Proceeded to San .Jose to take up another line. 

The officials and employees of the Southern Pacific Railroad coopernted with 
the ll'veling party in every way practicable. 

CAJ.U'OHNL\, 

[ C. A. EGNER.] 

SUMMAllY OF ltESUl.TS.-Precise leveling: 240 permanent bench marks established, 481.0 
miles of levels run. 

Between December 1, 1919, and March 19, 1920, a line of precise levels wa,.. 
run from San Jose, Calif., along the coast line of the Southern Pacific Railroad 
to Santa Ana, Calif., with spur Jines from Del Monte Junction to Monterey nn<I 
from Los Angeles to San Pedro, Calif. 

Having closed the previous season's work nt Roseville, Calif., late in Nove1JJ 
her, the two sections of the party were immediately trm1sfc>rrecl to Sun .Jose, 
Calif., and Snlinas, Calif., the chief of party running his equipment through 
to the former place to make connection mere with Coast and Geodetic Surve:y 
bench marks of the 1912 work which were to provide the elevation to be cal'l'iell 
through, one subparty being instructed to start leyeJing at Salinas und to work 
south. l'lans having worked out as 1leBired, both seeti•ms were rea1ly to stnrt 
leveling on DecPm'ber 1. As severul trained men l'C'mnined with the party 
through the trnnsf<>r from n party in Louisinna, the C'quipment wns likewise 
excellent. . 

Connection wns made with tlHl work of the Hubparty near Salinas, Calif., 
as well as the spur line to l\Jo11terey, there 1o tie onto u pre,·iously established 
tidal bench mark and connect with tidewater. 

The leveling moved onward with accelerated speed throughout January. By 
the end of the month the subparty had moved 1::1outh to Ventura, Calif., for the 
final stretch. 'l'here, In spite of discournging ill fortune with wrecks, injuries 
to men, etc., work was continued in February, and the greatest amount of prog­
ress was made in that month. The desert country along the coast from San 
Luis Obispo south furnished an incentive for speed, and Santa Barbara was 
reached by the main party early enough for us to move to Los Angeles by Wash­
ington's Birthday. IIere were encountered the usual difficulties incident to 
Work with a large city, and it was n real relief to move on down the line to com­
Dlete the work near Santa Ana. Conditions here approached the ideal, and with 
favorable weather the connection with the previous worlr at Santa Ana, as well 
as the spur line to San Pedro, was curried out promptly. A subparty was 
lneanwhile approaching Los Angeles from the north; so that both sections com. 
Dieted their part of the field worJr simultaneously. The season's work was 
Closed at Burbank, Calif., on Friday, March 19, the records having been mailed 
0n that date, the equipm('nt shipped, and the party en route to the new line In 
northern California. 
J> Connection with tillewnter wus m:tde at Monterey, and at San Pedro, Calif. 

revlously established bench marks nt Gaviotn and San Pe1lro, Calif., with 
Which it had been intemled to connect, were not found. 

Motor-velocipede cars were used in this worJ{ for the transportntlon of per-
8?llne1 and equipment. Greatest progress ·made Jn one clay was 25.5 miles of 8
1
1ng1e line on March 9, an amount thnt has not been exceeded in work of this 

c ass. 
Q Connection was made throughout with bench murks e>~tahlished by the U. S. 

eological Survey. 
The officials of the Southern Pacific Ruilroa<l cooperated in the work. 

12783-20--10 
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CAUFORNIA AND OR~;GON. 

[C. A._EGNER.] 

SUMMARY OIJ' RESULTS.-l'reclse leveling: 199 permanent bench marks established, 265 
temporary bench marks established, 325. 7 miles of levels run. 

Between March 22 and June 13, 1920, precise leveling work was done on a line 
along the route of the Southern Pacific Railroad from Weed, Calif., northward 
toward Portland, Oreg. After June 13 the work was continued by another 
officer. In order to eJ1..l)edite the work two men were detailed to set lJench 
marks for that portion of the work from ·weed, Calif., to Portland, Oreg., a dis­
tance of 425 miles. This worl( was satisfactorily accomplished. 

The route during March was over the most ditficult portion of the road. The 
summit of the Siskiyou range of mountains, more than 4,000 feet above sea 
level, rises near the California-Oregon State line, and here the combination of 
exceedingly heavy grades, dangerous curves, and bad weather retarded prog­
ress. In the latter part of April and throughout May the weather was more 
favorable, and good progress was made. 

'rhe charge of the party was transferred to another officer on .Tnne 13. 

OREGON. 

[CASPEU M. DunGJN.) 

SUMMARY OIJ' nmHJUJ•s.-Levellng: 55 mil;•s of levels run, 24 permanent bench markd 
Pstablished. 

On May 5, 1H20, the work was begun of organizing a party to run n line of 
precise levels ncross the State of Oregon from the vicinity of Klamath l~alls to 
Ontario, Oreg. A suhparty was organize<! in orcler to expedite progress in this 
work. 

Automobile trucks were used for the transportation of the party. 
'l'he work was in progrPSS at the end of June. 

TI•:XAS AND LOUISIANA. 

l w. B. l<'AlltFIEr.o and .r. I-0. MCGRATH.] 

SUMMAitY OIJ' m;imw.•s.-Latitude and longitude: G primary latitude stations estab· 
llshed, 9 difr('l'Ntces of longitude (telegraphic) determined. 

During the period between ;July 1 and December 31, 1919, ditl'erences of 
longitude were determined between La Place, Tex. (Eagle Pass), and Johnstone, 
Tex.; Dryden, Tex., and ;Johnstone, Tex.; Dryden, Tex., and Stanton, Tex.; 
Tehuacana, Tex., and Austin, Tex.; 'l'elrnacana, Tex., and .Jacksonville, Tex.; 
Mansfield, La., und .Tacksonville, Tex.; Mansfield, &:.a., and Boyce, La.; 'l'orras, 
Lu., and Boyce, La.; Torras, La., and Little Rock, Ark. 

Latitude was determined at Dryden, '!'ex.; .Tohnstone, 'l'ex.; 'l'elrnucana, 
•rex. ; .Jacksonville, Tex. ; Boyce, Ln. ; and Torrns, La. 

On April 23, in accordance with instructions, certain test measur<?rnents were 
made at Weaver triangulation station, La. 

Field operations were closed for the season on April 28. 
The ·western Union Telegraph Co., as usual, rendered assistance in the use 

of their lines nnd making necessary connections. 

lJOT.ORAllO, NEBRASKA, SOUTH DAKOTA, ANll WYOMING. 

[E. w. EICK~:r.nEnG.1 
SUMMAllY OF nEsuvrs.-Elght stations occupied for relative determinations ot gravitY· 

Between October 6 and December 5, 1919, determinations were made of t11g 
relative force of gravity at stations in South Dakota, Nebraska, Wyoming, an 
Colorado. 

The usual method of observing was followed. Pendulums were swung in 
12-hour periods, timed by two sidereal chronometers, whose rates were de­
termined daily from the Western Union time signals. Pendulums were wiped 
before swinging. An extra pendulum was placed in the corner ~f the case ~~ 
order that it might nttnln the proper temperature before swingmg. At eac 
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statiou one pendulum wus swung 24 hours uud u second pendulum 48 hours. 
The same pendulums were never used at succeeding stations. 

The pendulums were standardized ut the beginning of the season and re­
stundardlzed at its close. 

:I<Jight stations wer(~ occuvied during tile se11son. 

IllS'l'RIC'l' o~· COI,Ul\fBIA. 

[E. w. Eicrrnr.nEuG.] 

Between ;January 21 und April 23, 1920, a determination was made at Wu::;h­
ington, D. C., of the constants of invar pendulums. 

In order to be able to take observations in the field at such places where the 
temperature control is poor pendulums were constructed of invnr on account 
of the low coefficient of expdm;ion of that metal. · 

For the determination of temperature constnnts each pendulum was swung 
two days each at low and high temveraturc~s, the pressure being held constant. 
'l'hus tile differc:>nce in veriod obtained was due to the change in temperature. 
The dummy pendnlum canyiug tile thermometer in invar tilings was in the case 
and a third vernJnlum in tl.le corner of the cnse. Swings were 12 hours in dura­
tion, the time being obtained from two chronometers corrected daily by 'Vestern 
Union Naval Observatory time. '.l'he pendulurns were swung on knife-edge Bl 
in "B" receiver and nlso "A" receiYer. The "B " receiver deYelopetl an air 
leak ut hlgll temrwmtures, which was tinully lO<'!lted in the knob on the cover. 

F'or the determinnHon 01' the pressure constant eueh 1wndulurn was swung for 
01w <luy at. high rn·essure and one day at low pre><sm·e. 

'.l'he detailed results obtained from the pr<'Ssure and tempt'rnhll'P swiugs were 
tabulated. The change in period for 1 ° elurnge in tl'lllIWl':l tu re with the alumi­
num-bronze pernlulmrn; is •Jl.5 i11 the sPventh vlal'c. \Vith the inYar lWIHlulums 
tbe change ln period is 2.8 or nhout 011e-tifteentll tlrnt of the bronze. The pres­
sure constnnt wnR foun<l to he 10 1wr c<·nt h!><S Olan that of the aluminum-bronze 
peudulnms. 

MAGNETIC 'VORK. 

MAHYf,ANll ( cru;f,'l'I,NHAU MAON!~TIC OllSK!lVATORY). 

I GEouoE HAnrNEr.r .. J 

Tim regular work of tlle Ulwltenhnm Magnetic Observatory has beeu satisfac­
torily continued throughout the year. 

Earth inductor No. 26, after undm·going repairs in the instrument section of 
the Survey, was remounted aml observations with it were begun January 5, 
observations with the substitute earth inductor No. 22 being discoutinue<l. Earth 
inductor No. 26 has worked satisfactorily. 

After three years' service without adjustment, Z variometer No. 5 was re­
lllove<l for cleaning, .Tune 17. For the purpose of special investigations, it was 
ruountell on n frame attached to pier B in the 'V wing. New pivots were in­
serted, rneasurements and deflections were made, and periods were observed. 
Mun.Y Interesting facts were brought to light, and doubtless a report on this 
IVork would prove of value and interest to others. In general the performance 
Of Z No. 5 has been exceptionally satisfactory. 

The painting of the observatory buildings was completed in the middle of 
June. At the prest~nt time all the observatory buildings are in a good state of 
repair . 

./\l,ABAMA, CONNICC'l'ICU1', lNIJIANA, KENTUCKY, MAINJC, l\fAIIYLANIJ, MASSACHUSETTS, 
MICHIGAN, l\HSSIS81PPI, NEW HAU1'8HIHE, Nl<JW JERSEY, NEW Yo1rn:, OHIO, PENN­
SYLVANIA, JtIIODl<J ISI.!1.ND, 'l'J~NNESSJm, VERMON'r, WES'l' VIRGINIA. 

[W. W. MERRYMON.] 

STNL'IONS occul'!El>.-Alulmmu : Florence,• 'ruscaloos11.• Connecticut: NPW 1,ondon. 
lndinna: New Albany. Kentucky: Dowling GrePn.• Maine: Bangor.• Eustport,• IIarri­
~on,:t: Hiram,:f: Portland.* Maryland: Oaldand.• Massachusetts: Newburyport t. Wor-
estcr.• Michigan: Detroit.• Mississippi: Jackson,• Meridian,* Wiggins.· New Hamp­
~fre: Bradford,'t Clnremont ;runctlon,:t: Contoocook,:t: Danbury,:j: Hanover,• Hillsboro, 
1 ndham Depot.+ New Jersey: Trenton.• New York: Albany,* Buffalo,• G1·eenport, 
Jbc11ca,• .Jamnlcn, Mineola, Norwich. Riverhead, Rochester,• Utlca.t Ohio: Cincinnati,• 
l> c onnellsv!lle.t Pennsylvania: Easton,* Harrisburg.• Rhode Island; Kingston,• 
1{~j1dence.* Tennessee: Nasbvil!P,• Vermont: Burl111gto11,* Cambridge,+ Hardwlck,:f: 
l>~rkllnd,• St. Johnsbury,• West Bnrkc.~' West Virginia: BerkPley Springs, Mlcldlebonrne, 

ersburg. 
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Between July 1 and Deeembtr 22, 1919, the three magnetic elements were 
detl~rmined at the places named. Old stations were reoccupied at the places 
marked b~· an asterisk ( *). New stations were established and permanently 
marked at places marked by a dagger ( t). Stations were occupied but not 
permanently marked at places marked by a double dagger (t). 

In the course of the work many local surveyors and engineers were met who 
showed much interest in the magnetic observntio1rn. Mnny requests for mag­
netic data were received. 

AltIZON A (TUCSON MAGNJ,;nc onsmw ATORY). 

fWn.r,r.nr II. CULLUM.] 

At tile Tucson obseryatory the magnetic im;truments have been in continuous 
operation except for short periods when it was necessary to adjust the instru-
ments or make minor repairs. · 

Scale value observations were made at frequent intervals. 
Absolute observations were made once each week. 
The Bosch-Omori seismograph was in continuous operation excevt during the 

period from August 23 to November 16, when it was necessary to make certain 
repairs. •.rwelve earthquakes were rec<:>rded during the year. 

Meteorologic observations were made daily. 
Time signals for the COl'l'ection of chronometers were obtainc~1l each week from 

the observatory at Mare Island, Calif. 

