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The " Leviathan" and (insert. on same .scale) the White Diamond liner "Anglo American," a.famous trans-Atlantic pa.ssenger ship of 1848 

'J'be remarkable increase in the size and speed of ships during the past century has been accompaniad by a correspondi ng growth in the' demands upon the Coast and Gao
detic Survey for additional information on nautical charts and for t:heir extension seaward. 
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REPORT OF, THE:''DlRECTOR 
UNITED· STATES COAST AND GEODETIC SURVEY.· 

. DEPARTMENT OF CoM:MEROE1 . 

. ' 'COAST AND GEODETIC SURvEY, 
· · W ashin(!ton, July 1, 19ft9. 

The honorable the SECRETARY OF CoMMERCE. 
. DEAR 1b. SECI!E1'ARY: There ·is transmitted herewith my first 
.annual report, This report is for th~ fiscal ~~a:r ~:nded JuM so, 1929, 
and is the ninety-eighth an.nuaJ report of th1s bureau. · · 

INTltODUCTION 

. With the ending of the p11st ·fiscal year the Coast and Geodetic 
S~rvey completed the thirteenth year of its second, century: o:f active 
ex1~tence. :Cn most respects the results of the ye,ar have been· v~ry 
sat1sftictory; The demands upon the bureau for the rnany 6.nd varied 
services that it renders-demands thst have increased to a notable 
·e;xtent ~uring recent yea~-:-eontinued ·.·without abatement. . As a 
l'esult of a constant effort to m~:re\\s~ our outru.t by th.e development of 
more econoJJ?-ic11l metho.ds tmd more efficie:nt equipment, real progress 
'alon~ the hne of intef11ill inipro\'enients was made. The res~lts 
·clbtamed by the .use of several new and remarkable methods and m
struments, de8cribed in the 1928 annual report <lt the bureau, have 
fll11y justified our es'timate of their value. 
· · Especially· ~atif:ving .has be~n the evidence ac~lllilulitted through 
the yea:r not only of th~ m~reasmg use by thi: pubhc i:>i t~e numeroµs 
products of the bureau but also of the spreading rea.llza.tion, even on 
the part of those who receive only indirect benefits, of the value arid 
essential nature of the services that we furnish. 

, The importance of our charts and other nautfoal publications, 
being an indispensable part of the navigator's equipment, naturally 
has oeen recognized from the first. The value to engineers and scien
tists o:f the results o:f other operations, such as the bureau's geodetic 
work snd its tide, current, magnetic, and seismologic in.%stigations, 
has not been so well known. To bring these products, and the many 
ways in which they may be used to advantage, to the attention of 
the general public, and thereb;y to inc!'ease the return on its invest
ment in this particular branch of our Government) has boon the 
object of a determined campaign for a number of years. Our e.ff orts 
along this line are producing definite and excellent results. 

Certain present unsatisfa~tory conditions relative to compensa
tion of personnel, both on the active and retired lists, which, of 
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2 REPORT TO THE SECRETARY OF COMMERCE 

course, do not affect this bureau alone, have been mentioned in 
previous reports. While there has been no mat~rial improvement 
during the past year, there have been a number of indications that the 
urgent need for relief in this respect is well recognized. I am hope
ful that the present situation will be remedied by more liberal legis
lation in the near future. 

From another point of view the record of the year is less favorable 
for it has brought home with increasing force the realization that 
this. organization, due to insufficient personnel and operating facili
ties, is unable in all respects to provide the complete and adequate 
service that is essential to navigators, engineers, and others. 

It is a congenial and easy task, in a report of this nature, to recite 
the accomplishments in which we may perhaps take justifiable pride. 
To mention our deficiencies, even though they result from causes 
beyond our control, is not so pleasant. I would, however, feel guilty 
of a serious neglect of duty if I :failed to bring to your attention the 
condition of the bureau in this respect. 

The Coast and Geodetic Survey is charged by law with a number 
of specific duties. Some of our products are vital to the safety of 
our Navy and merchant marine and have a very distinct bearing on 
the economical aspects o{ water transportation. Others have a defi
nite dollars and cents value to the engineering and allied professions. 
If our resources are insufficient to enable us fully to meet the needs 
of those whom we serve, the result is a direct economic loss that must 
continue until relief is obtained. 

In this report I shall1 therefore, endeavor to set forth as clearly 
and concisely as possible, not only the progress of the bureau in 
performing its duties but also the extent to which it has failed to 
meet its ooligations, the reasons therefor, and the steps that appear 
necessary in orper to remedy present conditions. 

Before taking up these mattel'.s however, I can not refrain from 
mentioning the grievous loss suffered by the bureau in the death, 
on April 9, 1929, of Col. E. Lester Jones, director of ,the bureau since 
1915. In his death the members of this organization feel that our 
country has lost an outstanding executive and that they, personally, 
·have been deprived of a capable and trusted leader whose faith m 
this service and devotion to its ideals afforded a constant source of 
inspiration. 



Part !.-FUNCTIONS OF THE BUREAU; ITS PROGRESS 
AND' NEEDS 

PRIMARY FUNCTIONS OF THE <BUREAU 

In order to carry on its work efficiently and .economically the 
organizatlon of the Coast and Geodetic Survey consists of a number 
of divisions, each charged with the accomplishment of one or. more 
classes of work. The duties of these divisions are in many respects 
so different in character that it is necessary, in order to prepare a 
comprehensive report, to consider each .almost as a separate entity 
and to treat of its progress under a separate heading. The thol,lght 
has occurred to me that this arrangement, although seemingly nee~ 
essary, may have a tendency to create the impression that this 
branch /of the Government, while performing several important 
duties, is engaged in a nllm.ber ,of unrelated operati9ns and rn'\lst in 
the very nature of things be unbusinesslike and cumbersome. , · 

To correct any impression of this nature tha:t may exist1 I b_elieve 
that it is desirable to begin this report with a brief outlme' of the 
organization of the bureau with the idea of defining its primary 
functions and of indicating the relation between the different 
branches of its work. ' 

The Coast and Geodetic Survey was organized 113. years ago for 
the purpose of surve;}'ing the coast and harbors of the United States.I 
including adjacent shoals. From a small beginning the scope .ot 
its operations has grown with our co~ntry until it rl?w oper9:tes 
throughout the vast extent of the Umted States and its off "lymg 
Territories. , . . 

The results of our coastal surveys are published, for the guidance 
of navigation and the protection of life and property at sea, on 
about 700 different charts which constitute the basic product of the 
.bureau. I take it :for granted that there is no need to paint out or 
emphasize the importance of coastal charts to any nation that de
p~nds on water transportation for any part of its prosperity. 

The greater pait of the information sh'own on these charts is 
obtained by extensive hydro<Yraphic and topographic Sl,lrveys and 
the accuracy and adequacy of such surveys in any region are, there
fore, an index of the condition of the charts of that region. · 

The first surveys of any navigable waters for purposes of chart 
construction are d.esigned 'to meet immediate needs and such. future 
requirements as can be anticipated. In many cases however, sur
vey.s that. had these qualities are found, after a. periqd of years, to be 
entire~y madequate for the new ~eeds that have developed during 
that time. There are also extensive stretches of our coasts where 
charts may become inaccurate on account of changes in the depths 
of navigable areas and in the. configuration of channels, due to 
naturn;l causes or improyements by man .. Such con?i~ions can ,~~ 
remedied only by repeatmg or. supplementmg the origmal · sl1rveys, 
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4 REPORT TO THE SECRETARY OF COMMERCE 

There is also a considerable amount of information required by 
mariners that can not be shown conveniently on charts. This in
cludes sailing directions and dafa. relative to port facilities, weather 
conditions, radio service, and similar subjects. To supply this in
formation all maritime nations issue volumes called Pilots. The 
Coast and Geodetic Survey publishes 12 Pilot volumes for the coasts 
under the jurisdiction of the United States and 3 Inside Route Pilots 
for our inland waterway,;. Material for these Pilots is collected 
in connection with hydrographic surveying operations and by special 
parties. 

The geodetic work of the bureau has for it$ principal object the 
establishment of a great number of stations, distributed along our 
coasts and throughout the interior, which provide a foundation or 
framework for practiCally all charting and mapping operations. 
These are divided into two general classes-stations, the positions of 
which, with relation to each other and on the surface of the earth, 
are determined·; and bench marks, the elevations of which are known. 

lt has long been recognized that gflodetic control is absolutely 
essential to the satisfactory execution of extensive mapping projects 
and to the proper location of the boundaries of political subdivisions 
and 6f private property; also that the operations required to estab
lish this control provide dat~ indispensable to certain lines of scien
tific investigation. During recent years there has been an increasing 
realization of the value of geodetic control in many engineering and 
industrial operations such as highway location, hydroelectric power 
development; drainage and irrigation projects, ·and flood control. 

As is the case with the majority of maps, a nautical chart, ei;;pe
cially if it extends over more than a very few miles of coast or is 
oneof a number of charts covering an extensive stretch of coast, 
must; be based on a rigid control system tb,at forms a backbone for 
the. ~ntire series .. ~t is consid~red that one of the outstan~ing indi
cations of the ability of Ferdmand R. Hassler, first su:i;>ermtendent 
of this service, is that be recognized this fact and insisted on the 
performance of operations that would produce the results desired
a procedure for which neither this bureau nor any other map-making 
organization has ever been able to find a satisfactory substitute. 

Just as the first coastal work of the bureau, back in 1816, began 
with a trigonometric survey to locate control points, so mus\ its 
pre~e~t-day hydr<;>graphic ~nd topograph~c opera~ions be P.receded by 
a snn1lar geodetic operat10n, called tnangulat10n. Without th1& 
control the bureau would be unable properly to plot a single sound
ing, landmark, or aid to navigation on any of its charts. 