CUDA, I•'T,ORII>A, HAI'l'I, POJl'l'O RICO, SANTO DOJ\fl!\:110. AND VJJWJN ISI,AN))S. 

[WM. w. Ml!lltltYMON.] 

S•J'A'l'IONS occuPrnn.-Cuba: Guantanamo Bny, U. S. Naval Station, IJabana IC11sa 
Blanca Station). Hnbnna (.Jesuit Villa mng-nrtic station). BnmPll,t J?ort. Landerdale.t 
Florida: Key \Vest.• Hnltl: Port nu Prlncc.t Porto Rico: Mnynguez.t Santo Do­
mingo: Porta Plata.t 

·while on his way to take charge of the mugnetk obi;;ervatory at Vieqnes, P. R., 
the observer assigned to that <lnt~· mnde magnetic observations at the stations 
named above. 

Old stations reoccupied are indicated by an asterisk (*). New.stntinns pi:;tah­
llshed and permanently remarked are indicated by a <Jagger en. 

The-stations at Hnban.a, Cuba (.Jesuit Villa magnetic station), and Mayaguez, 
P. R., were approximately reoccupied. 

CALIFORNIA. 

[H. El. McCOMB.] 

STATIONS occuPmn.-Callfornla: Akatrnz Island, Alameda, Angel !Rian<!, I<'ort Baker, 
Hunters Point. North Point, Point Bonita, Point Lobos, Red Rock, Sausalito and Yerba 
Buena Island (Goat Island). 

Between October 31 and November 15, observations of the three magnetic ele­
ments were made at the stations in vicinity of San Francisco named above. 

This work was done in eonnection with the laying out of compass ranges for 
San Francisco Bay. 

At Yerba Buena Island and Hunters Point comparison observations were 
made with magnetometer No. 40 and compnss declinometer No. 4. Int!'nsity 
observations were also made at Yerba Buena Island. 

Ar,AsKA. 

[F. H. HARDY, Commanding Steamer Surveyor.] 

8UMMAHY m' 11Esuu1•s.--'l'ria11gnlatiun (secondary) : 1.870 sqnnrc miles of area coverf'd, 
24 signal poks erected, 12 ohsprving Rcaffolds and tripods built, 18 stntionH in main 
scheme occupied for horizontnl measures, 3 stntlons in supplemental schemes occupied 
for horizontal mcnsurcs. 18 statlonH occupi<'<l for vertlcnl measnres, 59 geographic poslf­
tions determined, 20 Plcvnt.iot,lfi rlPtermlned trigonometricnlly. Topography: 28 miles o 
dPtnilcd shor<' line snrveyt•d; 2 topographic sh<>ets ftnislwd. scnle 1 : 20.000. Hydrog­
rnphy: 3or; sannre mlleH of area covered : 438 miles run while sounding; 194 posltlonf 
d<'t<•rminerl ldouhl<' flnglcs); 2f1G stnrndings made; 2 tidal stations Pstabllsbed: 
hy1lrogrnphie sheet finislwd, scnle 1 : 20.000. Physical hydrography: 380 mlles run in 
<le<•p-sea s01rndi11g, 4 deep-sen soundings mnde, 3 specimens of bottom pl'eserved. 

The S1tr-vc11or left Seattle for Alaska on .July 9, 1919. On July 12 the vessel 
stopppcl at !\frtlnlrntln 111111 tonk on "mnp 1lo1·iP!" which W<'I'<' 11e<>1le<l for tbe 
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i:ieuson's work. ,On .fuly 14 the 1irst deep-sea sounding was taken. Work was 
completed in the vicinity of Shelikof Straits ou October 9, and the vessel left 
Kodiak on the following day for revision work at Sitka, which was commenced 
on the 27th and completed on the 28th of October. 'l'he Yessel snilt•d for Seattle 
October 29, nn<l nrrived November 4. 

In accordance with instructions a line of deep-sea sounding was currie<l across 
the Gulf of Alaska frnm Cupe Ommaney to Ko1Jiak Island. 'l'hese soundings 
were located by sights and dead reclwnings. On the return trip only one 
sounding was taken. The soundings were tah:en with a Sigsbee deep-sea sounding 
machine. 

It was planned to keep as many parties in the field as the complement and 
surveying equipment on board would allow. For this reason a subparty was 
operating from a camp in Kuiukta Bay extenaing the triangulation to the east­
ward. This scheme was necessarily made up of small figures needing neither 
heliotropes µor night signals. Four observers were kept in camps during the 
greater part of the season, observing in the main scheme in Shelikof Straits. 
The executive officer did sorne observing and most all of the reconnoissance, 
while other observers were carrying forward the worlc At no time did the 
reconnoissance, which by no means was easy, interfere with the progress. 
During the last part of the season while four observers were occupying stations 
of the last quadrilateral in Shelikof Straits, the executive officer with a sub· 
Darty made the reconnaissance and built and marked the stations for connect­
ing the work in Alitalc Bay with that of Shelilwf Straits. When no delay 
would be caused to the work' of carrylng forward the triangulation the ship was 
used for hydrogrnphic work, and at all anchorages current observations were 
made. On runs from Shelikof Straits to Alitak Buy and also to Kuiukta Bay 
reconnoissance soundings were made. As the supply of oil which could be fur­
nishl.'<l by the Pacific Steamship Co. was limited and the cost great, the vessel 
WU8 used as little as possible in other than· triangulation work. 

The principal work called for in the instructions was the connection of 
triangulation extending from tl1e work previously done in Shellkof Straits with 
that \vhich had been done as far east as Mitrofania. This was a stretch of 
shore line of approximately 175 miles. '.rhe work was commenced when the 
days were becoming appreciably shorter. The season was a very short one. 
It was desired to accomplisl1 this work if possible. Owing to the short time 
uvailable the only possible way of doing this during the season was to find 
u point on Kodiak Island whiC:h would be intervisible with one of the Semldi 
Islands or possibly by expanding to a line from a point on tlie main land to 
the triu'n.,.ulation stution Dome located on the highest point on Sitldnak Island. 
Although"the nYailable heights indicated that the Semidi Islands would not be 
lntervisihle frorn any point on Kodiak Island or nny of the Trinity Island 
group, it was reported from local sources that a mnn who spent a number of 
iseasous 011 the Semidi Islands stated that on clear <lays lie often saw the moun­
tain ranges on Kodialr Island from the highest point of Aghiyuk Island. With 
the possibility that they might. see one of the group of Semidi Islands n recon­
naissance party was Jeft on S1tkinalr Island for n period of approximately 10 
duys, but during tlmt time they had very bud weather, and they were finally 
t>icked up an<l this plan given up. As only four obserYers could be used on the 
Juuln scheme in extending the work of triangulatioh of 1908 in Shelikof Straits, 
tlnd in view of the number of observers and instruments available. it wus de­
<!ided to put a subpurty in Kuiuktu Buy to extend the work done by the party 
on the Patterson in 1914 through to Chignik Bay. This party was provisioned 
for four weelrn and the motor wlialeboat, tlie only dependable launch, with the 
exception of the motor sailboat, was left with them. 

'l'he last line determined in the triangulation of 1908 was from Kubugakli 
to Karluk. The former station was recovered us described, but the latter sta­
tion had been curied away by the eroding of the cliff forming Cape Karluk. 
'rhis necessitated reoccupying Ill•tugitak and Uyak, and observing directions 
to the new station established on Cape Karluk. The next quadrilateral was 
from the line Kubugalrli, Karluk (1919),. to line Kelrnmol, Hldge. Ridge was 
selected so that it could be used for the connection of the triangulation in 
Shelikof Straits with the independent triangulation done in Alltak Bay in 
1906. To find a point to meet these requirements ·necessitated two or three 
days of reconolssunce, us the land south of Cape Kelmrnol ls quite high and 
irregular. Karluk as seen from Ridge shows through a gap in these hl!ls, 
and the party was very fortunate In being able to locate any station which 
Would meet the double requirements mentioned above. 'l'he next figure was to 
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have extended from the line Hidge, Kekurnoi to a triangulation point on Cape 
Unalishagvak to Ikolik. The side Ridge to Ikolik wns used for a base from 
which to extend a scheme to join tile triangulation done in Alitak Ba)". The 
strength of the determination of this side wns increased by a supplementary 
chain of figures ext<>nding down the west coast of Kodiak Islnnd and including 
Sturgeon, Grant, and Middle. Two points were selected on Cape Unalishagvak 
to make n base from which a scheme of quadrilaterals coulrl be extended in 
i::mall figures down the Alaska Peninsula to join the work of 1914. This base 
would be only 3! miles in length, and it is short for going ahead. There is a 
mountain about 4 miles back from Cape Unalishagvak that could and prob· 
ably will be used which ![ives a base of 7 or 8 miles. A camp was established 
at Kubligakli on October 15, and on the following day an observing party 
was landed nt Ikolik and on the succPeding duy on Unalishagvnk. Observnt!on 
parties had been in camp at Ridge since August 21. These parties were con­
stantly at the station during any good weather, but although they were in 
camp 25 days no observer Rucceeded during that period in seeing a heliotrope 
at any station across tlle straits. As it was getting late in the season the 
8trength of the whole party was occupied ln completing the connection of the 
triangulation with that in Alitak Buy, and there were no days after these 
camping parties were picked up until leaving the working grounds when any 
of the long lines of the quadrilateral could have been observed. 

Kuiukta Bay: The triangulation was carri<'rl from the line Vi'.lage-Gray 
to the line Portage-Mud, which looks down Chignik Lagoon. However, Mud 
was marked only by a small nail driven ln the top of a 3 by 3 stake and its 
location is too weak. Mud was built in foggy weather; and it was hoped 
that it would see Bobby. Bobby sees a part of Chignik Lagoon. Determination 
of Mud can be strengthened by the interlocking of figures and observed from 
Bobby, Castle, and Portage. The portage from Kuiukta Bay to Chignik 
Lagoon is made by five or six natives with two light skiffs in two days. The 
walk across is hard, wet, and a half day's job. The observing was done with 
a 7-inch repeating theodolite. IDxcept at Village only one set was taken. Be­
cause of the time required to reach stations (due to elevati6n and distance two 
sets and a round of angles could not be taken at one trip. Castle and Kuiukta 
were observed on <lnys that were thick till noon and in a strong wind. Portage 
waR observed after the ship Jmd come during the forenoon. The fog bank 
was within a hnlf mile when observing finished at Bobby. 'l'he only good 
days lost were in trying to climb stations Let and Gray from Foote Bu~-. 
Much of the signal building nnd marking of stationi:: was done on rainy or 
thick days. 

·Four ouserve1·s were used in the co1111)letion of this work, which WUH accom­
plished in four days. 'l'he distance between the two bnReR was 30 nautienl 
miles. The country is high and travel difficult. 

A limited mnount of hydrography was accomplished from Cape Uyak south 
to Halibut Bay. 'l'he equipment for taking soundings at 100 fathoms or there­
abouts was incomplete. Reconnoissance sounding lines were run along tl1e 
south shore of l\:odlak Island and between Kodiak Island and Chignik. 

Automatic tide gauges were established and observers employed at Kodiak 
and Baralof Bay. The 01<1 ))ench marks at Kodiak were connected by level8 
to tide staffs installed and two new ones established. In Baralof Bay three 
bench mark,; were eRtablished nncl connected with ll line of levc~lH to t lw tidal 
station. 

[F. H. HAUDY, Commanding Steamer SUt·veyor.] 

SuMMAitY Oh" ItESULTS.-Recimnolssance: Length of scheme 60 miles, 500 square mlles 
of area covered, 25 lines of lntervlsibility determined, 16 points selected for sch!!me. 
Triangulation: 825 squure mll<>s of urea covPred, 14 signul poles erected, 8 stations in 
main scheme occupied for horizontul measures, 4 stations occupi<'d for vertical measures. 
Magnetic observations: Ship swung at 1 station at sea. Hydrography: 350 square miles 
of area covered, 179.9 miles run while sounding4 240 positions determined (double 
angles), 240 soundings made, 2 tide stations occuplcu. 

l)'rom January 1 to March 30, 1920, the Sur,veyor was at Seattle, 'Vash., 
undergoing repairs and outfitting for the season's work in Alnska. 

The vessel sailed for the working grounds in Alaska March 31, and arrived 
at Ketchikan April 4. Leaving Ketchikan April lO, the Surveyor arrived 11t 
Kodialr April 15, and thence proceederl to Uynk and Buralof Bay to where a 
tidal gauge WU8 put in operation, and a supply of fresh water was obtained. On 
April 19 the Surve11or proceeded to King Cove, and work was begun of putting 
the launch Y11Tmn in commission. 
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On May 5 the Surveyor proceeded from King Cove to Kodiak und afterwards 
to Latouche to obtain a supply of fuel oil, leaving an officer and 1'2 men to 
continue work on the Yukon. Heturning from Latouche to the working grounds 
off Shelikof Straits on the 12th, three observing parties were put in the field, 
one at Cape Kekurnoi, one at Ca1)e Unalishagvak, and the other at Cape Ikolik. 
These triangulation stations are 25 to 45 miles apart. The followir.g morning an 
observing party was landed in Halibut Cove to occupy station Hidge. After re­
maining at anchor in a heavy northeast gale for two days, the vessel left Hali­
but Cove on April 14 and arrived at King Cove on the 15th at 8 p. m. During 
the absence of the vessel the party left at King Cove had completed the repairs 
to the Yukon, launched her, and bad coal and stores on board. On the 18th the 
Surve1101· left King Cove with the Yu.Icon in tow, anchoring that night in Kupre­
anof Harbor. The next morning, under her own steam and convoyed by the 
Surveyor, the Yulcon proceeded via the inside passage to Mitrofunia where party 
was left on her to do the reconnoissnnce and signal building for It scheme of 
triangulation extending from Mitrofaniu to Castle Cupe, along the outside coast. 
The observing parties on the large figure in Shelikof Straits were still in camp 
at the end of the fiscal year, nnd the reconnoissance fol· the extension of the 
triangulation from Mitrofania to Castle Cape had been completed. 