When, as a result. of the growth of our country from a narrow 
band of States along the Atlantic coast, it became necessary to ex
tend geodetic control inland, the work was not delegated in a hap
hazltrd manner to the first bureau that came to mind. It was assigned 
to an oi:ganization that from the first had been carrying on similar 
operations as ·a necessary part of its duty and was the only agency 
equipped with the trained personnel and suitable instruments re
quired for the work. 
. The necessity for tidal observations as a part of any coastal sur
vey . is fairly obvious. Charted. soundings must ~how the depths 
at some definite stage of the tide adopted as a uniform plane of ref-
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erence. This being the case, the bureau's ti~al investigations se~ve 
two purposes with respect to chart production; first, they provide 
data: for the establishment of the- reference plane and :for the reduc
tion of all -soundings to that plai;ie ; sec~md, they enable the .bureau 
to· compile annual tables of predicted,tides by means of which the 
mariner can time the movements o:f his ship to take advantage o:f the 
tide or, by using the tables in conjunction with his chart, can ascer
tain the actual depths at any time. This information is of great 
importance nowadays .when t:he drafts of a large number of ships 
are but little less, and are sometimes grea;ter, than the low-water 
depths of the channels which they must navigate. · . 

The_ degree of safety .and facility with which a shjp may be han
dled .in restricted waters and its running time between po~ts ~re 
often affected to a consiae·rable extent by tidal currents. With the 
inc~ease in size of ships and the growing importance of economy in 
their operation, it has been necessary in late years for the bureau 
grea~ly to extend the scope of its current investigations which .are 
carried on in connection. with tidal observations. · Outside the bu
:eau the results of these operations are of great value in harbor
improvement work, sewage disposal, and similar projects; . 

The magnetic surveys of the bureau are carried on for the primary 
purpose of _providing the ~ata relative to magp.etic va~iation that are 
shown on all charts and airway maps and are essential to the accu- · 
rate use of the mar~ner's compass. The results ar~ equally neces
sary for land surveymg and for many branches of scientific research. 

The activities mentioned above are all essential branches -of chart 
and map production work. That the results, once they are availa~e, 
are valuable and increasingly useful in many other lines of e:p.deavor 
is 'certainly a desirable condition but should not-be allowed to obscure 
ihe fundamental purpose for which they are obtained. . · · 

These operations are carried· on and supervised to a certain extent 
by separate· di visim:is of the bureau for the following reasons : Re" 
sults that come in from the field require a very considerable amount 
of office work to put them in final form for use; ·The expeditious 
accomplishment Of this work requires• the serv:ices of mathematicians, 
cartographers, and others who are specialists in the various branches 
of office work. The .operations themselves are generally of such 
a nature that in the field, if a certain- part of the work is done with 
extreme accuracy, the remainder may be accomplished by less precise 
Ir?-e~hods. The. fi~s.t class of work is b1l!3t ca~i~d on under the super;. 
v.1sio~ of the d1v1s1ons concerned,• but there is no further _specializa~ 
hon m field work. The field officers of the bureau are competent to 
perform all classes of work, and it is the usual procedure for each 
party to execute all field operations required for chart compilation. 

The bureau has recently engaged in two other activities. One of 
these is airway mapping. In addition to being directly in line with 
our other charting operations, the assignment of this duty to the 
bureau .is simply a case of utilizing trained personnel and a· modern 
map-making plant to turn out additional work with no great increase 
in overhead expenses. The necessity for this work is obvious. 

The other activity is seismology, or earthquake investigation. This 
was delegated to the bureau for the reason that the work required 
is aqmirably adapted, both in the field and office, for prosecut10n in 
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conjun~ti9n with our magnetic surveys and,. like airway mapping, 
can .be carried on with only a moderate increase in operating e,xpenses. 
We are not carrying on this work.alone, but rather are cooperating 
with a number of other agencies by obtaining certain fundamental 
.data required by all. The collective : results can not fail to. ha;ve 
beneficial effects with respect to public safety. 

PROGRESS AND SUFFICIENCY OF SERVICE 

The various classes of operations are discussed below in order to 
picture in a general way the progress of the bureau in accomplish
ing .its duties, to point out the factors that have contributed to that 
progress, and to indicate the extent to which we are meeting the 
demand· for otfr' products. Details concerning- operations in the field 
and office are given in subsequent parts of this report. · 

HYDROGRAPHIC AND TOPOGRAPHIC WORK 

~· Durfog the past ;vear hydrographic and topographic surveying 
~perations were carried on extensively along t11e coasts of the United 
States, in Alaska, and in the Hawaiian and Philippine Islands. The 
greater part of this work was on large projects that were adopted and 
started before the begi!lning of the year. · . 

. An important accomplishment on the Atlantic coast is the com
pletion of surveys in the vicinity of Cape Canaveral, Fla., in con
.nection with a general resurvey of the South Atlantic· coast in 
progress for a number .of years. This section, on account· of exposed 
,location and: the .existence of several off-lying shoals, is one of the 
difficult parts. of the project. An interesting feature of work else
where on.the east coast iS the completion of a wire-drag examination 
of an area off Portsmouth, N. H., to be used for deep-submergence 
tests of submarines. To accomplish this survey it was necessary to 
set the drag to a depth over three times as great as has been used 
heretofore, . which required the development of special apparatus 
a.nd methods of operation. . 

The very satisfactory rate of progress of Pacific coast surveys 
that has been made possible during recent years by the use of 
modern ships equipped with echo-sounding instruments and appa
ratus for. radio-acoustic position finding, as described in the 1928 
report of this bureau, was more than maintained. Each party sur
veyed a greater area than in any previous year. Over 75 per cent 
of tb.e Pacific coast of the United States has now been adequately 
surveyed for present needs. . 
. Operations in southwestern Alaskan waters were greatly facilitated 
by the use, for the first time in .Alaska, of the radio-acoustic method 
'of position finding. As an example of the efficacy of this method may 
be cited the fact that one of our s~ips, workinP; off ?rince 'Yilliam 
Sound, was able to run over 700 miles of sounding Imes durmg one 
week ,of thick weather that would have entirely prevented work 
with methods previously available. Surveys in the Hawaiian and 
Philippine Islands were expedited by the use of echo-sounding in
struments with which all ships ·operating in those waters are 
equipped. 
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Taken altogether the accomplishments in this branch of our work 
during the past year constitute a record, as far as this bureau is 
concerned, for quantity output of high-grade work. 

Research work for the purposes of developing new methods and 
appliances was carried on both in the field and office. Experiments 
were made with a new type of echo-sounding apparatus for use in 
shallow water and a new instrument was devised for increasing the 
accuracy of deep-water measurements by this method. All field 
officers stationed in "\Vashington were given a course of instruction 
in the use of echo-sounding and radio-acoustic apparatus. 

In connection with its Coast Pilot work the bureau compiled a new 
publication containing tables of distances between Uruted States 
ports. This volume lists over 400 ports and points on inland water
ways and is intended to supplement the Coast Pilot series by pro
viding a convenient means for ascertaining navi~able distances be
tween the ports of the United States and its off-lymg Territories. 

Condition of surveys.-During the past decade steady progress 
has been made toward increasing the output of surveying parties 
and reducing the unit cost of work. This has been accomplished 
by the use of modern ships, improvements in methods and apparatus, 
and careful planning of work in order to reduce the cost of starting 
projects and to coordinate the efforts of the various parties,' 
· Since 1916, the last normal pre-war year, the area surveyed per 
year has more than doubled; unit costs have been cut nearly in half. 

These internal improvements have enabled the bureau to meet, 
to a considerable extent but not entirely, a very great increase in 
the demand for new charts and for additional information on existing 
charts. · 

Surveys on the Pacific coast, in general, are keeping pace with 
the need for charts and probably can be completed as rapidly as 
conditions require. A similar situation exists in southeastern Alaska. 
Conditions in western Alaska are not so satisfactory as the demand 
for surveys and new charts exceeds our ability. to provide them. It 
is believed, however, that the situation is not critical and can be cor
.rected within a few years by a reasonable addition to the facilities 
that now exist or have been authorized. · 

In the Hawaiian Islands the bureau is nearly keeping up with 
the need for surveys. and should have the situation well in hand 
in the near future. A considerable amount of work remains to be 
done in the Philippine Archipelago, but the need is not urgent, as we 
are not-behind in supplying the demand for new charts. Porto Rico 
and the American Virgin Islands have been fully surveyed. It ap
pears that no additional work in this region will be required for some 
time except for the purpose of charting any harbor improvements 
that may be made. . · 

As a general rule the nature of the coasts mentioned above is such 
that resurvE;Jys will not be required for many years. The exceptions 
are a number of rivers, bays, and entrance bars that form a very 
small percentage of the total area. · 

On the Atlantic and Gulf coasts the situation is entirely different; 
for here the bureau is far behind in meeting the need for new surveys 
and the adequate charts that result therefrom. · 
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This vast extent of coast line has a. length of about 3,500 miles 
along its general trend and is so broken by bays, indentations, 
points, and off-lying islands that the actual shore line measures about 
18,000 miles. Backing ·a large part of these coasts are important 
inland waterways navigated by thousands of small vessels and motor 
boats. 

Notwithstanding the fact that surveys ha l'e been made at one 
time or another along the entire extent of our eastern seaboard, 
not over one-third of this re~on is adequately surveyed at the pres
ent time. A large proportion of the. inland. waterways requires 
examinations that can not even be considered with present resources. 

There are two principal reasons for this condition; one is the 
great change that has taken place in the requirements of naviga· 
tion. Early surveys were made· to meet the needs of ·light-draft 
sailing vessels that worked their way leisurely into a small nuzn
ber of ports. Nowadays there are scores . of important harbors 
to and into which swift, deep-draft steamers must proceed by the 
shor~t possible routes regardless of conditions of weather and 
visibility. This development has been responsible for a steadily 
increasing demand for surveys in greater detail and for the extension 
seaward of such surveys. . 

The other reason is the fact that by far ·the greater part of 
the eastern seaboard (practically all of the- coast south of New 
York) is subject to constant chti.nge, necessitating resurveys from 
time. to time in order to provide accurate charts. 

Additional, facilities 1'equired.-For many years the facilities of 
:this bureau. on the east coast·have been entirely inadequate to co{>e 
with the conditions outlined above. As a general rule, surveys m 
any one locality have been made at the expense of other regions 
where the need for work, while urgent, was not quite so acute .. 

We now have three ships for this work; all converted yachts 
obtained from the Navy when it disbanded its war-time auxiliary 
fleet. None of. these is entirely suitable for surveying operations 
and only one ~s fit for offshore work in exposed localities. A new 
shi.P now under construction will soon be available partially to 
relieve the situation, but there is urgent .need for two additional 
ships with personnel and operating funds; one for work on the out
side coast .and the other for surveys of inland waterways. 

With a. fleet of this size the charts of the Atlantic and Gulf 
cqasts can, within a reasonable time, be brought up to the excellent 
standard that is being maintained elsewhere. Otherwise the pros· 
pects for any rapid improvement in present conditions are <l;is
couraging. · 

CHA.RT PR()DUCTION 

· The· various office processes involved in chart production begin 
with a careful review and verification of .field sheets and records. 
The data obtained from these and from numerous other sources are 
next correlated and combined in the form of a chart drawing. A 
tabulation made a few . years ago listed· 469 field sheets and records 
of various kinds. that were used in the compilation of a single chart. 

The chart is then engraved on copper or on. glass negatives, trans
ferred to a printing plate, and printed on a high-speed lithographic 
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press. Finally each chart must be ·corrected by hand for changes 
that occur . between dates of printing and issue. During the past 
year over 1,000,000 hand coriiections were required. 

·Ou!' chart-production force has several other duties, including \ 
preparation of the weekly Notice to Mariners in collaboration with 
the Bureau of Lighthouses, the custody of thousands of origina) 
survey sheets, and the preparation and issue of copies of these sheets 

1

, 

The latter activity is growing rapidly. . Because of their marked 
accuracy in comparison with eontemporaneous surveys the earlier 1 

sheets are frequently the only means of obtaining an authentic por- \ 
trayal of condition8 existing at certain times in the past and conse- l 
quently have been found of great value in deciding property lines 
and in solving various engineering problems. 

During the past fiscal year the activities mentioned above have 
been carried on with increasing volume. A larger number of charts 
was distributed than in any other year since the war. Other accom
plishments include an investigation relative to slope correctjons to 
echo soundings and the development of a mechanical method of 
transferring correction work to the printing plate that will result 
in a considerable savin~ of time. . .. · 

Airway mappirig.-lhe program of airway. mapping and progress 
to the end of the fiscal year are shown on the diagram :facing page 41 
of this report. This work is beginning to show a trait common to 
other. branches; of our operations-namely, that· we are confronted 
by a, constantly. growing demand so that our greatest possible prog-
ress falls far short of requirements. . 
. The original program contemplated only the prod:uction of strip 
maps of establ~shed airways. It now appears necessary to extend 
this to include sectional aeronau.tical maps of the United States. 
This necessity arises froJU the fact that about 80 per cent of . the 
present· annual flight mileage is away from the regular airways; 
Work is now in progress on the first of these sectional maps. 

Internal improvenwnts.-In order that the results of surveying 
operations may be published with the least possible delay it is im
portant that the time required for chart construction be reduced to 
the greatest practicable extent. To accomplish this and to meet 
the need for e;xpansion, every effort has been made. in recent years 
to ~evelop .a smooth-~ork~ng and e~cient offic~ organiz!Ltion to handle 
this work. The various improvements that have been made are too 
technical and elaborate to be described here; their efficacy is shown oy the results attained. . . . . . 

Since 1916 our productive capacity has more than doubled; the 
average time to complete each new chart is now less than one-half 
qrnt required in 1920. In this connection a noteworthy record was 
made during the past year by our engraving section. In 1920 the 
average elapsed time requi.red to engrave a new chart on copper was 
over 27 months. During the fiscal year 1929, 12 new charts, more 
than in any recent previous year, were engraved in an· average 
elapsed time. of 4.9 months. The need for greatly increasing the 
issue of charts b,as been met by a complete transition from copper-
P.late printing.to offset lithograHhic printing. . , .· 
. Additional, p_ers~l reqidred.-:-It is obvious that there .is. a very 

close relation between the amount of chart-productfon. work that 
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must be accomplished and· the volume of survey material coming in 
from the field. The present condition of the bureau in this respect is 
shown graphically on the opposite page. 

Special attention is invited to the disparity between the increase in 
surveys received and the increase in our chart force since 1916. 
A considerable part of this discrepancy has been made up by internal 
improvements as mentioned above but it is too large for complete 
compensation in this manner. As a result, unfinished work is, and 
has been for some years, piling up. This condition affects every 
branch of chart ·production. Surveys frequently must wait their 
turn for a longer period than is required to convert them into charts 
once they can be taken up! some projects must be postponed in
definitely; back orders of important charts, indicating the aifference 
between supply and demand, fluctuate but are always present to 
some extent. 
- 'Vith our present force the current program of airway mapping 
will require about 15 years for completion. The immediate needs 
of aerial navigation, and it is unthinkable that they will not increase 
~eatly in the future, indicate that this program should be completed 
m one-quarter of the above time. -

The present situation can be remedied only by an increase in per
sonnel. Seven additional employees are required in the airway 
mapping section. Throughout the other branches of our chart-pro.: 
duction force 14 additional employees are needed. Such an addition 
would provide a force 13 per cent greater than at presentl 54 per 
cent larger than in 1916, and capable of handling expeditiously a 
volume of incoming material over 100 per cent greater than in 1916. 

The need for additional personnel for chart-production work has 
been mentioned in the annual reports of this bureau for several 
years past; it grows more acute every year. It is believed that this 
need, on account of its urgency and moderation, deserves the most 
careful consideration. 

CONTROL SURVEYS 

In order properly to distribute control stations of known latitude 
and longitude throughout the United States, a number of belts or 
nrcs of triangulation must be extended across the country. Some of 
these run north and south, others east and west, and a few in an 
oblique direction, so that they cross each other and form a triangula
tion net covering the entire country. In a similar manner a network 
of level lines provides bench marks of known elevation. In addition 
to -serving the interior, these nets are necessary for the proper tying 
together of charts of the east and west coasts of the continental_ 
United States and of Alaskan waters; also for correlating these 
charts with maps of the interior. 

In providing a triangulation net it eventually becomes necessary 
to adjust it in a single unit in order that unavoidable discrepancies 
where two arcs join may be distributed over the entire system. This 
has been accomplished for the western half of the country. 

-During the past fiscal year the funds available for geodetic work 
were devoted largely to supplying missing arcs that are required for 
the. ~djustment of the net over the eastern United States. Within 
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the limits of our resources excellent ·progress was made in this work 
and several necessar;r arcs or parts thereof were completed. In ad~ 
dition, a triangulat10n arc in California, required for cooperative 
earthquake investigation, was about three-fourths completed. Other 
accomplishments include the completion of a·number of lines of first
order leveling and the maintenance of· the variation of latitude 
!"tation at Ukiah, Calif. · · · 

Notable office operations were the completion of adjustment of the 
triangulation in the Hawaiian Islands and the isostatic reduction for 
49 gravity stations at which observations were made during the cruise 
of the United States submarine S-41. 'The results were furnished to 
Doctor Meinesz, of the Dutch Geodetic Commission, under w~ose 
supervision the observations were made. An extensive investigation 
was 'also ·made £or the purpose of··adjusting the· combined level nets 
of tihe United States and Canada. . · : 

Increase in effioiency.-lnternitl progress in this branch of our work 
during recent years is fully comparable with our advance in other 
lines. Since 1916 annual mileage of triangulation has increased over 
60 per cent; unit costs for this w.ork have been reduc~d to about 45 
per cent of the 1916 figure. This increased efficiency has been made 
possible by 'stabilization of personnel, bettei· transportation: .facilities," 
and improvements in instruments, equipment, and methods. · 

Control. surveys shoUld be ewpedited.-Tfie situation in this country 
with regard to geodetic surveys .is not satisfa~tory. ?-'he hi~h q'!lalitJ 
of the work that has been done and the effici~ncy with which it has 
been executed are reco~nized throughout the civilized world. Un
questionably, however, it is not being carried on toward completion 
at the rate required to meet the need for the data it provides. Only 
43 per cent of the area of the United States is covered by topographic 
maps and of this area probably not over one-half is accur'ately 
mapped because of obsolescence and the more exacting. requirements 
of the map user of to-day. Control surveys are the first step toward 
remedying this condition. · 

A growing realization on the part of the public that this work 
should be accelerated is evidenced by resolutions urging greater pro~· 
ress adopted by such representative engineering and scientific orgam
zations a~ the A~erican Society of qivil Engineers and the Ameri~an 
Geophysical Umon; also by the testnnony of numerous State officials 
and private individuals. 

A pro!Iline~t citizen of on.e of our ~vest.er,n States, in a recent com
inunicat10n, cites the followmg uses m his -State :for control surveys 
and for accurate miips based thereon: Geological investigations, 
compilation of rainfall and snowfall data vitally important to irri
gation and power projects, study of forest conditions, soil surveys, 
highway development, and forest-fire c·ontrol. He deplores the lack 
of adequate control surveys in his State but is frank enough to admit 
that man1 other States ai·e facing the same situation. 

It is difficult to estimate the full value to engineering and indus
trial enterprises of maps based on accurate control. In highway 
construction 11lone, however, i~ is probable that the saving, due tc 
selection of the shortest practicable· routes, that would result from 
the availability of a standard to:pographic m1,1,p would be sufficient 
to pay the entire cost of completmg the map. This is not hard to 
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µij.qerstand, when we consider that a highway of the best type costs 
:from $30,000 tp $40,000 per mile while the cost of a topographic :rp.ap 
is not over $50 'per square mile . 
. . The requirements of th.is. country· for control surveys have been 

studied extensively by the yarious map-making qrganizations of. our 
Government. As a result it is generally agreed that the size of the 
meshes of the triangulation and level nets should be reduced to such 
an extent that no point in the United States will be more than 25 
miles from a control station. With present resources the completion 
of this pro~ram will require from 40 to 50. years. Under existing 
conditions 1t is safe to say that in any 5-year period the economic 
waste due to lack of this control will exceed the total cost of the 
project.. · . 