It was l1lanned to lwep as many lmrties in the field as the complement and sur­
ve~'ing equipmPnt on board would nllow, nnd before reaching the working g1·ounds 
to put out four ohsening pnrties in Slwlikof Straits to complete the large figure 
Kubugakli, Ridge Jkolik, an1l 'l'oJl, which was not completed Just season. Ow­
ing to the severity of the weather 11ncl the quantity of snow it was impracticable 
to establish these parties upon arrival and the whole pnrty was taken to King 
Cove to put the Y1ik.on in condition. 'l'hese parties were established in Shelikof 
Straits at the stations mentioned, upon the first trip for oil, May 12 and 13. The 
principal and most important part in the work called for in the instructions 
was the connection of the triangulation in the vicinity of Shelilrnf Straits with 
that in the vicinity of l\litrofnnia. A8 the extension of the western part of this 
worlc necessitat<~cl reconnoissanc~\ the work could be carried on just us fnst and 
more economically by leaving this work from Cape Ikti to Castle Bay to a party 
on the launch Y1ikon and utilizing tile remaining officers and Instruments in ex­
tending the work from Shelikof Straits to the westward, where mountain peaks 
had udready been determined and the ship could be used for hydrographic 
work while the triangulation was In progress. 

An officer with n party of 12 men on the launch Yuko-n was left to· do the 
reconnoissnnce nud extend the triangulation from the work in thnt vicinity of 
lust year to Castle Cape nlong the outside coast, locating points for the to­
pography nud Jlydrography which was to follow. On June 7 an officer who had 
completecl the observing nt Ikolik was tmnsferred to the Yn1con to aid in this 
worlc The stretch of country to be covered wns extremely irregular and moun­
tainous the peaks being from 1,800 to 2,400 feet in height nnd very rugged 
making' climbing exceeding difficult, and necessituting n great deal of time iJ; 
re~onnoissance to get figures which would. meet the requiremen~s of secondary 
triangulation. These peaks ure covered with fog n greater port10n of the time 
nnd it ls impossiblt~ to curry a scheme nc~·oss this co;intry without utilizing th~ 
higher peaks. 'l'he most severe weather m this sect1011 of the count1·;y' was ex­
periPnced the week before nml the flrRt week after arrival. '.l'he winter having 
been extremely mild, the snow on the mountnin tops was not as deep in May 
as it had been Inst ~·eur in July. However, many of the peaks of 1,800 feet or 
lnore were still covered with snow, and the cones of hardened snow made climb 
Ing clifficnlt an!l dangei•ons. Summits, even sharp ones, were covered with a foot 
or so of ice, and the ground frozen beneath mnde it hard to murk stations or 
secure signals. At the eml of the fiscal year the reconnoissance of this countr 
had been completed, nnd the figures within the limits required of secondar\ 
triangulation had been laid out nnd signals built. J 

Observing had been done nt severnl stations apd. about four days' work would 
be required to complete this observing to cletermrne a go·ahend line in Castle 
Ba.y. As stated In the preceding paragraph, observing parties were established 
in camps to occupy stations Kuhugakli, Ridge, Ilrnlik, and Top on May 12 and 13. on June 30 the observing at these stations wns completed. On June 
7 the observer at station Ikollk having measured .all the necessary angles wa 
taken on board and transferred to the party worlong in the vicinity of Ohig i: 
Bay, leaving two seamen at Ilrnlil' to show heliotropes to other stations D~r 
Ing the month of May there were only four days and during .Tune thr~e da • 
When the weather permitted observing in this figure. And on several of the;! 
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days at one or more of the stations it was impossible owing to weather condi­
tions to either observe or show heliotropes. At least three sets and in most 
cases five sets of six repetitions each were measured from each angle. In only 
one case was the signal pointed on, in all other heliotropes were observed. '.l.'he 
average closure was 4.8 seconds, barely in the limits of tertiary work. The 
same instructions as were furnished to observers last year were furnished this 
year and complied with. Upon the completion of this figure a hasc> of moderate 
length can be determined on Cape Unalishagvak from which the work can be 
extended to the southward and westward. 

The area of Shelikof Straits from Cape Uyak south to Halibut Cove not 
co,·ered by the hydrography of last year was completed during this fiscal year. 
Tide gauges at Kodiak and Barilof Bay were repaired. 

[N. H. HECK, Commanding Steamer J!J1Dplorer.] 

SUMMARY OF llESULTs.-R~connolHsnnce: Leni:th of Rcheroe 50 miles, 405 milPs of area 
covered. 66 lines of intervlsil>llity determined, 22 points selected for scheme. Triangula­
tion (t<'.'rtiary) : 350 sqnnre ml!C>s of ar<'a covered, 31 signal poles erected, 16 stations in 
mnln scheme occupier! for horizontal meaAures, ll stations In supplem<>ntnl scheme occu­
pied for horizontal measures, 35 geographic positions determined. Leveling: ll perma­
nent bench marks t•stahllshrd. Magnetic Wllrk: 15 lnnd stations occupied for magnetic 
drclinationR. Topograph;v: 1.5 squa1·e milM of area survr:Vl'd, 41 mlles of genPral coast 
line surveyed, scale of topographic sheets 1: 20,000. Hyclrography: 127 .5 square miles 
of area drngg<>d l!J0.4 miles run while dragging, 3,351 angles measured, scale of hydro­
graphic sheet 1: 40,000. 

In the latter part of February, 1920, preparations were begun to fit the 
steamer Explorer and launches for work on the coast of Alaska. It was 
intended to use the Em11lorcr for transporting the wire-drag party. 

The launches Scandinavia and Ileliantlws and tender were also prepared 
for this work. 

Preparations being finally completed the vessels and launches left Seattle on 
April 16. On the way to Juneau, Alaslm, a brief stop was made at Ketchikan 
to make repairs to the Scandinavia. At Ketchikan courtesies, including the 
use of the new lighthouse dock, were extended by the inspector of lighthouses 
for that district. On the way to Juneau the sales agency at Petersburg was 
inspected. 

After completing the necessary preparations at Juneau field work was begun 
on .Tune 6 ancl was in progress at the end of that month. 

The triangulation includert the main scheme of the proposed primary triangu­
lation connecting the worlt of two partiei; in 1917. The reconnoissance was tlrns 
primary in chnrncter, though the triangulation to be executed was tertiary. There 
was only one point of serious difficulty near Point Loolrnut. After testing out 
various apparent possibilities a short line appeared the only solution. All 
figures of the ·scheme are quadrilaterals of the required strength. It ls of 
interest to note that the points just south of Taku Harbor, where the last line 
of the previous worlc was located as selected by the Explorer's party, were 
found to haYe been already markert though not cleared or occupied. 

Signal building has been completed for the entire main scheme and for the 
supplemental scheme south of the line Port Windham-Port Hugh, except pos­
sibly for a little work in the vicinity of Cape Fanshaw, where a uttle unfinished 
wire-drag work and topography of a previous season remains to be done. 

~'riangnlation has been completed for all but a few of the main scheme sta­
tions. The supplemental scheme has been completed south of the line Port 
Windham-Port Hugh. 

The topographic sheet from Pybus Bay to Seymour Canal is nearly finished. 
The sheet Port Hobart to Port Windham is well under way. Work has begun 
on the sheet Port Hugh to Port Coke. It has been necessary for the topographic 
party to work in the vicinity of the vessel and this explains the change of sheets 
instead of following the more desirable policy of finishing a sheet at a time. 

Magnetic declination has been measured at all of the main scheme stations 
occupied. 

An automatic tide gauge has been in operation at Taku Harbor since May 15. 
This locality was selected because of the possiblllty of constant attention by a 
careful observer at a moderate cost, possibility of satisfactory installation on 
a suitable wharf which would malrn it possible to continue the series if de­
sired beyond the limits of the present season, and because of the prevalence of 
ice at times in all parts of the entrance to Holkam Bay. 

Two staff gauges were installed and others made ready for installation. 
A record of all important details in regard to anchorages used was kept. 

Good ,,.,eather anchorages are more numerous than the chart indicates, and 
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these may be of advantage to vessels in view of the proposed development of 
the wood-pulp business in this vicinity. 

It was planned to start wire-drag work by the usual methods and gradually 
make alterations which were found to be necessary. This plan of operation 
was found to be impracticable owing to the failure of the drag due to defec­
tive floats which pulled the buoys under in deep water, consequently it became 
necessary to devise a new type of drag to meet the new conditions; the result­
ing drag may be described as intermediate between a mine sweep and a stand­
ard wire drag. 'l'his apparatus has been designated us the " deep sweep." 
Another type which will be prepared is designated as the "intermediate sweep" 
nnd that heretofore used the "wire drng." 'l'he idea of tlle use of the two new 
terms is that the function of a sweep is to pass througll the water rapidly and 
prove art~as clear, the Jinding of obstructions to be merely incidental. 'l'he deep 
sweep opemtes in deep water or in water of moderate depth and where the 
bottom is not rocky. 'l'lle intermediate sweep is for all urens of moderate 
devth. 'l'he wire drag is for tlle purpose of developing shoal areas and locat­
ing all shoals within the maximum depth. 

The reason for this variation is speed and economy in the use of equipment. 
The deep sweep has the characteristics of speed of operation, quickness of 

setting out and taking up, absence of parts that can crush, relative ease of op­
eration in cross currents and swirls, both because of increased speed and be­
cause of reduced surface for the currents to operate on. It has the disad­
vantage thus far of requiring a considc>rable depth for setting. out and for op­
erating, as the middle is considerably below the maximum depth required. 'l'his, 
of course, is an excellent fault during the period of development, even though 
considerable loss of area is occasioned by grounding at too great depth. 

Tlle deep sweep is very simple. It consists of a single wire 5,000 or G,000 feet 
long mnde up into suitable sections, at present previoL1sly made-up wire in 
100-foot sections being used, but it is believed that the sections can be muC"h 
longe1·. 'l'he towing system is the same as for the wire drag, hut improvements 
in detuils h:1n~ hPPll made to increuse the s11eed of setting out, which coul<l well 
be adopted us standard. In addition to speed a constant maintaining of a cer­
tain amount of strain is necessary to keep the wirf' from sinking too fast. 

[T. J. MAHEU, Commanding Steamer ll'c11011ah.] 

The Wmwnah was at Oakland, Calif., from March 5 to May 7, 1920, undergo­
ing repairs. From May 7 to 12 t11e vessel was en route to Seattle, "'ash., and 
from May 12 to June 2 was ut Se:itt1e, where repairs were made to the engine 
room, and supplies, wire-drag eqmpment, and launch engines and boilers were 
taken on hoard. 

The Wenonah sailed from Seattle on .June 2 for Ketchikan, Alaslm with 
launeh No. 38 in tow, und coalPu at Ketchikan on .Tune 7. From .Tune s' to 30 
the vessel was at Metlakatla, overhauling launches, retuming to Ketchikan for 
co11l June 26 to 28. 

The worlt assigned to this vessel is the continuation of the hyclrographic and 
topographic survey of Clarence Strait from a junction with the previously com­
pleted work in the vicinity of Point Nunez and West Devil Rock to a junction 

'with work at Vallenar Point and Grindall Island. 

[E. H. PAGl~NlIAUT, Commundlng Stearne!' Lydonia .. ] 

On April 10, 1920, the steamer L11donia sailed from Snn l~rancisco for Seattle 
Under instructions for work in southeastern Alaska along the west coast of 
Dall Island northward from completed work in the vicinity of Cape Augustine. 
The vessel wns outfitting at Seattle until l\lay 25. on which date she sailed 
for the working ground, arriving at Metlalmtla, Alaska, on May 29. 'Vork 
under instructions was in progress on June 30. 

SITKA MAGNETIC OBSERVATORY. 

[F. P. u1.1ucH.] 

The usual observations were recordM during the year, with practically no 
interruptions. 

'.L'he magnetic-variation instruments have continued in satisfactory operation. 
Absolute observations were made each week. 



154 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 

Time corrections were obtained weekly at the local cable office of the United 
States Signal Corps. 

The seismograph was kept in continuous operation, and seven shocks were 
recorded during the year. 

Meteorological observations, including temperature and barometer readings, 
state of the weather, and other phenomena, were continued. 

Necessary repairs werP made to the observatory buildings. 

HAWAIIAN ISLANDS. 

HONOLULU l\IAGNETIC OBSERVATORY. 

[FUANK NEUMA:-;N, .luly 1, 1919, to Nov. 24, 1919. H. E. McCOMB, Nov. 25, 1919, to 
June 30, 1920.] 

At the magnetic observatory at Ewa, Hawaii, a practicaHy continuous· record 
was obtained of the magnetic declination and horizontal and vertical intensity. 

Absolute observations for the reduction of these records were made weekly. 
Meteorologic observations were made daily, and time observations for the 

correction of chronometers were made every week or 10 days. 
The Milne seismograph was kept in continuous operation. 
In May and June comparison observations were made with magnetometers 

Nos. 36 and 40. 
Necessary im1fro,·ements and repairs were made to the observatory build­

ings and grounds. 
PHILIPPINE ISLANDS. 

[HuuH C. DENSON, Director of Coast Surveys.] 

The four steamers In the service of the Bureau were kept at work in the 
field continuously, except when repairs became necessary. The time so lost to 
field work was utilized In bringing up the office worlc of computations and 
drawings. 

Owing to the fact that the unsurve~·ed regions of the islands are at greater 
distances from bases of supply than those regions already surveyed, it is 
evident that the cost of operations in the future will increase, chiefly on account 
of the higher price of coal. The inability to obtain bottoms to transport coal 
to the outlying districts necessitates longer runs of the surveying vessels to 
supply stations. This condition causes a great loss of time from field opera­
tions and greatly adds to the expense of operation. The privilege, as hereto­
fore granted, of obtaining coal from the Navy has been discontinued by orders 
from the Navy Department, and the Bureau is now compelled to purchase coal 
for its vessels either from the Bureau of Supply, at a high price, or from 
Sandakan, Borneo, at which place an inferior grade of coal may be obtained 
at lower price. 

At the request of the governor of tlw Der>artment of Mindanao and Sulu, two 
vessels, the Pa,thfinder und Marind:uquc, were assigned for work on the west 
coast of Mindanao between Dapltan and Zamboanga. This worlc was made pos­
sible by the cooperation of the governor, who agreed to furnish coal to the 
surveying vessels from the Government coaling station at Caldera Bay, near 
Zamboanga. 

On account of the inadequate allotment for party expenses made by the 
Federal Government for the period January 1 to .Tune 30, it was necessary for 
the vessel whose operating expenses are paid from this fund to engage in wol'k 
convenient to the Sandakan coaling station. The Philippine Government has 
made an ample appropriation for this Bureau to meet the present conditions. 

'J;he steamer Marinduque was transferred to the insular Bureau of Labor 
on March 19, 1918, and was returned on .July 7, 1919, to the Bureau of Coast 
and Geodetic Survey. While in char1?;e of the Bureau of Labor the llfarinditquc 
was used ns an interisland cargo carrier, and many alterations were made to thtJ 
interior of this vessel to adnpt it to this usage. 

The condition of' the vessel when returned to the Bureau of' Coast nm! 
Geodetic Survey, was not found as good· as expected, and much time was occu­
pied in partially restoring the vessel to such u condition that it would be fitted 
to resume the work of this Bureau in which it had been predously engaged. 
The work of repairs eompleterl wa;; only such nR placed tlw YCSRE'l in u sea· 



161' 

9'00· 

8'30' 

160' 

COLON HARBOR 

= -

159' 

.. . 

158' Weet cf Groenwich 157• 156' 155' 

COAST AND GEODE'rIC SURVEY 

PROGRESS SKETCH 

HAWAIIAN ISLANDS 
(llawa.iian.. Goi.-ornment. Sur"~s a lso alwwn} 

Trian.9ul<>cio'l ~ 
1bpo9•-aphy .. 
Hydro9raphy 
IJeepSco. Sd.gs 
LongitJtda ddm1•mmatior1 (ielJJg rnphio)+ 
.Ma.g~etic observation.e . ..... . 
7l4a.L ob.Jerw:t.t.ion.s ............ . 

.TtmE 30, 19 20 

58 

~t! 

~~·· ~ 

---+------~zo· 

IL-------1-------jl•' 

C&.G.S.PriM 



12•· ~ 
0 
~ 

UNITED STATES lb 

~ 
COAST .AND GEODETIC SURVEY lb 

::i 

SKETCH OF G~'"ERAL PROGRESS Cl... 

~ 
PHILIPPINE ISLANDS 0 

~ 
JUNE 30.1920 

O • Batan Island;. 

2l' 
~ 
(")' 

VJ 
<:: 

""' Lttitwk ddermiru:r:tWns ..... ..... 
.LangibUle (t.ckgraphic) ... + 
~ .. .... 

"' ~ 

Ifdal observations __ ..•.. ... 
:Afagnetic o'b&ervationa... ....... ..... • 

~~· -···--------- g 
H.>~y 
~p ..a. aoundin[/4 .. 

~·L.. ___ -1. ____ __j~----+------' 
0---.i------1,.· 

l4,°'L-----+-- ~--+-----+----"~"'--+----1u: 

=---+------+------l----113" 

o·L---'-----1------+---

7• 

,· 
U1 

l,!.iiiiiiiiiiiiiiiiiiiiiiiiiiii~1~17~·iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuo~·iiiiiiiiiiiiiiiiiiiiiiiiiiii~ni•i·iiiiiiiiiiiiiiiiiiliiii1i20i.iiiiiiiiiiiiiiiiiiiiiiiii12l~·iiiiiiiiiiiiiiiiiiiiiiiiiii1~22~·iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii12i3.iiiiiiiiiiiiiiiiiiiiii12i~i·iiiiiiiiiiiiiiiiiiiiiiiiiii12i5.iiiiiiiiiiiiiiiiiiiiiiiii12i6i.iiiiiiiiiiiiiiiiii~1i21~·~~~~~ (!) 
C. cl G. S . Prim 



RI!lPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 155 

Worthy eonditio11 • but much additional work yet remained to be done in order 
to put the vessel 'in au equally good condition as before turning it over to the 
Bureau of Labor. Though the lt.farinduqiic was returned to the Bureau of Coast 
and Geodetic Surve;y on July 7, it was not until September 26 that the work of 
urg-ent repairs was completed. 

'.l.'he Philippine Legislature nt its last sesHion, in accordance with an estimate 
Prepared by this Bureau, made appropriations for the purchase and instullntion 
of a photolithographie printing plant to be operated by the Bureau of Coast 
and Geodetic Sm·yey. Provision was also made for sending to the United States 
two Filipino employees of the Bureuu to t11ke up the study of advanced method 
in photollthography, 

Liberal appropriations were made for carrying on all t:he activities of the 
Bureau. and adrlitlonal .sums over former annual appropriations were mad~! 
available to meet the advanced cost of all commodities used in the prosecution 
of our work. All surveying vessels on this station will soon be equipped with 
radio sets, as an allotment was made for the purclmse and installation of a 
radio equipment for the steamer Marind1u1uc. 

As bPfore mPutioned the localities in which the Yess<>ls haYe bePn operating 
have been Heleeted aft~i· taking into comiideration the aC'cessibility to coaling 
stations. 

This has resulte<I in operations being confined to the Sulu Seu; that part of 
Pala wan near the coaling station of Sandakan, Borneo; and the west coast of 
Mindanao. While operating along the west coast of Mindanao coal could 
be obtained from the Department of Mindanao and Sulu at its Caldera Bay 
C?allng station at a price much lower than at other Government coaling sta­
tions; however, this preferential rate was given only while the coast of 
Mindanao was being surveyed. 

During the past fiscal year the steamer l'ath{imlcr was engaged in surveying 
duties only 228 days, or 62.5 per cent; the remainder of the time was occupied 
in work of repairs to the vessel. On account of the numerous demands made 
upon tile naval stations for repairing vessels of their fleet, and the congested 
conc}ition of the local commercial shipyards, work of repairs to the vessels of 
this Bur(~au is accomplished under many difficulties and with much coi1sumptio11 
of time. 

On account of unexpected demands being made upon the naval dry dock and 
the inability of commercial yards to undertake the work, the Pathfinder re­
turned to the working ground on April 21 with instructions to continue on sur­
veying duties until some definite date could be given by the naval authorities 
for docking the vessel. 

From April 21 to June 23 the Pathfinder was engaged in <Jee11-sea sounding 
in the Sulu Sea, ar::d during tllis time satisfactorily completed that area between 
8 and 9° north latitude. 

The Pathfinder returned to Manila on June 25, and at the close of the year 
Was in dry dock at Olongapo. . 

During the first part o~ the fiscal ymn, from July 9 to December 7, the J1'atlt­
omer was engaged in tlie survey of Cuyo West Pass and the Cagayan Islands. 

From December 8 to April 8 the Pathomer was at Engineers Island Manila 
Undergoing repairs and from this latter date to June 30 was engagefl i~ survev'. 
ing duties on the w~st coast of Mindanao and Cuyo West Pass. · 

During the past year and on account of the great delny in maldng repairs by 
the Government shipyard at Engineers Island, Manila, 'the Ji'athorncr was en­
engagecl In surveying operations only 234 days (64.1 per cent) . 
. On July 7 the Marinduque was returned to the Coast and Geodetic Survey by 
the Philippine Bureau of Labor. On account of the neglecting of the upkeep 
Of this vessel by the Philippine Bureau it had greatly deteriorated, and a great 
deal of time am! money was spent during the year to restore the vessel to a 
Condition whereby it would be fit for surveying duties. 

Of the entire year only 147 days ( 40.3 per cent) were occupied by this vessel 
in surveying operations; the remainder of the time was spent in work of repairs. 

The Rornblon has been occupied in the field 254 days, or 69.9 per cent, of the 
Year; during the remainder of the time, work of repairs was being performed 
at Engineers Island, Manila. 'rhe field work accomplished by the party of 
this vessel ls as follows: Detailed survey of Vinas River, Hagay Gulf; Holland 
Barbor, Basilan Island; :tncl work along the southwest coa8t of Pain wan Island. 
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f J<;, R HAND, Commauding Str•amf'l' Pathfln<ler.] 

SUMMARY O>' RESUL'l'S.-Reconnoissance: Length of scheme 88 miles, 1,625 squure 
miles of area coverrd, 17 lincs of intervisibility detcrmiued, 7 points selected for scheme. 
Base lines: Secondary 1, 1,895.5 meters in length. Triangulation : 460 square miles of 
area covered; 9 signal polrs erected; 6 observing tripods and scaffolds built. heights 
65 and 50 feet; 2 stations in main scheme occupied for horizontal measures; 6 stations 
in supplemental scbcmcs occupied for horizontal measures; 3 stations occupied for 
vertical measures ; 8 geographic positlonR determined. Leveling : 3 P<'rmanent bench 
marks established, 3 miles of levels run. Hydrography: 0 4 square mile of ar<'a covered; 
12 miles run wbile sounding; 134 positions determined (double angles) ; 527 soundings 
made; 2 tidal stations established; 1 hydrographic sheet finished, scale 1: 20,000. 

At the commencement of the period covered by this report, the Pathfinder 
was undergoing repairs at Olongapo Naval Station. On September 18, being 
ready for sea, she left the station for Manila, where the vessel wns fumigated 
and supplies were taken aboard. On September 26 this ship steamed to Cavite, 
coaled, took on board certain supplies that were not obtainable nt Olongapo, 
and on the night of September 27 sailed for the next field of operations, north­
west Mindanao. The vessel arrived at Dapitan,. Mindanao, on the 30th of the 
month. 

The orders under which the work was done were dated September 17, 1919, 
and called for combined operations over the area between Blanca Point, at the 
northeast end (limit of former survey), to Coronado Point, at the southwest end, 
or as far beyond this latter point ns necessary to effect a junction with the 
party coming up from the south. They also required an investigation of a 
reported reef in Dapitan Bay. 

October 1, the day after arrival, saw the initial activities of this field season 
begun with a search for the reported reef in the bay. It wns foun<l after a 
close JuunC'l1 development, and proved to be a serious menace. 

A preliminary reconnoissance was first made, which included entering with 
the ship of ports 'l'alaguilong (Dapltan Bay) nnd 8antfl Murifl (southwest of 
Coronado Point), nn<l building ranges at iloth places; then with a typhoon 
refuge at each end of the work the erection of triangulation signals was begun 
for the scheme chosen. A few days later, October 14, the Pathfinder wns obliged 
to seek shelter from a severe typhoon in the first-named harbor. 

All signals for the proposed control were erected with the exception of the 
southwest corner of the Coron:Hlo Point qua<lrilnteral. 'l'he original plan was 
to haYe one figure depending from the base Sansalan-'l'nlingu, and with its 
opposite side resting on the north shore of Sibuguey Buy. But a most careful 
reconnoissance failed to reveal a peak adaptable to the requirements of the 
southeast corner, so no better way was found than to use the triangle Dammlnn­
Talinga-Quipit for coming over to the Coronado Point quadrilateral. The great 
figure Slatondisacan-Talinga-Dansalan, which brings the going-ahead line down 
on Mindanao from the base tllat spans the straits, promised great difliculties at 
first; but finally the lntervisibility of all tile stations wn,., proved and observa­
tions completed ut two of them, Disacan and Talinga. It was necessary to use 
heliotropes, for the longest line of this figure is 06 miles, but was carried out 
with an apparatus devised by the chiei' of part~· espt~cially to meet the comli­
tlons of this ki11d of signaling in the islands. 