Undoubtedly the progress of co:qtrol surveys should be expedited 
.· materially by increasing to a reasonable extent the facilities of this 
bureau for carrying on this work bo,th in the field and office. 

~IDE AND CURRENT SURVEYS 

The tidal work of the bureau is well standardized. In general, it 
consists of the maintenance of a number of primary tide stations 
distributed along our coasts to which are referred observations ob
tained at numerous secondary stati.:ms. The· data obtained from all 
of. these are used for the compil';Ltion of tabies of predicted tides, 
published annually in. ad:vanc~ and for other 'purposes. · To meet a 
gradua~ increas.e in the. dema!ld for· tidll~ informati.on it is ne~essary, 
fyom time to time, to establish new primary stations. Durmg the 
past decade this increase has averaged about· one new station per 

yeD~ri11g the past fisc.al year 2~ primary. s~ation~ were niaintai~ed. 
Several of these wer.e operated m cooperation with other orgamza
~ions, this bureau ~ntributing the instruments required and receiv
ing the records w1thout other expense. .Observations .from second
ary stations included a large number of short-period observations 
obtained by the various field parties of the bureau and through the 
cooperation of other organizations. 

· Every tide . station is connect~d with several permanent bench 
markS at a known elevation with respect to such datum planes as 
mean low water and mean sea level. These marks are of great value 
to engineers for many purposes, including investigation of the per
manence. of our coast li!le and 0£ improvements. alon~ .the coasts on 
which many millions pf d~llars ha~e been expended .. There have 
been so many requests for mformation regarding these marks that 
it has been considered desirabfa to publish the data in printed form. 
Publications for six States have been issued and others are being 
Pl'.epai:ed. · · · · . · · 

The current investigations .. of the. bure.au. consist chiefly ·of sys
temat~c and comprehensive· surveys Of harbors and larger inden,ta
tions. Surveys have been completed of New. York, San· Francisco, 
Boston, and Portsmouth Harbors, southeastern Alaska, ·Delaware 
B.n.y, and Chesapeake .. Bay. · The current survey of the. latter bay 
was concluded during the. past fiscal year and work was tl~en started 
in Lo11g Island Sound: · 
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The results of the.se surveys are published in tables 0£ predicted 
currents and in special publications relating to individual localities; 
'l'he instant demand for this information is ample evidence of the 
desirability of extending the work. A recent pub.lication is a v?l.
ume 0£ current charts for New York Harbor. From the best m
formation available it was estimated that the first edition would last 
something over one year. It was sold out in three months. 

Additional, personnel reqwfred.-The present need for this class 
0£ work in the field can be cared for with our present appropriations. 
Office work, however, is falling behind chiefly on account 0£ increased 
work incident to the extension of our current surveys. There· ii? 
need for two or three additional mathematicians in order that the 
results 0£ our field work may be handled without undue delay. 

The nature of tide abd current work, both in the field and office; 
is such that automatic or semiautomatic instruments can be used to 
a considerable extent and work can, therefore, be carried on at a 
very nominal cost. For this reason a small investment for addi
tional personnel will yield large returns. 

TERRESTRIAL MAGNETISM AND SEISMOLOGY 

During the .P.ast fiscal year the five magnetic obs~rvatories 0£ th~ 
bureau were contin,ued .in operation and observations were obtained 
at 96 stations in the field. The latter mclude several points in .th.e 
interior of Alaska never before reached for this purpose. . New 
methods which facilitate observations have been adopted at several 
observatories. Other operations include cooperative observations 
at Duke University, Durham, N. C., and special aurbral observations 
at Sitka, Alaska. , 

Some progress was made<in the office toward the publication of 
results of observations, but this work was limited to a considerable 
extent by insufficient personnel. Special attention was given to the 
maintenance of contact with the many organizations·throughout the 
world which are engaged in magnetic work. Cooperation with the 
Navy Department and the Carnegie Institution of Washington was 
especially satisfactory. . 

Seismological observations· were obtained at Tucson, Ariz., and 
Sitka, Alaska,· throughout the year and at San· Juan, P.R., up to the 
time of the September, 1928, hurricane which damaged the observa
tory buildings to a considerable extent. Cooperative stations were 
lilamtained at the tiniversities ~f qhicago and Hawaii. Noteworthy 
progress was made m the orgamzat10n of volunteer observers for the 
collection of reports on certain effects of earthquakes. 

A feature of the service that is provided in this class of work 
is the early determination of positions of earthquakes through reports 
from observatories and cooperative organizations. This information 
has been found so valuable that, at the request of Great Britain, it 
is now being transmitted to Europe as a part of the meteorological 
messages of the· Weather Bureau. · 

·Additional, iequirements.-In order· properly to carry on both the 
magnetic and .the seismological work in the field a slight increase in 
observatory personnel, several small buildings, and ·a £ew improved 

69651-29--2 
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instruments are required. Our most urgent need, hqwever, is £or 
additional personnel in the office. 

Public service in these fields is measured almost entirely by the in
formation available in published form. Through a determined ef
fort and by neglecting a part of the work, basic needs have been met; 
that is, information has been supplied for chart and airway map pro
duction and data have been furnished to some extent for other pur
poses, such a.s investigation of radio transmission and search for oil 
and minerals. 

On the other hand, there have been serious failures of accom
plishment. There is a demand for magnetic information in con
venient form throughout the United States; this has been prepared 
for only about one-quarter of the country. Long delays in the pub
lication of observatory results are especially serious but are un. 
avoidable. The quarterly seismological report, which is fundamental 
in all earthquake investigations, is several years in arrears. Our 
present office force is engaged in a desperate struggle with this 
accumulation of material . 

While the volume of accumulated material is large, the increase 
in personnel required to remedy the situation is extremely moderate. 
The services of only four additional scientists and one clerk will 
result in a great increase in efficiency and will enal?.le us to issue. a 
great amount of valuable information, the publication of which has 
been delayed for a period ·far too long. 

INSTRUMENTS 

Practically all of the operations of this bureau are of such a 
nature that the quantity and quality of the results attained depend 
to a considerable extent on the availability of adequate, and in many 
cases highly specialized, instrumental equipment. For this reason 
the instrument division of the bureau has always played an important 
part in its work. 

Durin¥ recent years this division has made a remarkable record 
in the aevelopment of new instruments and in improving those 
already in use. Many of these achievements have been mentioned in 
previous reports of the bureau. Among the accomplishments of the 
past fiscal year are the following : · 

1. Development of a portable engine-driven sounding machine for 
use in hydrographic launches. A standard machine of this nature 
has been badly needed for some time and its use undoubtedly will 
further increase the efficiency of our inshore hydrographic work 

2. Redesign of the depth-registering sheaves used with sounding 
machines for deep-sea sounding. The new sheave has a more rugged 
registering device which is easier to read and operate than the old 
register. 

3. Desi~ and construction of a special dividing machine for level 
rods. With this machine rods can be graduated •with a degree of 
accuracy much higher than was formerly possible. Experiments 
indicate that, with rods graduated in this manner, changes can be 
made in the details of first-order leveling operations that will speed 
up the work from 10 to 15 per cent. 



COAST AND GEODETIC SURVEY 15 

An adequate instrument division is ·essential to the work of this 
bureau for both practical and economic reasons. In the first place we 
often require special instruments in limited quantity, the development 
of which by J?rivate firms is exceedingly difficult .. In this respect our 
instrument division has an immense advantage through its close con
tact with our field force which provides an exact lmowledge of the 
purpose :for which the instrument is required, as well as the condi
tions under which it is to be used, and also affords unlimited oppor
tunity for tests in the field until the apparatus is finally perfected~ 

Futhermore, the development by frivate firms of special instru~. 
ments for which the dem.and is smal is usually an extremely costly 
proposition. We have had extensive experience along this line. Our 
records show many cases where the bureau has obtained estimates for 
such work, found them so high as to be far beyond its resources, and 
h~s then constructed the instruments in its own shops. Actual costs 
from 50 to 100 per cent less than those estimated by private .firnis 
have been the general rule; savings much greater are not uncommon. 

In this and in previous reports has been mentioned. the great im
provement in field work due to the development of radio acoustic ' 
position finding. After a bid of $4,000 for one unit of .this. apparatus 
had been received, it was constructed in our shops at a total cost of 
$449.98. . . ' 
.. 'Vhen a number of instruments are required and one has been per
fected and is available as a model1 procurement at reasonable prices 
from private fii'ms is usually practicable. 

Additional instru1rnent makers reqwi?·ed.-The operations of our 
instrument division, as is the case with the majority of our office 
divisions, are hampered by insufficient personnel. Another common 
characteristic is that the increase required is so small in comparison 
with its ultimate value, as indicated above, that an extensive ar~
ment in its favor hardly seems necessary. In order properly to mam
~ain and r~pair our stock of instruments and to develo~ .a number of 
improved mstruments that are badly needed, five addit10nal instru
ment makers and mechanics are required. 

CHANGE IN HEADQUARTERS OF THE BUREAU 

The prospective use, for the construction of an office building for 
the Ho~se of Rep.resentatives, of the site formerly occupied by the 
Coast and Geodeti~ Survey at 205 New Jersey A venue SE., necessi
tated a change in the bureau's Washington headquarters during the 
pa~t f?.scal year. For this purpose, pending the completion of the new 
bmldu:~g . for the D.epartment of Commerce, the Pub.lie Buildings 
Commiss10n authorized the rental of the 7-story building at 119 
D Street NE. 