Pust experienee in the Philippines hn<l inclit«ttP<l two l'PnRo!ls fo1· unsm·t'essfnl 
results with the instrument as fnrnisherl for this purvose: J\Iit'l'Or too small, 
und failure of tlw operator in mai11tnl11ing neeurate aim, this lnst due in part 
to the short distance between the standards that determine the line of sight. 
'rhe fact is thnt mirrors will not ref!Pet: In tllis humid elimate ns they would 
in a country with n drier atmosphere; for instance, in the great trigonometric> 
surYey of Inflia com]laratively small minr1rs were use<l ovE•r lines of unusual 
length. But here the uueven refraction cam;es the reflected beam to wink, and 
to f!O out momentarily in tl1e most erratic mnnne1-. It hnd been found that 
sending messages by heliotrope wa1:1 out of the question, but with the spedal 
appar<ttUR rpferrPrl tn It wns 1hought at lenst ,.11wlP NlrlP letters mi!rht be got 
across; but even this was not vossible, llue to the blinking just mentioned. 

The heliotrope devised for the purpose was constructeu an!l overated ns fol­
lows: Mirrors 1 foot square were so set in horizontal and vertie11l axes that 
however turned the center would remain oYer the station mark. Through the 
Inch wood backing a funnel-shnperl pePphole was c>hiSl'le<l. letting rllrect tl11·011gh 
the silver In the exact center of the glass. At any one station a frame holding 
two crossed lengths of marline was set up, about 15 feet in front of heliotrope 
mirror; then placerl in alignment with the peephole and distant stntion to which 
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about to show, aH soon as vagrant flashes from this laRt iudicated its location. 
Subsequent procedure entailed merely careful attention on the pa4·t of the opera­
tor In holding Uw patch of light on the marline cross wires. 

[R. R. LUKENS, Commanding Stenmer Pathfinder.] 

SUMMARY 01r lUllBULTS.-Hydrograplly; (Deep-sea and launch) 18,176 square miles ot 
area covered; 33.1 miles run while sounding; 137 positions determined (double angles) · 
'634 soundings made ; 2 bydrograp!Jlc sheets finished, scale 1 : 400,000 and 1 : 100,000. ' 

On April 1, 1920, the Pathfinder w:is at nnchor off Manila. Preparations 
were immediately begun to complete the necessary repairs and outfit the vessel 
for sea. 

During the time, from April 1 to 20, parties from the ve'>sel made hydro­
graphic and topographic surveys of the junction of the Pasig River and 
Laguna de Bay, and of the naval anchorage off Cavite. The -latter work was 
<leslred in order that the commandant might lay out anchornges for the division 
-Of destroyers due curly In May. . . 

On April 21 the I'nth{lndcr sailed for the working grounds, and ut daybreak 
on April 24 started the first line of deep-sea soundings running westward from 
the coast of Negros. The work went along as well as could be expected as 
a beginning, until the following day when the rim of the Sigsbee reel split 
-off the drum and threw the machine out of commission. • 

After tying in the line on the north islet of Tubbataha the ship was headed 
for Snndakan for bunlrnr coal. That evening a radio was receiYed stating that 
no coal could be supplied at Sandakan and that the vessel would have to go to 
the mine at Sebattik, about 300 miles down the Borneo coast. After calling 
in at Sandakan for 20 tons the Pathfinder proceeded to Sebattik, arriving there 
at noon, April 29. 

The run was a trying one, due to the mauy reefs and strong currents. Pearl 
Bank light was extinguished, but the submarine sentry gave warning and the 
vessel hove to for an hour on the very edge of the reef awaiting dnylight. 

A.fter taking on 245 tons of coal at Sebattil' the Pathfinder sailed for the 
working grounds at 6 P· m., April 30. A line of soundings was picked up off 
Cagayan Sulu Island and carried due east to tlie Mindanao coast, from whence 
the vessel proceeded to Zamboanga for mail and supplies. Due to a strike in 
the lnterisland merchant marine food stocks in Zarnboanga were nearly ex­
hauste<l, and only a little could be obtained for the ship. The Pat11flncler left 
Zamboanga J\foy 7, and on the following duy started a sounding line \restward 
from northem Mlndn11110. With the exception of a day spent on the Palawan 
coast obtaining fresh beef the ship was engaged contimiously in· deep-sea sound­
ing tmtll May 29, when the last amilable sounding reel was crushed. As the 
fuel was nrarly exhausted the ship stllrted for Sandakan vin Zamboanga for 
lllail and snpplfes. A sounding line was run between Zamboangn and Caguyan 
Sulu, and Sandalrnn was reached at 4 a. m., June 4. 

·while the ship was being coaled a new reel for the Lucas machine was cast 
tit the local shipyard, and a Cosmos reel wa1> reinforced with solid cast disks 
fitted to the rim on each side of the spokes. 

At 1.55 p. m., June 7, the Pathfinder sailed for the working grounds via 
Cagayan Su!u, where a stop was made to obtain fresh beef, and at daybreak, 
.June IJ, started a sounding line eastward from the Palawan coast. Sounding 
was continued until June 21, when, ln accordnnce with radio instructions from 
the Director, the yessel proceeded to Manila, where she arrived at 5.30 a. m., 
·lnne 24. 

Arrangements had been ma!le with the Olongnpo Naval Station to dock the 
Patlt;{lnder, so she sailed for Olongapo at 8.30 p, m. of the same date, and imme­
diately upon arrival the following morning was placed In dry doclc 

During the senson an investigation was made of several dangers to naviga­
tion, Including Tubbntaha Reefs, the reported Rosalia Reef, and Nicholson 
Reef. Of the two last-named reefs no indications were fonncl, although 
sounoing llneR were run over to supposed localities of these reefs. 

[S. D. WINSHIP, Con1m1111ding Steamer Fatliomer.] 

SUMMARY OF nESULTS.-Bnse lines; Srcondary, 1, 818.58 met<>rs in length. Triangula­
tion: 70 square miles of area covered, 15 stntlon~ in main scheme occupied for horizontal 
j111 <'nsnrrs, 21 grogrnpblc positions d!'tcrmlnecl. Leveling; 3 permanent bPnch marks estab­

shed, 1.1 miles of levels run. Magnetic work: 2 sea stations nt which ship was com­
Pl<'t.>l; swung. Topogrnph~·: 15.6 squa1·" miles of nrea surveyed, 47.4 miles. of general 
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coast line surveyed, 1 topographic sheet finished, scales of topographic sheets 1 : 20 000 
and 1: 5,000. 1-Iydrography: 2,183 square miles of area covered; 1,587.4 miles .run while 
sounding; 6,481' positions determined (double angles) ; 22,815 soundings made; 1 tide 
station established; 3 hydrographlc sheets finished; scales of hyclrogruphic sheets 
1 : 200,000, 1 : 80,000, 1 : 40,000, 1 : 20,000, and 1 : 5,000. 

At the beginning of the fiscal year the JJ'athorncr was tlt Manila awaiting 
transfer of the command. An officer and seven men were in camp on one of the 
Cagayan Islands. The command of the vessel was transferred to A. S. Hall­
berg on July 3, but was retransferred to S. D. Winship, July 7, and the vessel 
sailed" for the working ground July 9. 

After coaling, thP Yessel left Sandukun um! ran into bad weather; course 
was lnii\ fo1• Uaguyan Islands, antl three llays were spent there measuring a 
base. A change of wind. macle the anchorage there unsafe, so a run was 
made to Cuyo, although it was very evident that there were two distinct 
typhoons operating near by. On arrival at Cuyo the weather report showed 
three distinct storm centers, one east of the Visayas, one over northern Luzon, 
and the worst one in the China Sea west of Palawan. On account of the 
latter, it seemed advisahle to foemain at Cuyo rather than change the run to 
Araceli. On the 29th shortage of coal forcecl a move to Sandalrnn. The sphere 
of influ<!nce of all the storms was left behind after two days' run to the south, 
hut, according to the weather observer at Cuyo, conditions there did not 
improve for a week, making a total of 19 dnys' low barometer in succession. 

After coaling, the vessel started north and ran into the same kind of weather 
as before. It was uecessary to stop 24 hours at Cagayancillo to water and pro­
vision the party there, after which course was set for Araceli. 

Before reacll111g that port it became neC'essary to slow down for severul 
hours till u change of tide improved the conditions somewhat. The vessel 
lay at Araceli for seven days, during which three tyilhoons followed each 
other in close succession up the west coast of Palawuu. \Vind of force 5--6 
was almost constant in the anchornge, and outsltle a great sea was running. 

Fortunately, tl1e weather improved just about the time that coal shortage 
made it uecessary to leave for Sanclnkan again. 

The remainder or August showe<l fair weather, and a little ship sounding was 
done. 

On the 1st of September the vessel arrived nt Sandaknn, arnl on the 7th 
p1·ocPe<lecl to .Jolo fol' a supply of fresh water. Arriving again ot the Caguyan 
Islnmls on the 13th, there was every inclicution of bad weather to the northward, 
so the ship worked in the vicinity of the Cagaynn Islands un1il the 16th, when 
Rll(~ retumed to Cuyo tmd Sandakan. 

During nil this time every effort was made to sound whenever possible. 
Sometimes only 5 miles were eomplet<!d in a day. In all, during July, August, 
anrl September the Rhip sound<'fl rn days, or parts thereof, for a total of 305 
miles. 

During Octobet· 1111<1 November sllghtly better wenther prevailed, but the 
hanclicup of a 600-mile run for coal held the party down to 11 days' ship 
sounding, for u total of 452.4 miles. . 

D111·ing the entire period n camv part,y consisting of one ot!iee1· nncl from 
four to eight nwn was nm!ntained on !lie Cagnyan Islumfa. Tlliti Jlllrty com­
pleted the necessary triangulation there with the exception of occupying 
station Cnlmm, the occupation of whieh was atternph'd seyeral times but 
preyented by bad weather. 'l'he topography of the group was completed 
exeerit Auuling IRiand, and n eontiid.erahle amount of hydrography completed. 
On a 1: 5,000 sheet a developm<>nt was made of the tll'<>a between the reef 
and shore on the south side of Uagnyaneillo Islnnd, which wus used as a ship 
anchorage when in the vicinity. 

On September 23 an automatic tide gauge wus installed at the Cagayan 
Islands. For 40 days continuous tides were observed, after which the con­
tinuity o1' the observations was broken several times for short periods. The 
gauge was maintained in as good running condition as possible until the camp 
party broke up. 

On November 23 the appearance of lnunenza Jn Cagayancillo eausetl the camp 
party to be abandoned, and it was not reestablished. . 

Whenever possible while en route to and from Sandaknn a lleep-sea line 
was run to fill in the area from 10° 21' north to the Cagayan Islands. On 
account of bud weather these Hues could not be controlled by astronomic 
fixes as well as would be desired, the result being that many Jines cross and 
recross. In all 14 lines were run. 
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On the 1st of December the appropriation for coal ran out, and the vessel 
r>roceeded to Manila for repairs, supplies, etc., arriving there on the 7th. 

Two days after a launch party of one officer nnd seven men left for Laguna 
de Bay to complete the hydrogmpl1~' tlwre. This was accomplished by the 
20th, when all hands returned. 

[IT. R. CAMPBELL. Commanding Steamer Romblon.] 

SuM~L\HY OIJ' llESULTS -Trlangulntioi1: 0.27 squnrc mil<'s of nrPn covered; 11 signal 
J:>Oles erected; 13 observing tripods and scall'olds bnllt, height alJ?ut 10, !eet; 20 sta!lons 
ln mnin sclwmc occntJied for horlzontnl measures: 26 geographic positions determmPd. 
Leveling: 3 pl'rmunent bench marks cstnhlishcd, 0.5 mile of levels run. Topoe;raphy: 7.8 
squnrc miles of urea surveyed; 3.8 miles of genernl coast line surveyrd; 07. 7 milrs of 
Shore line of rlvet·s surveyed; 10 miles of shore line of creeks surveyed; 7 !Opogruphlc 
sheds finished scales 1 · 10 ooo nnd 1 : 5.000. Ffydrwrnpby: 130.4 squnre m1l<:>s of urea 
covrred; 1.382'.1 mlles ri.ID '.,vhile sounding; 8.698 positions dPtermined (double angles) ; 
46,495 sonndln!!'S mndr; 3 ticle stations f'Stnbllslled; 9 hydrogrophlc sheets finished, 
scnles 1: 5,000, 1 : 20,000, and 1 : 00,000. 

On .July l tilt~ Hom/Jlon was in Uagay GuLf, engaged on a s1wcial 8111'\'Pr of 
the VinaR llin't'. 'l'his work wns completed on October 7. · 

In .July cholel'a broke out at various p'nces on the riYet', moRt seriow;Iy at 
its mouth. In the inunedinte Joeality of work there were about 00 deaths from 
this cause clm·ing t!Jc month. Smallpox wns nlRo reported. but it is doubtful 
if there were more tllan u few isolutetl C!HlC!S. All possible preC'antions were 
taken by the fielll vnrty to pl'eYcnt contagion, and. fiehl work was ~ontinued. 

A 1inssing t;yphoon late in .July prevente<l. leavmg for. conl m~t1l August 2, 
.when the supply wus rNluced to the upprox1mate qum_itity reqmred to reach 
Manila. On uccount of the cholera epidrmlc no 11art1es were~ left in camp. 
The vessel urrived In Manila on August 15, being dPlnyed hy rough weather 
<lue to an unusual series of typhoons east of Luzon. 