The moving of the bureau was completed during the early part of 
June, 1929. Our work was necessarily retarded to a considerable 
extent, b:ut the ground lost is gradually bein~ i:egaine~. The hearty 
co?perat10n ~f the e1!1ploJ:ees of ~he bureau .m mcreasmg production 
prior t~ movmg, their assistan~e m the movmg operations, and their 
zeal.ous efforts toward resumpt10n of work, are worthy of the highest 
praise. · 



16 REPORT TO THE SECRETARY OF COMMERCE 

NlilEDS OF THE ·BUREAU 

The remarkable industrial and commercial growth of thi!:. country 
since the World 'Var has been responsible :for a great increase in the 
demand for all of the various services rendered by this bureau. To 
meet such an increase only two methods are available; first, to secure 
a greater return on every dollar expended, by rigid econom:y and by 
intensive effort toward greater output through internal improve
ments; second, to .utilize additional facilities obtained by means of 
increased appropriations. . · . 

Application. of the first method to the fullest possible extent before 
resorting to the . second is dictated not only by the necessity :for 

·national eGonomy but also by the first principles of good business 
management. . . 

The extent to which the bureau has used the first method has been 
recorded in the preceding paragraphs. The ~act that the results 
nieri.tioned have been obtained without assistance in the :form of 
larger appropriations may require a word of explanation .. It is true 

. that the approJ?riations for this· service are greater than they were a 
few years ago, m 1923, :for example. The increase, however, has been 
solely for the purpose of providing additional compensation :for em
ployees in accordance with general legislation affecting large groups 
throughout the Government service of which our personnel is an 
exceedingly small .Part. Exduding this item, the funds provided :for 
the annual operatmg expenses of this bureau ha.ve decreased $55,000 
sin<;e· 1923. . 

The foregoing ·statement also indicates the extent to which thci 
bureau 'is behind in its work and the increase in facilities required 
to remedy this sit.uation. There is little likelihood that the work 
in arrears can be made up through further increase in efficiency. 
Internal progress undoubtedly will continue but necessarily at a 
diminished rate not sufficient to keep up with a constantly growing 
demand. In this connection it should be borne in mind that a large 
part of our progress in recent years is due to radical improvements 
that practically have revolutionized methods and apparatus in use 
with only minor changes for a century or more. They are not an 
everyday occurrence. 

For several years this bureau has devoted unremitting effort to
ward the reorganization and modernization of its functions. The 
results have enabled it to meet a very large part of the additional 
demand for its products. I believe that the improvements of the last 
decade constitute a record in which any organization might take 
pride. At any rate it is one on which this bureau is willing to 
stand squarely in an appeal for the increase in facilities that is now 
required to enable us completely to accomplish our duties. 

I feel that our request for additional resources is especially reason
able in that a large· increase in appropriations is not required. A 
little help properly distributed throughout the various branches of 
our .work will enable us to catch up and keep abreast of our national 
pro~ess instead of struggling along and :falling constantly further 
behind. The largest item is the need for new ships on the Atlantic 
coast. This expenditure, however, would be distributed througl~ 
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several years and the cost of the ships is small when spread through 
the years of their usefulness. . 

Undoubtedly our most imperative requirement is for additions to 
our office force to enable it to handle accumulated and incoming 
material. By all means Jet us put a roof on our· house before we 
build an addition. In so doing, however, it is my earnest hope that 
the urgent needs of the bureau along other lines will not be over
looked. 

Taken altogether, the additional facilities that we require are 
moderate. The cost will be small with relation to the total appro
priations of the bureau; insignificant when compiired with the value 
of the results to a large part of our population. 



Part II.-IN THE FmLD 

HYDROGRAl'HIC AND TOPOGRAPHIC WORK 

During the fiscal year 1929 hydrographic, topographic, and con
trol surveys were made on various sections of the Atlantic and Pa
cific coasts, along the Alaska coast, in the Hawaiian Islands, and in 
the Philippines. To J?erform these surveys, which comprised 38 
separate projects, 25 different survey units were employed. 

A summary of the surveys accomplished or in progress at the close 
of the year is given below: 

Atlantic co.ast.-At the beginning of the fiscal year the suney 
ship Lydonia was engaged on a resurvey of the southern part of the 
coast of Maine. New surveys were carried northward from Ports
mouth, N. H., to Portland, Me. A wire-drag party completed the 
sweeping of a trial course for deep submergency tests of subma
rines in the vicinity of Portsmouth, N. H. A resurvey of Gloucester 
Harbor and the Annisquam River, Mass., was completed. Revision 
suryeys were made at Newburyport and Hampton, Mass., and at 
Edgartown, Oak Bluffs, Gardiners Bay, and Jamaica Bay, N. Y. 
Revision of the Potomac River triangulation was completed. The 
~urvey ships Ranger and Natoma made new surveys in the entrance 
of the Delaware River and in the vicinity of Five-Fathom Bank. 
An original survey of the Cooper River from Charleston, S. C., to 
the Seaboard Air Line bridge was completed. On the Florida coast 
topographic, hydrographic, and control surveys were carried south
ward from the vicinity of Ponce de Leon Inlet to Cape Canaveral 
by the party on the survey ship Dljdonia. The ships Ranger and 
Natorna completed similar surveys from Jupiter Inlet south.ward to 
Hillsboro Lighthouse, and in addition the party on the Natoma de
veloped the shoals off Cape Canaveral. Control surveys for the re
duction of air photographs were made along the Florida coast in 
connection with other operations. Examinat10ns were made by the 
party on the Ranqer of several reported shoals between Hillsboro 
Lighthouse and Miami, and revised the triangulation in a _portion of 
Biscayne Bay. On the west coast of Florida surveys of San Carlos 
Bay and the Caloosahatchee River were completed by the party on 
the survey shlp Hydrogm:plter. This party also completed the tri
angulation and traverse necessary to control the air photographs 
between San Carlos Bay and Cape Sable. A revision survey of 
Mobile, Ala., water front was made. 

Pacifi<J coast.-On the Washington coast a shore party had started 
control and topographic surveys preparatory to taking up hydro-

18 
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graphic work between Cape Elizabeth and Cape Flattery. Chart 
revision work was done in the vicinity 0£ Seattle. 

On the Oregon coast the survey ship Pioneer completed the proj
ect on which it had started during the latter part 0£ the previous 
fiscal year, namely, a complete topographic and hydrographic survey 
0£ the coast :from Cape Foulweather to Cape Arago. This work ex
tended . approximately 60 miles offshore. Inshore work was done 
by the launch party :from Cape Blanco southward to Cape Sebastian. 

On the Califorrna coast the survey ship ,Discoverer completed the 
project it had started during the latter part 0£ the previous fiscal 
year, r;amely, a complete topographic and hydrographic survey 0£ 
the coast :from Cape Sebastian· southward to Crescent City. The 
offshore hydrography was carried southward to Redding Rock and 
exten<led approximately 60 miles offshore. During the latter part 
0£ the fiscal year this party started on a similar pro~ect which ex
tended southward :from Cape Mendocino to Point lieyes. At the 
end 0£ the year the work had been carried to the vicinity 0£ Point 
Arena. A launch party engaged on inshore hydrogra.Phic and 
topographic surveys had completed work from Crescent City south
ward to Mussel Point. Near the end 0£ the fiscal year the survey 
vessel Pioneer started on a new project which extends from Point 
Reyes to Point Sur. Considerable revision work was done in San 
Francisco and vicinity. 

Alaslca.-In southwest Alaska the party on the survey ship Swr
veyo-r completed a large offshore area southwest of Montague Island. 
This work extended off shore to Portlock Bank. Surveys were also 
made by this party in the approaches to Ressurrection Bay and in 
Harris and Two Arm Bays. A survey made in Sitkalidak Strait, 
Kodiak Island, by a subparty 0£ the Swrveyor disclosed a passage 
which shortens the steamer track 0£ vessels approaching Port 
Hobron :from the westward by approximately 40 miles. At the end 
of the fiscal year the party on the Su1'Ve'J/OT had taken up work .on 
the north and west coast of Kodiak Island and was engaged on 
surveys in Shelikof Strait and in Uganik, Uyak, Zachar, and Alitak 
Bays. While working at this project the party drarrged the area 
where the steamer Aleutia;n was wrecked and disproved' the existence 
0£ an uncharted rock in that locality. 

H avJaiia;n I slands.-At the end of the fiscal year the survey ship 
Guide had practically completed the survey of the inlets, shoals, 
banks, and adjacent waters which extend westward :from Niihau 
Island to French Frigate Shoals. During the winter season this 
vessel ~·urveyed a large area west and northwest of the island of 
Hawaii and made detailed surveys of the landings at Honokaa and 
Kukuihaele on the north coast 0£ the island. A revision survey of 
Kahului Harbor .on the north coast of Maui Island was also made 
by this party. 

Pliilippines.-The survey ships Pathfindtrr, Fathomer, and Marin
duque were employed. throughout the year on surveys in Balintang 
Channel,· Lyzon Strait; on the east coust of Luzon, in the vicinity 
of Casiguran Sound; in the Sulu Archipelago, in the vicinity of 
1:awi Tawi Island; and on the south coast 0£ :J\:finda.nao, in the 
vicinity of Davao and Dumanquilis Bay. 
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HydrograplvV, topography, and triangulation. (seoona and third, ord.er) performed 
during year 

Locality 

Hydrography Topography 

. Length Area 
Ml}ca Area In Number or shore v~1;°;d 
so~d- square or sound- line In 
Ing lines miles lngs surveyed square 

In miles miles 

Trlarurnlatlon (second 
and third order) 

Area Number 
Length or covered or geo-
scheme In graphic 
In miles square ·positions 

miles ~:d 
----------- ---------------------------

IO Coast orMa1n·e--.--~--------- 1>616. 461 33,344 ---------- --------
g/~~1l!1r0~8r~~;-M:M&:::_: W lit WD 2g ""i2;oo2- --------6- --·-·24· ----··--7- -----i2- --------3i 

317 32 

Newburyport, Marthas Vine- · 

ll"~.~~~d i".1"~1~~~-~~=~- 492 31 23, 874 38 6 66 168 31 
1amalca Bay, N. y ___________ Ll9 13 6, 663 74 16 -------i

0
- -----

20
- ---------5 

g!raw1:ii:Yn!;·.~_::::::::·:~::: ~: ~ ~ ~ m -------~~- -----~~- ------·--- -------- ----------
Potomac Rlvor, Md. and Va..------·-------------------·-·-------·----- 46 108 100 
Cape Lookout, N. c__________ 188 11 1, 618 7 ------