At Mimila from August 10 to Septemlwr 3 th<' lloiler wnH denned, coal and 
general st:orPs talwn, nntl minor repnirs to tbe boiler c~ffectecl. Leaving Manila, 
September 4, Otl' vPsf;rl nrriYe!l on the worl\ing grounds on the 5th. F!('lcl work 
\\"Uf; continued at once and ('O!llple.tell in this Iocalit'y on October 7. 

Under instructions from the Director of Coast Surveys, the vessel left at 
once for Romblon where enough coal wns taken to reach Sandalmn, via Southern 
Palawan. A stop was made at Puerto Prlncesa for st.ores. During this run the 
Romblon wns delayed by tlie pnssage of two typhoons. After receiving stores, 
the fielcl work on the southeast <'.onst of Palaw1111, wlJOrf' lt hn<l been hrolrnn off 
the year befor(), wns tnken up. On Decemlwr 31 the Romlilon wns still on these 
worlting grouncls. . . 

The only triangulation l)one h.''. this p~u·ty 1l11n.11g the 11r1·iod coverecl by this 
report wns that on tlle Vmus ll1ver. This cons1stcLl of n very small scheme 
Which was run up tl~e bnnks ?f the river. There were Bo unusual featur('s in­
volved except the very short Imes, und the number of obsprving tripods built in 
the mud and water. No base line was mensured. · 

'l'he tor1ography clone on the Vinas Hi\~er~ was of nn unusual and difficult 
nature. The greater pnrt wus <lo1w 011 n l: H,000 scale, and unusual accuracy 
was requlretl. 'J'he plnnetable only wnH m:e1l on tlw main stremu, where the 
hllnks were for mueh the greater pm·t of mnngron>, OYcrhnnging soft mud and 
water. 

For about 4;\- miles above th~ tri'.mgulatiou, a plmwtablP t:rnverse was made to 
the approximate head of uav1gat10n. This pa1t o.f tlw wor]{ was carried on 
With diffieulty, ns considerable cutting had to he 1lonP hP<·nuse of the nature of 
the ban Im. 

All side sti•eams, creeks, and sloughs WPl'P i·un Jn using the sextant und eom-
Pass for directions, and the rocl readings for distauces. · 

On the Palnwan coast the mai~ shore line had already been located, and the 
only topography done was on r~vcrs nnd creeks with n few contours. The 
method just described was used rn surveying these rivers. 

1 The hydrography of the Vinns River was completed. 'l.'he system of 25-meter 
tines, required by the instructions wns <lone entirely with n whalebont. An nt­
tic~b~ wus made to use the lnunch for the channel Jines, hut it proved imprnc-

ln Off Palawan the greater part of the work remaining was hyclrography. Dur­
th g the season of 1918 the weathe1• was such •that it was Jmpossible to complete 
tloe ,d~velopment on the inshore ship sheets. During the season special atten-

ll "as r>nld to this worlc with the result that both of these sheets are to be 
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turned in as completed. The little rem1ti11i11g work on one of tlwm \\-ill be done 
on a small section of the boat sheet. 

The launch continued the inshore hydrography in the locality of Island Bay. 
This party was laid up a good share of the time by the weather, which even 
prevented much work in this bay. 

The hydrography of the rivers surveyed was completed as soon as the topog­
raphy was done, a pulling boat and the motor whaleboat being used. 

'l'he .work of the party was hindered to a considerable extent by the unusual 
weather. During the year about 26 typhoons are reported to have passed close 
enough to the islands to affect the weather in the locality of the worlc. 

[fl. B. CAMPBELI,, Commanding Steamer Romblon.] 

SuMMAaY OP aEsur,Ts.-Levcllng: 3 permanent bench marks established, 0.3 mile of 
levelR run. Topography: 305.6 square miJPs of nrea surveyed; 1 topographic sheet 
finished, scale 1: 40,000. Hydrography: 258.3 square miles of area covered, 1,318.4 
miles run while sounding, 5,797 positions determined (donhle angles), 21,655 soundings 
made, 2 tide stations established. 

From February 24 to March 1 the Romblon was at Caldera Buy, endeavor· 
Ing to obtain a supply of coal. Lf'aving Caldera Bay March 2, the vessel ar­
rived on the working grounds on the same date. Camp parties were put out, 
and the ship proceeded to Sandakan for coal. 

'l'he work in this locality was continued untll April 21, at which time the 
work required by the instructions was completed, and the monsoon had chang~d 
enough, apparPntly, to permit work to advantage on the Palawan coust. · 

The Roml1lon left Basilan Island on April 22 und proceeded to Palaw:m :by 
way of .Jolo and Sandakan. ·· 

From April 27 to June 20, work was continued on the Palawan coast. Dur­
ing this period coal was obtained at Sandakan, but owing to the presence of 
bubonic plague in that port the vessel was obi!ged to go to Puerto Princesa for 
water. 

Leaving the worl;:ing grounds on .Tune 20, the Rornblon proceeded to Manila, 
arriving on June 24. 

During the remainder of the month a general overhauling was started, and 
preparations were made for transfer of command. 

The only triangulation done by this party during the period covered by 
this report was on the west and southwest side of Basilan Island. The scheme 
to the north of the island was extended around the west coast to the locality 
of Maluso Bay. The work done furnished control for the local survey of 
Maluso Bay and forms a part of the scheme that will eventually encircle the 
island. 

The topography done on Maluso Bay consisted of one 1 : 10,000 sheet, which 
was completed, and a small subsheet on a scale of 1: 5._000 of Port Holland. 
The greater part of this worlr was done ahead of the triangulation and was 
later adjusted where necessary, to agree with triangulation intersection stations. 

On the Palawan coast a very little topography was done on the creeks in 
the locality of Island Bay in .January, using stadia distances with· directions 
determined by the sextant and compass. 

During May and June the contours were determined of the peal;:s lying south 
of Island Bay as far as triangulation stations Munt and Piel. This work was 
done on a 1: 40,000 scale, and it is believed with a degree of accuracy that will 
fill all requirements. Owing to the distance inland of the peaks, it was neces­
sary to occupy two tree ton;; and the peak Aullison to obtain plunetable loca­
tions and elevations of the prominent points. The rest of the locations and 
the sl;:etching of contours was done by the use of the sextant from the ship 
and anchored whaleboats. 

At Maluso Bay the hydrography was done f'ntirely with launch and whale­
boat, the whaleboat being used in the harbor development and on shoals. 

On the Palawan coast the route usually followed by vessels running coast­
wise was completed to a juncture with the Path{inaer's work in the locality 
of Island Bay. Inside of this is a small area of launch work remaining to be 
developed, which will be of little practical importance because of the foulness 
of the bottom. Offshore, however, there is n considerable area and a number 
of shoals which should be developed on as large a scale as practicable. 

At Maluso Bay an automatic tide gauge was kent in operation for about two 
months, ancl in addition a simultaneous comparison was made with Zambounga. 

Tlcles were read or an automatic gau~e was used in Island Ray while wor1'0 

was being done off the Palawan coast. 
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No currents were measured. 
Weather conditions were found to be very favorable during March and Aprll 

on the south coast of Basllan. 

[KENNETH T. ADAMS, Commanding Steamer .Jlarfnd1u/tJ.6, July 1, 1919, to Feb. 29, 1920 
nnd Steamer Fathomer from Mar. 1, 1920, to June 30, 1920.J ' 

SUMMARY Oil' RESULTs.-Reconnoissance : Length of scheme 28 miles, 390 square miles 
ot a1·ea covered, 11 Jines of interv1sibillty de.termined,, 4 points selected for scheme. 
Trlagu)atlon: 1.544 square miles of area covered; 21 signal poles erected, 7 observing 
trlpodB and scatrolds built, 11vernge height 54.5 feet; 12 stations In main scheme occupied 
for horizontal measures; 10 stations In supplementitl schemes occupied for borlzontnl 
measures; 27 stations occupied for vertical measures; 70 geographic positions determined• 
52 elevations determined trigonometrlcally. Magnetic work: 4 land stations occupied 
for magnPtlc declination, ship swung at two stations at sea. Topography: 8 miles of 
general coast !lne sm·veyed scnle of topography 1 : 20,000. Hydrography ; 546.4 square 
miles of urea cov(•red 1,825.15 miles run while sounding, 3,110 positions determined 
(double angle), 8,805 'soundings made, 1 tide station reoccupied; scale of hydrography 
1: 80,000. 

The main-scheme triangulation on the west coast of the Zamboanga Penin­
sula was started from th1~ line Lampinigan-Sangboy of the former triangula­
tion. 'l'he first advance was made through a large three-sided central-point 
figure to the line Sangboy-Patag. The next figure was also a large three-sided 
central-point figure giving an advance to the line Pata-Piucan. The first figure 

· was a four-sided central-point figure with one diagonal observed, giving an 
advance to the I!ne Siokun-North End. 

All of the above work was accomplished on the U. S. S. Marinduque, except 
the building of a signal at station Siokun and the occupying of North End. 
This included also the building and locating of the supplementary stations­
Batal, Pona, Limasun, Morog, Botot, Parang, and Kauit-and also the build­
ing of signals at Bald, Siraguay, and Jaro. 

The above work was done under extreme difficulties; tile party was small, 
n111I the officers were not experienced In this type of work. During the months 
of October and November cloudy and rainy weather was so prevalent that even 
reconnoissance was mere gm~sswurk. The highest peaks were always sur­
round.ed by clouds. Practically nothing w·as known about the topography of 
the peninsula, and all stations were located by local reconnoissance. In Decem­
ber the weather cleared somewhat, hut the bullc of the above work was done 
In January. · 

The entire C(}Untry is heavlly wooded, even the highest summits; and not u 
main-scheme station, with the single exception of San Ramon, was established 
without a great deal of clearing. The topography of the country was such 
that the stations had to be put on the highest peaks, two at least of which were 
quite a distance inland, and local guides in most cases were found quite useless. 

The u. s. s. F'athornet· resumed this work on April 8, 1920; three main-scheme 
stations were built, tile reconnoissance of which had been previuusly com­
pleted by the IJ. S. S. Jl{n.rin<luque, and five main-scheme stations were com­
pletely occupied and two main-scheme stations reoccupied. This c'Ompleted the 
four-sided central-point figure Patag-Piucan-Nortll End-Slokun, and the next 
figure was a large four-sided central-point figure, with one diagonal observed, 
advancing from line Slolrnn-North End to the line Labuk-Qulpit. 

Seven supplementary stations were built by the U. S. S. Fathomer and eight 
stations were located, leaving two stations incompletely located-Basuk and 
Dikul. 

The northern part of this work was rushe(l primarily to locate hills and 
tnountaln peaks to be used by the U. S. S. Pathfinder in offshore deep-sea 
Sounding. . 

Thus it wlll he seen that m the total work nine new main-scheme stations 
were built ancl occupied, two stations reoccupied, and Quipit occupied, 
forming four large figures. The strength of these figures is very good, 
considering the topographic conditions. Tile difficulties of the topography of 
the country mnY be realized when it is remembered that in no one of these 
figures couid a quadrllatcral, with both diagonals observed, be formed. 

In the total work 17 supplementary stntions were built and 15 of these 
located. Here it wlll be seen that the figures are sometimes weak and that 

;various expedients were resorted to to get these stations located. The topog­
·'1·nphy of this coast made tlle location of these signals very difficult. 

12183-!?0-11 
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In addition to the above supplementary stations seven intersection stations, 
all unmarked, some of them without a elwck, have been located for the 
assistance of the topographer. , . 

A more or less complete scheme of vertieul angles was observeu over the 
entire scheme of triangulation, more complete in the northern part of the 
work. 

The elevations of all triangulation stations were determined, and a practical 
adjustment of the results has been made. 

In connection with the vertical measurements, direct elevation connections 
were made with the sea at the following stations: Parang, Jaro, Siraguay, 
Panob, Balili, Basuk, and Dikul, and an elevation connection by vertical 
angles was made at Santa Maria and Biusong. 

On the U. S. S. Fathomer three magnetic stations were occupied on the 
Zamboanga Peninsula, Limasun, Sickun, and Dikul. And to date one station 
has been occupied in the vicinity of the Cuyos, Dib, Maducang Island. 

The topography on the Zamboanga Peninsula was barely started, a few 
days' work only being done on one sheet, and that very incompletely. · 

No hydrography was clone on the Zamboangu Peninsula :.vork. . 
Ship hydrography was begun in the Cuyo West Pass on May 21, 1920, and 

was in progress at the close of the fiscal year. Satisfactory progress was 
made, all the work at the south end of sheet P1445 being completed up to 
the latitude 10° 50' north and the work to the westward being completed east 
to longitude 120° 12' east. 

Numerous patches of 20 to 25 fathoms were found, but no dangers or indica­
tions of dangers were discovered. 

VmmN ISLANDS. 

(0. W. SW;\INSON.] 

SUMMARY OF nEsur,Ts.-Reconnolssance: Length of scheme 5 miles, 12 square miles of 
area·,. covered, 6 points !!elected for scheme. 'l'rlangulatlon : 10 square miles of area 
covered ; 20 signal poles erected ; 2 observing tripods ; 2 observing scaffolds built, 
height 16 feet; 5 station's In main scheme occupied for horizontal measures; 4 stations 
In supplemental schemes occupied for horizontal measures, 9 stations occupied for ver­
tical measures{· 45 geographic positions determined; 4 elevations determined trlgonometrl-. 

cally. Magnet c work: 1 station on land occupied for magnetic observations. Topog­
raphy : 50 E<qunre miles of area surveyed ; 44 miles of detailed shore line surveyed ; 10 
miles of shore line of ponds surveyed ; 180 miles of roads surveyed ; 4 topographic sheets 
completed, scale 1: 10,000. 