12
.- ·- ·-·--

2
-
6
-- -----

2
--
1
- --------;

9
-

Cooper River, s, C----------- 300 7 16, 178 00 u 
Cape Canaveral, Fla__________ 3, 989 2, 624 52, 006 65 27 161 32 
West Prum Beach and Capo .Canaveral, Fiii __________ . ___ _ 1, 262 

1,398 
1, 156 

144 
216 
41 

Lake Worth to Illllsboro, Fla. 
Cape Sable to San Carlos Bay. 
West coast Florida (air photo 
·reduction)_, ________________ ---------------------·---

La 1olla, Cam________________ 114 7 2, 261 
San Francisco Bay, Cam______ 16 1 1, 506 
Point Reyes, caur____________ 202 26 a, 226 
Shelter Cove to Point Arona, 

Uallf ____________ ·----------- 2, 807 4, 133 
Crescent City to Mussel 

c?~~~;,ga':Nfim- -tii-Tillitii&ci-
neaa, Calif. and Oreg_______ 6, 837 5, 600 

307 42 

16, 6841 
6, 200 

64, 074 

150 
9 

44 
7 

74 

52 

114 

39 
45 
40 

6 
60 

150 

25 
28 
74 

773 ---------- -------- ----------
2~ -------20- -----20- ---------9 
3 36 86 39 

21 14 18 18 

72 ---------- -------- ----------

83 ---------- -------- ----------
Qoquille River to Cape Bebas
o!:·j>~~weatiier"i()"(fape- 598 94 9, 738 68 66 ---------- -------- ----------

t~i~:i~g_~k8#~i~i;ii=1--~:~:~- --~-~~- --~:~~- _______ :~- -----~~- --·----78" """"i3<i" --------68 
Narrows, Alaska____________ 738 17 51, 691 48 17 30 28 · 87 
~0}:1leh~~kaand- .P&ii- -------- -------- --------- __________ -------- 26 75 17 

Strait, Alaska.--------:----- wJ~ wJ~i J'.J~1 uo. 130 68 6i5 21 
Southwest Alaska __________ .__ 6, 857 3, 552 42, 196 ------239· ----2i2- ------ 88" ----434· ---- ···m 
Hawaiian Islands _____________ 15, 755 33, 795 85, 340 36 4 ---------- 260 44 
North or ·Luzon and Mlnda-
:E!1s'feo~Luzonand-MinCia:· e. 026 7, 6.55 34, 0991 108 135 ou 1, 406 16 

n!IO, P. L------------------- 5, 411 3, 233 44, 713 104 116 77 1, 000 6 
Stllu and Mindanao, P.L____ 6, 830 403 143, 385 160 76 27 76 17 -------------------------

TotaL-------------C--- 74, 481 67, 227 846, 6171 1, 726 1, 862 878 6, 165 891 
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GEODETIC WORK :;,_ 

Le~rh Area 
scbe~~ 

coverQd 

---
' Sq.ml. Trl~Iatlon, llrst--0rder: Ml lea 

· . aloe, ·Augusta to lnterna· 
tlonal boundnrJ'- ----------- 80 2, 700 

Pennsylvania an Ohio, Pitts-
'l, 100' burgh aro·----------------·- 85 

Ohio, Columbus aro •.•••••••• 22ll 2, 500 
Kentucky, Owingsville to Vlr-

glnla-Tennessee boundary •• 12() 2, 850 
Kentucky, Bardstown to 

. Berea ••• -------------------· 64 1,000· 
Kentucky, Owingsville to 

Portsmouth, Ohlo ••.. c ••••• 50 600 
Iowa, Missouri, and Arkan· 

sas, ninety-third· meridian 
aro ••• __ . -- . __ - -- •.. --- • ___ • 420 5,400 

Missouri, Springfield to Van 
Buren ••••• __ ---- ___________ 95 1,600 

California N cw port Beach to Bear Lake _________ _;_, ______ 60 1, 100 

Total.----------------------1, 200 18, 850 
·t=-= 

Tri angulatlon, second-order: Cali-
fornia, Redding to Humboldt 
Bay.-----------·-·---------·--- 8li 2, 400 

~= 
,Base line, 1lrst--0rder: Ohio, Burg-

5.8 ··------- .h/IJ. ___________________________ _ 

:neconnalssance, 1lrst--0rder tr!- i===f=== 
angulatlon: 

New York and Pennsylvania, 
· Buffalo, N. Y., to Canton, 

Pa ••• ----- --- -- -•••• ---- •••• 
Kentucky, Berea to Ports-mouth, Ohio ___________ , __ _ 
Arkansas, Danvllle to Mis-
. sour! boundary ____________ _ 
Missouri, S prlngfteld to 

Charleston._-------·------
Arkansas, Louisiana and 

Texas, ninety-fourth me
ridian aro ••• ~------~-------

Loulslana, Mississippi, and. 
·Alabama, Shreveport to 
union base •.• ·--------------

GeorglaandAlabama,Atlanta 
to Montgomery ___________ _ 

150 1,200 

110 1,600 

120 1,800 

100 2, 700 

810 a,ooo 

390 4,100 

200 2,200 

Le~,.tb . Ar~ 
scheme covered 

1---------------
Reconnahisanoe-t flrst-<>rder tr!- Mlle&. Sg.1'al. 

· angulatlon-vontluued ' · · 
Missouri, Kentucky, Arkan· 

sas and Tennessee; Cairo 
to Memphis •.•••••• ·-------- H6 1,000 

Arkansas, MlsslsslpI?l1 and 
Louisiana, MempDlll to 

-. Natchez.----------·-------- 270. 1, 700 
· '. Mississippi· and Louisiana, 

Natchez to New Orleans... 180 I, 800 
California, Newport Beach to 

Lucerne Valley............. 00 1,600 

Total.. ••.••••••••• ·~-------- 2, 155 22,800 
--:--= 

Leveling, first-order: :. 
Montrose, Colo., to Farming-

ton, N. Mox................ 148 
Farmington to Sblprock, N. Mex __________________ ;_____ . 30 

Alexandria, Va............... . 3 
Tucumcari to Taylor Springs, 

N. Mex____________________ 103 
Greenup to Jackson, Ky______ 128 
Somerset to .Glasgow Junc-

tion, KY-------------------- 102 
Monett, Mo., to M~mphls, 

lo0!~22~~~~-~:!~~~-~-~~~=- 322 "~------
Covington to Richmond, Va. 21i7 
Balcony Falls to Harpers 

Ferry, W. Va............... 186 
Washington, D. C............ 1 
Taylor Springs, N. Mox_.1 to 

Pueblo, Colo. (part of une). _l_i_ ::=J.::: 

'Total. •••.••••••••• " ________ 1, 290. 3 --·-.---· 

Summary: 
F~st--0rder trlangulat101:i----·· 1, 200 
Second-<>rder triangulation ..• · 86 
Flrst-<>rder base lln.o.......... 6. s· 

·= 

18, 8liO 
2,400 

Flrst--0rder triangulation, re· 
connalssance •• ~------·····-- 2, 155 · 221800 

I Flrst--0rder leveling .••••.•• -------· I, 200. 3

1 

· :For several years the funds available for geodetic work have been 
devoted largely to the extension of the first-ordei·· triangulation.net 
of the ,country .. This has been done with a view to supplying those 
missing arcs that are needed ·in the. adjustment of the net in order 
that. final or standard geographic positions· can be furnished those 
desiring the data. The time comes in the conduct of the geodetic 
work of a nation when the network of arcs of triangulation must be 
adjusted in a single unit and those unavoidable discrepancies where 
two arcs j_oin must be distri_buted over the net according to the best 
mathematical methods. This has already been accomplished for· the 
western half of this country. The eastern border of that net is,an 
arc of triangulation which extends from Canada to Mexico, approxi
inately along the ninety-eighth meridian. During the fiscal years 
1930 and 1931, even if no increase in appropriations for the·geodetic 
work is made, additional arcs for the eastern half of the country 
will be executed. · 



22 REPORT TO THE SEORETARY OF COMMERCE 

Triangulation during the past fiscal year· has been extended from 
central Iowa along approximately the ninety-third meridian south 
to central Arkansas, with a spur line from that arc running eastward 
for 100 miles from Springfield, Mo. That arc of triangulation which 
extends from the vicinity of Martinsburg; W. Va., northward via 
Pittsburgh, Pa., to the Lake Survey triangulation in northeastern 
Ohio was completed. Part of that arc was executed in the previous 
fiscal year. An arc of triangulation was begun in the vicinity of 
Sandusky, Ohio, and carried southward to a point about 60 miles 
north of Portsmouth, Ohio, during the first half of the fiscal year. 
Lat.e in the fiscal year this work was resumed and it- is expected that 
it will be completed very early.in July, 1929. An arc of triangulation 
was begun in the summer of 1928 in Maine and was completed in 
June, 1929. The work had to be discontinued in the fall of 1928 
because of unfavorable atmospheric conditions. 

An arc of triangulation for the study of earth movements in Cali
fornia was begun during the early part of the fiscal year in southern 
California. This arc will run between Newport Beach and Lucerne 
Valley. About three-fourths of that arc were completed during the 
fiscal year. The remainder will be executed in the early part of the 
fiscal year 1930. The location of the arc was decided on by officials 
of this bureau in consultation with members of the committee on 
seismology of the Carnegie Institution of 'Vashington. By execut
ing arcs of triangulation over regions subject to earthquakes in the 
past, and the location of many triangulation stations which are well 
monumented, one is able by making new observations in the :future 
to determine whether the ground has undergone strain in horizontal 
direction and its extent. If an earthquake should occur in this 
region, the reobservation of the angles of triangles would enable 
one to determine the amount of movement at different places and 
to determine the distance from the actual fault resulting :from the 
earthquake that movement has occurred. This work, which is con
sidered to be of prime importance for the study of earthquakes, is in 
its infancy, and it is believed that exact knowledge of the behavior of 
an earthquake may have a large influence on the practical affairs of 
our people. 

First-order levels were run between Republic, in western Missouri, 
along the St. Louis-San Francisco Railway to Memphis, Tenn. A 
line was run from Montrosi:.i_ Colo., to Farmington, N. Mex., and an
other from Tucumcari to Taylor Springs, N. Mex. Two lines of 
first-order leveling aggregating 230 miles were run in Kentucky. In 
Virginia levels were run from Covington to Richmond along the 
Chesapeake & Ohio Railroad and from Glasgow Junction to Harpers 
Ferry along the Norfolk & Western, Baltimore & Ohio, and the 
Southern Railways. 'l'he latter work was executed at the request 
of the United States Geological Survey which furnished the funds 
for the field expenses. 

A party of the Coast and Geodetic Survey was engaged during 
the first five months of the fiscal year in determining astronomic 
longitudes and latitudes· and occasionally azimuths at triangulation 
stations in Iowa, Minnesota, Wisconsin, and Illinois. The astronomic 
data secured are essential to the adjustment of the triangulation of 
the eastern half of the country. 
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The variation of latitude station at Ukiah, Calif., has been kept 
in operation during the fiscal year and the record of observations 
furnished to Prof. H. Kimura, president of the International Com
mission on the Variation of Latitude. The Ukiah work was done 
in cooperation with the Governments of Japan and Italy and· with 
o.fficials of th~ International. Astro~o~ical Union and the' Iterna-
tional Geodetic and Geophysical U rnon. · 

MAGNETIC AND SEISMOLOGICAL WORK 

Magnetic stations occupied during the (t..~cal year ended June 30, J.929 

Alabama________________________ 2 Ohio____________________________ 8 
Alaskn__________________________ 14 Pennsylvania ___________ :________ 3 
l!'!oridu ------------------------- 5 South Carollnn__________________ 5 
Georgia------------------------- 14 South Dakota ____________ _; ______ . 1 
Indiana------------------------- 2 Tennessee----------------------- · 3 
Kansas-------------------------- 3 Texn&-----------------~-~------- 8 
Kentucky----------------------- 4 Virginia--~---------------------- 10 
Louisiana ----------------------- 2 '\Yest Virglnin___________________ 8 
MissisE·ippi ---------------------- 3 
Nebraska________________________ 5 Total--------------------- D6 
North Carolina__________________ 1 

As shown in the table the principal magnetic work has been in 
the section of the country lying eastward of a line from southern 
Texas to western Pennsylvania, an area in the northwest, and in the 
interior of Alaska. In the latter survey observations were made at 
points never hitherto reached for this purpose. 

Continuous recording of the magnetic elements was in progress 
at five magnetic observatories. The hurricane destroyed several 
buildings at San Juan, P. R., but fortunately not those containing 
the essential magnetic instruments, and these have been kept in oper
ation. New methods which facilitate observations have been put in 
effect at a number of observatories. Cooperative n;i.agnetic observa
tions were carried on at Duke University, Durham, N. C. Special 
auroral observations were made at Sitka. 

Seismol,ogy.-InstrumentaI observations have been made at Tucson, 
Sitka, at the cooperative stations at the University of Hawaii and 
the University of Chicago, and at the San Juan Observatory up to 
the time of the hurricane. No observations have been made in Porto 
Rico since that time. Several new seismographs have been tested at 
Cheltenham, which is used primarily for this purpose. 
· The collection of reports on the visible and felt effects of earth

quakes as made by volunteer observers is becoming better organized. 
The inspector in charge of the field station at San Francisco has 
done important work in organizing the collection of reports in the 
Pacific coast region. 

TIDE AND CURRENT WORK 

In addition to numerous short series of tide observations along 
the coasts of the United States and p6ssessions in connection with 
hydrographic surveys, tide observations were continued at primary 
tide stations of the bureau for the purposes of furnishing general 
tidal control for hydrographic surveys in the various regions repre
sented and for the determination of tidal datum planes. 
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. . Primary ti<k stations 

Portland, :M~. . 
Portsmouth, N.·H. (cooperative). 
Boston; Mass. 
Fort Hamilton, N. Y. 
New. .York, N. Y. 
Atla'ntic City, N. J. 
Philadelphia, Pa. 
Annapolis, Md. (cooperative). 
Baltimore, Md. 
Hampton Roads, Va. (cooperative). 
Charleston, S. 0. 
Mayport, Fla. (cooperative). 
Daytona Beach, Fla. 
Key West, Fla. 

Pensacola, Fla. 
Gal veSton, . Tex. 
Sari 'Dlegd, Caiif. -(cooperative). 
La Jolla, Calif. 
Los .Angeles, Calif. (cooperative). 
San Francisco, Calif. · 
Astoria,· Oreg. 
Seattle, Wash. 
Valdez, Alaska. 
Ketchikan, Alaska. 
Seward, .Alaska. 
Honolulu, Hawaii (cooperative). 
Hilo, Hawaii (cooperative). 

Within the :past few years· considerable saving has been made in 
the appropriation for tides and currents in establishing primary tide 
stations in cooperation with other· organizations having personnel 
in the immediate localities in which the tide observations are de
sired. Of the 27 primary tide stations 8 are cooperative, or more 
th'an 25 per cent of all. These cooperative tide stations are main
tained and operated at practically no additional cost to the Govern
ment, and the records are forwarded to this bureau for our permanent 
files. 

Tide ooservatioris, secondcery stations.-In addition to the primary 
tide stations, short series of tides are .observed by hydrograJ?hic 
parties either with standard or with fortable tide gages. Tides 
were observed at 67 stations, with a tota of 17 years and 7.9 months. 

Staff ooservations.-In addition to the primary and secondary 
otations, tides were observed on plain tide staffs, for hydrographic 
}?Ur.poses, and were ~ecorde~ in books. Tides were observed on plain 
staff gages at 41 stat10ns, with a total of 4 years and 0.3 months. · 
. ·.Tide ooservatWns, outside sources.-Tide records were received 
from sources outside this bureau from 28 tide stations, totaling. 17 
years and 9.2 months of records. These records are in addition to 
the cooperative primary tide stations. 

Summary of tide records reooitved 

Stations Years Months 

Eastern coast............................................................. 80 18 6. 9 
· Gulf of Maxlco coast...................................................... 10 4 4. 3 