On July 1, 1919, work was in progress on the detailed survey of the Virgin 
Islands undertaken at the request of the Navy Department. 

On that date the survey of the islands of St. Thomas and St. John had 
been completed. The latitude and longitude had been carried to the Island 
of St. Croix, and the triangulation on St. Croix from the western end of 
Chdstlansted had been finished. No topography had been done on St. Croix. 

The work was continued in the same manner as in previous seasons. More 
accuracy and. detail was obtained in the survey of St. Oroix than in the case 
of the other two islands for the reason that St. Croix was more cultivated, 
less wooded, and the estate boundaries were better defined. Consequently 
better topographic sheets were obtained. 

The topography of the Island of St. Croix was begun July 8. The first sheet 
embraced the area from 1 mile east of Christiansted to 3 miles west of that 
place. Control for this s11eet had been furnished by triangulation and plane­
table determinations of positions of flags placed on the hills. The elevations 
of most of the points determined by triangulation had been determined with 
the theodolite and computed. 

The topography on the sheet covering the western end of the island was 
begun August 28, from which date, except during November, two topographic 
parties were constantly in the field. 

Practically all of the estate boundary lines were located, as well as the roads 
and many of the fences. Twenty-foot contours were used. 

By December 31 the topography of the area from Seven Hills to the Diamond 
Ruby estate and two-thirds of that from Mount Pleasant to the western end 
of the island was completed. 

The triangulation was continued as required to the eastward as far as 
Seven Hills. The scheme wns laid out and signals erected to the eastern end 
of the island. 
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The geographic positions of 180 objects between the western end of the 
lslrind and the Green Cay estate were determined. The elevations of most 
of these objects were also determined by triangulation. 

The magnetic station at Christiansted was recovered and occupied with the 
declinometer. 

Instructions were received on January 8 to discontinue the survey at a 
Doint where It could be conveniently resumed at a later date by another party. 
As considerable work remained to be done on one sheet to finish it, and it being 
inadvisable to leave the sheet uncompleted, and as the other sheet was in such 
condition that after only a few more days of work it could be readily left for 
another party to finish, the personnel belonging to one field party was discharged 
January 15 in order to conserve funds for the completion of the second sheet 

Thereafter every effort was made to finish the second sheet with the least 
Possible expenditure and in the least amount of time. 

The weather was unfavorable for ·field work during a large portion of the 
months of January and February. The wind was very strong. The work was 
frequently interrupted by heavy showers. The amount of rainfall was unusual 
for this time of the year. 

On March 1 the field work on the second sheet was completed with the ex­
ception of blocking in the town of Frederlksted. · TM ofilcer In charge of the 
sheet proceeded to block In the town while the chief of party completed the 
first sheet to a point decided upon. 

By March 20 the services of the officer attached to the party could be dis­
pensed with, so he was detached in order to. proceed to Washington and there 
complete the ofiice work on his sheets. The chief of party remained to take 
the launch and its gear to St. Thomas for storing with the naval authorities 
and to finisl(the details incident to closing the field work. 

While in St. Thomas the chief of party called upon the governor and the 
Important; naval and Marine Corps officials and notified them of his intended 
departure and the state of completeness of the survey. Gratification and sat­
isfaction: with the work was expressed by all. The governor desired that when 
the su,rvey was resumed the same character of work be done. 

Endeavor was made- to secure a blue print or other data regarding the 
d·redgerl area in St. Thomas Harbor. No trace of the existence of such data 
could' be found. The harbor maste1• had the original working sheet used by 
the dredge, but it wasincomplcte. He said that he had checked up the dredged 
area when the work was completed and found it to be· as specified. He also 
said that the limits as shown on the present chart were corr.ect. The chief 
of party checked the chart roughly with the dredge's working sheet and found 
them to be similar. 

Sextant angles were taken in the vicinity of Scorpion Rock on the range for 
entering the harbor. It was found that the correct entrance bearing was one 
1w two degrees different from that shown on the chart and that the position 
011 the chart ·of both beacon~ was in error. They are shown correctly on the 
topographic sheet covering this area. . · 

Two wireless towers were located that had been erected in St. Thomas since 
the triangulation in that vicinity was completed. 

The chief of party sailed for New York on April 6. 

PoRTo Rrco. 

vmqm;s MAGNETIC OBSEIIVATORY. 

[WALI,ACE M. HILL.] 

A practically continuous record with the magnetic instruments was obtained 
nt the Vieques Observato!:y. 

A. good record was obtained of the very strong magnetic storm of August 11 
esPecially of the total intensity. This storm received considerable attention t~ 
lllaees as far distant as Australia. 

The magnetograms were scaled for each hour recorded, and computations 
Were made for base line, scale values, and time. Observations were talcen at 
llroper intervals for absolute values. scale values, and time. 
t It was necessary to ad.Just the vurlometer several times for what appeared 
o be a change of level of the supporting piers. . 

The seismograph was kept in continuous operation, and in addition to a 
few earthqunlces recorded from a distance, several very small shocks were 
recorded which seemed to be centered about the island of Porto Rico. 
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On December 15, 16, and 17, and January 5 a large spot was noted on. the 
sun. During this period a search was made for magnetic storms but only small 
disturbances were noted. 

SPECIAL DUTY. 

:MASSACHUSETTS. 

(W. C. HODGKINS.] 

SUMMARY OF RESULTS.-Trlangulatlan : 12 square miles of area covered, 6 signal poles 
erected, 7 stations In main scheme occupied for horizontal measures, 27 geographic 
poMltlons d<'termlned. Topography : 2 miles of general coast line run, scale· of topog­
raphy, 1: 20,000. 

Between May 10 and 22, 1920, at the request of the Navy Department, a 
determination was made of the geographic position of the radio-compass 
station at Fox Hlll Island, Chatham, Mass., and of the azimuths of several 
prominent objects from the compass station. 

The commandant of the navy yard at Boston detailed two civilian employees 
of the navy yard to assist In the work. 
· Two triangulation stations, Chatham and Strong, were ·recovered, and from 
these stations as a base a scheme of triangulation was developed which In­
cluded the radio-compass station. This scheme was covered far enough to the 
southwa.rd to redetermine the position of the Chatham Congregational Church 
spire and the Chatham South Lighthouse, which were desirable as checks. on 
.t:Jie recovery of the two base stations. The positions of a number of conspicuous 
objects, churches, water tanks, chimneys, and Coast Guard stations, likely .to 
prove u8eful aids In case of any ~uture surveys in that vicinity, were deter-
mined incideritally. . 
· T.he radio-compass station is situated almost upon the line between the base 

stations. . The building has a small tower with a square pyramidal roof. 
Pointing'! were made upon a mark fixed to the apex of the pyramid, and a 
platform was built upon the roof on which a theodolite was mounted for the 
observation of directions to all prominent objects in the vicinity. · 

Extensive changes having taken place in the outer beach in recent years, 
topographic sketches of the shore were made and checked at intervals by sex­
.tant angles. 

The naval force at the air station furnished a small boat and .two seamen, 
by which means access to Strong Island and the ocean beach was,,obtained. 

FLORIDA. 

[J. H,. J>ETERB, Commandiug Steumer Ranger.] 

In accordance with instructions issued April 13, 1920, the party on the Ranger 
determined the geographic position of the United States Naval Radio Compass 
Station at Camp Shautlee, Santa Rcisa Island, Fla., and five azimuths from it to 
prominent stations within sight. 

As the position of a wireless tower at Camp Shaufiee, which has now been 
taken down, had been determined previously, it was only necessary to measure 
directly the distance and direction from it to the compass station. For this 
purpose the compass station was occupied with theodolite and directions taken 
to Deer Point Beacon and to Quarantine Station water tank, these being the 
only objects visible, owing to fog at the time. As the officer in charge of the 
Installation was awaiting azimuths In order to complete the work, and was 
satisfied with these three objects, it was not advisable to await clearlni:t until 
more prominent and distant objects were visible. For future use the azimuths 
to Pensacola Lighthouse and to the observation tower at the naval air station 
were computed and furnished to him. 

DELAWARE AND NEW JERSEY. 

[0. W. FERGUSON.] 

SUMMAl!Y OF llESULTS.--Trlangnlntlon: 20 square miles of area covPred; 6 Rl!rnal poles 
erecte1l : 3 observing tripods built, total height GO feet; 3 observing scntl'olcls bullt

0
, 

total bright 10 feet: 10 Rtatlons main scheme occupied for horizontal measures; 8 
geographic positions determined. 

Between May 25 and 31, 1920, at the request of the Navy Department, the 
geographic positions of the naval radio compasses at Cape May, N. J., Cape 
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Henlopen, and Bethany Beacb, Del., were determined by triangulation. Azl• 
muths were determined to various conspicuous objects and north and south 
lines laid out at each of the compasses. 

EXHIDIT OF THE UNITED STATES COAS'l' AN11 GEODETIC SUllVEY AT THE NATIONAL 
MOTOR BOAT SHOW, NEW YORK CITY. 

[D. B. WAINWUIGHT.] 

An ofticer· was detailed to tul;:e charge of an exhibit furnished by the Bureuu 
ut the annual motor bont show held in New Yorlc City from February 18 to 
March 1. 

Valuable assistance was rendered by the inspector in charge of t11e field 
station at New York, in fmitalling nnd curing for the exhibit. 

While the rnaterlul for the exhibit was furnished by the Survey the entire 
expense was paid by the officials in charge of the slww. 

The results of the exhibit were highly satisfactory both from the lar~ 
attendance and the interest manifested in the charts, Coast Pilots, and other 
publications exhibited. 

The exhibition was held in the Gl'and Central Puluce, and ample space was 
provided on the mezzanine ftoor for the Survey exhibit. 

A seleetlon of characteristic charts was shown of localities of special interest, 
Including NC'w York Hal'bor, Long Island, Boston Harbor, Hampton Uoads, 
and the Delta of the .Mississippi. A number of the nautical publications of 
the Survey and a collection of photographs illustrative of the methods and 
results of the Survey and of some of the 1mrveylng vessels were exhibitll\l. A 
small m'odel of'the wire drag was also shown. 

Information was furnished verbally to per1>ons Interested by the officer in 
charge as to tl1e necessity for charts for navigation, with suggestions as to their 
practical use. . 

Much interest was shown in the exMbit, pnrtlcularly by nautical men, yachts-
men, and owners of motor boats. · 

NEW YORK. 

SPEED TRIAL COURSlll FOB BEA PLANES. 

re. a. QuILLIAN.J 

ln September, 1919, n 5-mlle speed tl'ial course for seaplanes was established 
off Roclmway Beach, N. Y., at the request ~f the Navy Department. 

The work included tl1e recovery of sufficient trlungulatlon stations to furuish 
nccurute dh:tunces, the establishment of two runges delineating the limits of 
the course, computations oi' the angles requlr!'(] for placing the buoys, placing 
Jn position a buoy ut each end of the course, and placing also two approach 
buoys and four marker lrnoys at mile intervals along the course. In addition 
a number of prominent objects, which will be of nse in future sul'\'eys, wei·e 
located by triangulation in t~e .course of the wol'k. 

A brief preliminary descnptron of the course was furnlshecl to the commarnl­
ing officer of the United States Naval Air Station, Rockaway Point, N, Y. 

The trial course was to be 5 mlles in length, stmlglitawuy, for use of s!'a~ 
planes. It was desired on the A!lantic Ocean side of Hockaway Beach. The 
planes were to be ilown at low alt1tu<le, viz, 25 to 50 fed u!Jo,·e the water. ~l'/..te 
course was not to upproach too colsely to the bathing beaches, ('f'per.inlly oft' 
the Edgemere Hotel. The course also was not to be so near the breakers as to 
endanger 11 plane forced to ullght or witli engine trouble drifting Into the 
breakers. 

The problem waH to select such a ·place for the course_, pluce two !Juoys 5 
miles apart, place marker buoys on the course at mile intervals, furnish data 
for replacing the marlrnr buoys, and furnish data for replacing the end buoys, 
marking the limits of tlle course, exactly 5 miles apart. . 

The most suitable place for the east·end buoy of the course was found to be 
off Coast Guard Station No. 91. Even here the locution of tl1e front rau"e was 
limited by the 1.Julhlings which ulmost shut in the Coast Guard station." Like­
wise the same general features limited the distance between the eusteru ranges 
and thereby limited the distance.offshore of the course. 

Coast Guard Station No. 91 "·us selected us the east-rear range. A tripod 
Was erected on the beach for the east-front range and u point on this range 
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selected for ·the east-end buoy. This point was selected from the chart and 
the distance to the buoy scaled off the chart. '£he angle· at the buoy between 
the range and the Edgemere Hotel was. <!Omputed and the di.stance altered so 
that the angle at the buoy was an even number of degrees and minutes, 61° 03' 
being selected. 

Using the above data the proposed geographic position of the east-end buoy 
was computed. This proposed position of the east-end buoy was considered final 
and the buoy finally placed in this position. 

At the west end of the range the triangulation was extended from two re­
covered points to C. G. No. 92 and an old Coast Guard station tower, these two 
points being visible over most of 1rort 'l'ilden, where the western ranges were to 
be located. 

Permission was obtained from the Coast Artillery Corps to erect range towers. 
An auxiliary station (Aux) was then established near where the west-front 

range was expected to ftill. The geographic position of Aux was determined 
and the distance and azimuth between Aux 11nd east-end buoy computed by an 
inverse position computation. 

At the time of selecting the proposed position of east-end buoy the general 
direction of the course was also adopted as bearing 250° (azimuth 70°). 

The data now at hand gave the azimuth of the course; the length of the 
course, 5 nautical miles or 30,401.35 feet, the distance and azimuth between 
east-end buoy and Aux. 

The right-angled triangle east-end buoy, west-end buoy, west-front range was 
now. solved, the following being known: Distance from west-end buoy to east­
end buoy 5 nautical miles; the right angle at west-end buoy, and the angle at 
east-encl buoy, the differences in azimuth between the course and Aux. The 
point west-front range to be on, or on the prolongation of the line Aux to east­
end buoy. The distance and azimuth from Aux to west-front range were now 
available, and the line was laid out by turning off the angle at Aux and t11ping 
the distance. 'Vest-rear range was placed by setting up at west-front range, 
turning off the required angle to the proposed west-end buoy, and plumbing and 
placing the point on the line. 

The proposed position at west-end buoy was computed and Nie angle at west­
end buoy between the range and C. G. No. 92 computed, viz, 43° 07'. 

The proposed positions of the marker buoys were determined by computing 
the geographic positions at mile intervals along the course and computing in­
versely the azimuth to various known points from which the angles at the buoy 
required to place same were known. 

The end buoys were e11sily placed in position by steaming up on the ranges 
until the angles were on the sextant and dropping the sinker. 

Placing the marker and approach buoys was more difficult, as only one sextant 
was available and the tug had to be ldckerl rouncl until hoth angles taken in 
rapid succession were on. 

Later two approach buoys were droppecl and one of the marker buoys shifted, 
using a standard motor sailer. 

After dropping the buoys additional ti:langulation was done to locate the 
range towers and the end buoys. Certain delays in building the range towers 
and the fixed date for obtaining the tug made it impracticable to check the 
range towers befo1·e dropping the buoys. 

The triangle locating the end buoys contained the angles observed at two­
shore stations and the sextant ungle observed at the buoy. The distance was 
obtained by computing the geogr11pllic positions and then the inverse computa­
tion between the buoys. The distance between the buoys is 3.6 feet in excess 
of 5 nautical miles, or 5.00059 nauticaJ miles. This also was tbe check. 

MARYLAND. 

[E. DUVALL BROMLEY.] 

Under instructions issued February 3 and November 8, 1920, an officer was 
directed to m11ke preliminary investigatton of the bournlary survey for the Aber­
deen Proving Ground, through the officials of the War Department and the 
commanding officer of that post, to ascertain the necessary data relative to es: 
tablishlnJ?; the houn<lary limits of the reservation. 

In compliance with the above-mentioned instructions, an investigation was 
made of the records of the former surveys made by the county surveyor under 
the supervision of the land commission appointed by' the Secr11tary of War, tl1e 
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personnel of which had· been abandoned at the termination of the war, l<jUYlng 
the boundary limits doubtful in certain sections. 

It was the intention of the proving-g1·ound officials to 111we monuments placed 
along the boundary limits as near as possible to the former surveys as made by 
the country surveyor, u1id to connect these monuments with the scheme of tri­
:mgulation of the range towers, running secondary traverse around the boundary 
llmits, then to have a new proclamation issued by the President to conform to 
these new results. '.file boundary monuments to be used for control points on 
any part of the reservation for range-firing work, topography, and levels. . 

After completing this investigation of records and submitting detailed esti­
mates at the request of the commanding officer of the proving ground for the 
completion of the survey, it was dedde<l that this work should be done by the 
Army Engineers, and the officer of the Survey detailed for the work was cle­
tach,ed. 

While on this work a base line determined by the Signal Corps was checked 
and connected to the triangulation schcine of range towers through the as­
sistance of the proof section of the post. 

Upon completion of this and upon the final decision of the Army Engineers 
the work was abondonetl by the Coast Survey. 

VlltGINIA. 

I CHAitr,Es SHAW.] 

SuMMAitr OF nEsur,Ts.-'.l'riangurntion : 10.4 ~quare miles of area cov<•red, 6 signal 
poleR ercct~d, 2 stations In main scheme occupied for horizontal measures, 2 geographic 
positions determined. 

In June, 1920, arrangements were bPgun for laying out for the Navy a 
triangular speed-trial course for nirplanes ln the vicinity of Hampton Roads; 
Va. Field work was begun June 25, and the remainder of the month was usecl 
in recovering and rebuilding the necessary signals. 

A flight: wns talten by the observer over the worlcing grounds in one of the 
Navy seaplanes, by which means the time required in recovering signnls was 
much shortened. 

NORTH CAROT.INA. 

[C. G. QUILLIAN.] 

SUMMA!tY OF 11ESUL'rs.-~rlangulatlon: 3 stations occupied for horizontal measures, .4, 
irrographic pos!Uons deterromed, l radio compass located, 1 radio compass oriented. 

Between August 30 and September 5, 1919, the geographic position of the 
Naval Haclio Compass Station at Cape Lookout, N. C., was determined, the 
compass oriented, and a true north and south line established at the compass 
station for furnishing bearings to vessels. 
· The radio compass consists of a series of vertical wires wound on n square 
frame about 6 feet square ; through the center of the frame a vertical axis 
pai:;ses and extends through the floor to the receiving room on the floor below. 
At the foot of the shaft and rigidly secured to the same is a dial with a pointer 
extending entirely across the dial. Immediately beneath this dial is set a 
plate graduated In degree from O to 360. This plate ls secured to the operato1·'s 
table nt center of the shaft ancl the zero Ret at north. The reading of tlle 
dial on the circle ls the bearing of the radio signal. 

The operation room ls screened in on nil sides with a copper mesh to cut 
off c11strncting influences. 

The cllrection of the rnrlio Rlgnal is determined by maximum and minimum 
sound received, and the coil itself is at right angles to the direction. When 
the coil is set exactly on north the pointer should rencl 90°. The important 
thing ls to lay the north and south line so that the position of the coil mny lie 
referred to it. 

The triangulation station nt Fort Macon was recovered, a signal erected, and 
angles observe<l. At Cape Lookout Lighthouse an auxiliary point was selected 
from which Cape Loolwut Lighthouse, the Coast Guard station near the radio 
compasR, and the compass station coul<I be seen. At this auxilinry point a 
signal pole was erecte<l. The Coast Guard tower was then occupied eccen­
trically, and the auxiliary station cut In. The lighthouse was occupied and 
the auxiliary station cut In, but observations were not completed on accomit of 
haze. The observer then returned to the compnss station and turned off the 
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angles to the compass from the auxiliary .station and marked the line on the 
floor of the station. Computations were made to obtain the azimuth. 

As a check the auxiliary station was occupied and observations made on 
Polaris and on the compass station. 

From the direction at the Coast Guard station and Cape Lookout Lighthouse 
the azimuth to the auxiliary station was obtained, and then the azimuth of the 
line joining the auxiliary station and the compass station. The north line 
was afterwards laid off by tangents and marked on the compass deck, and 
Cape Lookout Lighthouse was reoccupied. 

LOUISIANA. 

[E. B. T,ATIIAM.] 

SUMMARY Ob' nEsuI.Ts.-Base Linf'B, primary, 2. 03, and 317 m~ters In length. Triangu­
lation : 10 signal poles erected; 3 observing tripods and scaffolds built. heights 30 feet: 
8 stations In main scbeme occupied for horizontal measures; 15 geographic positions 
determined. 

Between F'ebruary 18 and February 23, 1920, a determination was made by 
triangulation of the positions of the naval raclio-cornpass stations at Pass a 
Loutre, Southwest Pass, and Grund Isle, La. 

Transportation for the observPr was furnished by Naval subchaser No. 191. 
At Burwood station signal and scaffold building was begun February 19, and 

observations were completed February 23. 
The position of the station and the position of an iron tank were determined. 

An azimuth murk was established, and a north and south line was set insida 
the compass-station house, in the plane of the upper end of the radio-compass 
spindle carrying the coil. 

At Pass a Loutre the light station was reported to haYe sunk 17 feet in the 
mud. The position of the central iron column of the lighthouse at the present 
surface of the ground was assumed to be in the position previously determined 
by this Bureau. The spindle at the top of the light structure had settled to 
the west. The amount of settlement was determined, and the change in azimuth 
between thi>i position 1in<l that of South Puss Light station and tower nt 
North East Pass was computed and fonnd to be so small as to be negligible. 
A small supplemental triangulation \vas made to obtain the distance and direc­
tion of the radio-compass station and these were used to compute the position 
and azimuth required. An azimuth mnrk was established, and a north line 
was set inside the compass-station house. 

At Grand Isle thrf'e old triangulation stations were recovered, and u triangu­
lation was carried frorn the base Martigun-Barataria Lighthouse to the com­
pass station. A short base wns measured, and a check position was obtained 
to the old station wireless telegraph pole. The compass station was marked 
vertically below the lower end of the compass spindle, and the azimuth mark 
was marked ns n reference mark for the compass station. A north line was 
markecl irn;lclr: the eompnss house in the plane of the upper encl of the spindle. 

AIRPLAN~; PHOTOGTlAl'HY. 

On .July 1, 1910, two field parties were engaged in experimental work, deter­
mining the possibilltil's of nirphme photography in connection with hydro­
graphic and topograpl1ic survPylng. E. F. Church wus serving as secretary of 
the research committee engaged in the study of the upplication of airplane 
photography to mapping. 

C. G. Quillian represented tl1e Coast and Geodetic Survey at Atlantic City, 
N. J., during July, 1919, when experimental photographs were made of Atluntic 
City and. the adjoining marsh~· urea. He furnished the ground control while 
the Army and Navy Air Services macle the aerial photographs. The Army 
oflicers experimented with two types of plmw~ nncl two different cameras. The 
Nuv;v officers used a hydroplunP and a dirigible• balloon and two types of cameras. 
The results of these <!Xperinwnls furnished a great ueal of useful information 
and gave an incllcution of the many d!Jliculties that must be overcome before 
airplane photographs can be used for mappiug topographic featur('s with ac­
curacy. 

Dnring July, 1919, the party on the steamer llydrogmphcr, G. C. Mattison 
<'ommandlng, cooperated with the Naval Air Service at Key West, Fla., in ex­
periments to determine the possiblllty of locating submerged rocks and coral 
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beads by means of aerial photography. Various types of cameras were used, 
.a& well as different makes of plates and light filters. The photographs were 
taken at v.arious altitudes and under varying light conditions. The Hydrogra­
pher and launch appeared in each photograph for purposes of control. This 
series of experiments proved quite conclusively that airplane photography is of 
little practical use in locating submerged obstructions. 

E. F. Church served on the research committee until September, 1919. Dur­
lng this time he kept in touch with developments in airplane mapping and dld 
-some office work on methods of control. 

C. G. Quillian.experimented with the Atlantic City photographs, and also made 
a study· of the different problems connected with aerial mapping until Decem­
ber, 1919. 

G. C. Mattison took up the duties connected with airplane photography on 
January 22, 1920. He continued the study of methods and kept in close touch 
with the progress being made by other bureaus and commercial firms. He went 
to New York City in March to inspect the latest types of cameras, and during 
the month of April, 1920, witnessed tests of cameras at Dayton, Ohio, by the 
Ail' Service of the Army. He was engaged in office work during the remainder 
of the year. 

W. E. Parker served as vice chairman of the committee on photographic sur­
veying, a subcommittee of the Board of Surveys and Maps. 

INTERNATIONAL T,ATITUDE STATION AT UKIAH, CAJ,l.F, 

[F. J. NEUBAUER.) 

During the fiscal year the identical observing program in use for the last six 
years was followed at the Ukiah observatory throughout the year. In all 
2,079 star pairs were secured, divided about evenly per group. 

The instrumental constants were determined at least once a month throughout 
the year. This enabled the observer to have the zenith telescope under perfect 
control. All indications seeru to show the instrument in very good condition 
all the time. 

The observer received twice during the past year emphemerldes of apparent 
places of the stars obser-ved. Thus approximate latitudes could be computed 
which served as an index relative to the observer's own observations. 

A series of observations is under way for the determinations of new values 
·of one revolution of the micrometer screw and the value of one division of each 
of the two latitude levels. To all appearances sllght changes took place In the 
value of each. A new metllod of determination of the variation of latitude Is at 
present under experimental Investigation here. A photographic zenith tube 
-designed by Professor Schlesinger, director of the Yale- University Observatory, 
has been Installed recently. Since the method of observing witll this instru­
ment ls entirely automatic, it does not interfere with the observing program 
-0f the international program. 

Upon the request of the observer funds were provided to carry on some very 
much needed repairs ori the dwelling house, observatory building, and grounds. 
These repairs are under way and practically completed. 

Respectfully, 

To Hon. J. W. A.LExANDER, 
Secretary of Commerce. 

E. LEsTER JoNEs, Director. 
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