Pacific coast. ......•......... ~---········································· 20 10 6. 8 
Alaskan COBBt.-.......................................................... 16 3 10. 6 
Outlying territory •.•••••••••••••••••••••••••••••••••• ·••••••••••••••••••.. 18 M 11. 9 

~~~l·~~-:-~~-

Total............................................................... 162 92 I . 2. 4 

Ourrent ooservations.-Short series of currents were observed as 
listed below : 

Summary Of· current observati<ms 

Stations Year Months 

Short series ••••••••• , ••••.•••••••••••••••••••••• : •••••••••••• ' ••.•••••••••• 186 9.8 
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In continuing the program of tide and current . suryeys of im
portant: harbors; Chesapeake Bay·· and .tributaries . were. ,completed 
during the fiscal year. Because .of the -wide :extent 'of :the waterways 
comprising this s;yste1ri' two .field seasons were necessai~y, ·the upper 
part of the bay bemgsurveyed•in the fiscal.year 1928 and.the lower in 
1929. During the ·past fiscal year 106 current stations and· 23: tide 
stations were obser·ved during this survey. The results have been 
tabulated and reduced and the manuscrir.t for a publication on· tides 
and currents .in Chesapeake Bay and tributaries· is nearing comple
tion and will be sent to the printer early in the present fiscal year. 
In the last month of the fiscal l.ear 1.929 ·a tide. and. curr~nt s:urvey 
of . Long Island Sound and tr1butair1es · was· begum• This will ' be 
completed during• the fiscal year 1930. ··· ' · • · · •· · ·: · · 

At Fort Hamilton1 : N. Y., the tide station which had be.en in 
operation for about a year and a• half wa~ discontinued on December 
31z..,1928, the series derived furnishing the observation required.·. · 

The tide station at Valdez, Alaska, which was in op'eration for 
several years, was discontinued October 4, 1928, the observati<,>ns ob
tained being sufficient for the purpose for which this station was es• 
tablished. ·• ' · . · · · •· 

A portable automatfo tide gage has been loaned to' the' Florida 
Railroad & Navigation Corporation for the purpose of securing a 
series of tidal observations on the west coast of Florida, the records 
to become the /roperty of the Coast and Geodetic Survey. This 
gage is operate at no cost to the survey. 

Through a cooperative arrangement between this survey and the 
Chamber of Commerce of Cordova, Alaska, a series of tide observa
tions is being obtained at that place. 

At the request of the city of Fort Lauderdale, Fla., a portable 
automatic tide gage has been established at that place to be operated 
for a period of about a year. 

In order to furnish data in connection with a lawsuit to which 
the Government is a party, two fortable automatic tide gages were 
maintained during the month o February in the vicinity of Ben
nings Bridge, D. C., in cooperation with the United States Army 
Engineers. Members of the division were called upon to testify in 
court as expert witnesses in connection with this case. 

In addition to the tide records, temperature and density observa
tions-frequently requested by operators of cold-sto11age J;>lants, by 
fishing concerns, and by investigators of the ravages of pile-boring 
i~were made at all primary tide stations at no rncrease of 
cost to the Government. Short series of these observations were also 
:made at all current stations occupied in the current survey of Chesa-
Peake Bay and tributaries. · . 

The following cooperation was given the Coast and Geodetic 
Survey in tidal work during the year : 

The primary tide station at Annapolis, Md., which is operated 
cooperatively by this bureau and the Naval Academy was put into 
operation on August 7, 1928. Aside from serving as a primary 
tide station, it is also to be used for the purpose of instructing 
the midshipmen in tidal work. 
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The Navy cooperated in the operation of tide stations at the 
Portsmouth (N. H.)' Navy Yard, San Diego, Calif., and at the 
naval operating base, Hampton Roads, Va. . 

The chief hydrographer, Canal Zone, furnished tide observations 
for the full year at two tide stations in the Canal Zone. 

The city of Los Angeles and the Territory of Hawaii are co
operating in the maintenance and operation of tide stations at Los 
Angeles, Hilo, and Honolulll, respectively. 

Capt. G. St. Maur Stocker, Swatow, China, is furnishing the 
records from a series of tide observations being obtained at the 
entrance to Swatow Harbor. 

During the fiscal year the following primary tide stations were 
visited and levels run between tide staffs and bench marks: 
Portland, Me. 
Portsmouth, N. H. 
New York, N. Y. 
Baltimore, Md. 
Annapolis, Md. 
Charleston, S. C. 
Muyport, Fla. 
Jacksonville, Fla. 
Dl\ytoµa ne11ch, .Flu. 

Key West, Fla. 
Everglades, Fla. 
Astoria, Oreg. 
Seattle, Wash. 
Ketchikan, Alaska. 
Cordova, Alaska. 
Valdez,: Alaska. 
Seward, Alaska. 
Hwiolulu, .Hawaii. 
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Pa;rt III.-THE WASHINGTON OFFICE 

The organization of the Washington office of the bureau is pre
sented by the organization chart opposite. The accomplishments 
during the fiscal year by divisions and sections follow. 

CHIEF CLERK 

The principal duties of this division are the care, custody, and 
upkeep of the building occupied by the bureau; the supervision of 
the expenditures for office expenses, including the purcfiase of sup
plies for the office and to some extent for the field; the care of most 
of the original records of the field surveys, as well as the library 
of printed publications; the general supervision of all matters re
lating to the personnel work, rncluding reports of leaves of absence; 
the custody and accounting for the receipts from the sale of charts: 
publication, ere. ; and the direction of the employees engaged in the 
care, maintenance and protection of the buildings occupied by the 
bureau in the District of Columbia. · 

In the library and archieves 109 hydrographic and 87 topographic 
sheets, each representing new surveys made by the bureau, were 
received. Other additions were blue prints (mostly showing surveys 
made by Army Engineers), 616; maps, 3,253; charts, 2,346; field, 
office, and observatory records, 3,913; photographs and negatives, 
171; prints, 400; lantern slides, 156; books, 467. 

The total number of permanent and temporary employees in the 
office and field forces, which includes commissioned officers and all 
employees appointed through civil-service certification, is: Offi~e 
force, 221; field force, 199; total, 420. These figures do not include 
the persons engaged as rodmen, chainmen, heliotropers, and others.in 
the field parties nor any enlisted men on vessels. 

The statistics in regard to leave of absence during the calendb.X: 
year are: Annual leave, 7,459 days; sick leave, 1,829 days; wit}lOlit-' 
puy leave, 285 days; accrued leave, 3,264 days. · While the nuipber pf 
employees naturally varied on account of resignations and ·vacancies, 
calculated on the number actually in the service on ,June 30, 1929; 
as a basis of computation, the average annual leave taken during 
the year by each employe{}. was approximately 17.37 days .and, sick 
leave 4.35 days. · . . 

The receipts from the sale of charts and nautical publications'pre~ 
pared by the bureau amounted to $65,545.42. · The funds 'realize<! 
from the sale of 'old property, work done, and miscellaneous sources 
amounted to $4,707.63. · · · ·· ' · , 

. DIVISION OF HYDROGRAPHY AND TOPOGRAPHY · '" 

The work performed by the administrative and other officers, of 
this division stationed at the Washington office is quite diversified. 
It consists of the preparation of plans and instructions for fi~ld sµr~ 
veys, the supervision of field work, and the exam:iriation of ,the'records 

.. , 21 . 
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of field parties. These officers prepare plans and specifications for 
new vessels and for hydrographic surveying equipment. They also 
supervise repairs and upkeep of the vessels. Research work is car
ried. on in connect.ion with. new s_µrveyip.g m,ethods and appliances. 
Durmg the past year experiments were made on a new. tYJ?e of echo
sounding apparatus for use in shallow .water and a new mstrument 
was· devised for getti:i;i.g more accurate measurement of deep water by 
ineans of echo sounding. A course ofinstrµction was crifried out in 
ihe division for the education of field officers in· the use of echo
sounding apparatus and sound ;ranging.. All field officers stationed 
in Washington took this course of instruction. 

1'he preparation of manuscript for· coast pilots and· inside route 
pilots :was perfor~ed by, the coast· pilot ·section. of the division from 
mfor.rpation obt~in.ed by !LU officer of the. division who made a:. thor~ 
ough field inspeet~on of .the area covered by the coast pilot. This 
section compiled during the year a publication. contttin,ing .tables 
for ascer~aining navigable distapces between the pol'.ts of the United 
States ports to a number. of foreign pqrts. This publication lists 
over 400 ports an,d. points on inland w:aterways and is. intended to 
supplement the series of coast pilots .by.providing a, convenient means 
fo.r ascertaining navigable di$tances between the .ports ·of .the United 
States and its offlying territories. · · 

~ , ·.1 j , i ' 
·DIVISION . OF GEOD.ESY 

" The fo!Jowing important pieces. of work were completed during 
the year or were iD. progress at the'.end of the fiscal year: 

. I . . ·1 

Oomputa.tion and. atLJustment of th-e foilowtng pieoea of triangulaticnJ.;-
1. Readjustment of the first-order trfongulation west 'of· the ninety-eighth 

merldllin; Main 'scheme antl interseotion points completed. . ' · · ' 
2. Southeast Alaska : Main ·scheme completed and partly prepared for 

publ,l.cation. 
!8 ... Territory of Hawaii: Adjustment completed and manuscript of. publlcntlon 

. sent to the· printer. · . 
· 4. Readjustment of the first-order trinngulatlon net east of the ninety-eighth 

meridian. Preliminary work only: · " · · . · 
Oomputation of leveHng.-About 1,800 miles of leveling located in New l\Iex1co, 

Kentucky, Tennessee, Virginia,: West Virginia, iind Colorado. " 
· Oomputa.tion of the.fo1lowinil.astrornimio and gravit11 WQrk.-
·1. ·.Azimuths: 87 stations in the United States, Alaska, and Hawaiian Islands . 

. 2. Longitudes: 19 stll'tions In the United Statel!. Work wns also done in 
PmiJring for. publlca ti on the world longitude determinations made by ·this 
bureau In 1926. · . · ·. · 

8. Longitudes: 11. stations In the United States. 
4.' Laplace azimuths: Computation of true geodetic azimuths at 19 Laplace 

stations. · 
· G. Isostatic reductions: Computation of the reduction fryr topography and 

Uiostatic compensation at 49 sea stations determined in fall of 1928 by coopera
tion of the United States Navy, Carnegie Institution of Washington, an<l Dr. 
F. A. Vening Melnesz. Also same computations for 8 stations in Hawaiian 
Islands. · 

6. Gravity computations: Computation of 3 stations in Hawaiian Islands and 
of various standardizations and· experimental work at Washington, D. C . 

. I~vestigations were carrie<:l. on during, ,the yeaJ,' in the. following 
subjects: Interior of the earth, lunar 'theory, variation. of latitude, 
California· earthquakes, and tidal friCtion . 
. The following publications were issued by the ruvision during the 

fiscal year : 
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Spec.lal Publication 140, Manual of First-Order Leveling. 
Special Publication 145, Manual of Seconu and Third Order Triangulation 

and Traverse. 
Special Publication 151, Comparison bf Old and New T1iangulatlon in 

California. • 
Special Publication 153, Conformal Projection of the Sphere Within a Square. 
Special Publication 156, Triangulation in the Hawaiian Islands (in press). 
Special Publication 77, Precise Leveling in Texas (revised edition). 
Serial 257, Geodetic Surveys-Methods, Instruments, and Purposes (revised 

edition). 
DIVISION OF CHARTS 

The printing and distribution of charts increased by more than 
7,000 copies during the year. This is approximately the normal 
annual increase that has been continuing for the past 15 years. The 
sale of tide.tables and current tables'is the largest we have ever had. 
These are substantial evidences of growth. There are many indi
cations that during the coming year this volume will be exceeded. 

There is a persistent demand from various sources for charts of 
localities not . previously published .. Charts of several rivers and 
comparatively shoal areas heretofore considered unimportant for 
navigation but now coming into importance on account of the phe
nomenal increase in the number of motor boats are on our program. 
The addition of a new chart to the number on issue requires not only 
the work of compilation and preparation of plates but also contin
uous correction, year after year; work which is already taxing the 
capacity of the division. This demand for charts of new areas must 
be met to the best of our ability and between 1925 and 1929, 31 new 
charts have been added to the list on issue. 

Photographic copies of original survey sheets are quite extensively 
used in the study of important engineering projects as base maps 
for local improvements and assessments and as evidence in litigation 
involving valuable property rights. These records are hi$'hly valu
able judging by the number of complimentary letters received. 

Tfie J)ro.gress in airway mapping has fallen behind the increasing 
deman for airway charts .. The production of strip maps is being 
curtailed to permit undertaking general flying maps which will 
eliminate considerable duplicat10n caused 1by overlapping strips. 

AccompUslzments fi:Jr the year.-There were 13 new nautical charts 
produced and 10 new editions of existing charts; 3 airway strii:> maps 
published, 5 reprinted, and 5 nearin.[t completion. All existing charts 
were keJ?t up to date and weekly .Notices to Mariners prepared for 
publicat~on. · · 1 

Below 'iS gi-ven a 5-year comparative statement showing the total 
number of nautical charts on issue, the new charts constructed and 
new editions issued during the year; also the cancellations of ob~olete 
charts. On account of very e:i..'tensive corrections several of the 84 
new editions· listed for 1929 required practically as much work as a 
new chart. 

I 

---------------1-1-92_5_~1~~~ 
Current charts on Issue--··--·---------------·------- 670 6871· 601 702 710 
New charts------------------------------------------ 13 10 16 18. 13 
New editions-------··------------------------------- 114 97 94 74 84 Charts canceled.____________________________________ 8 2 12 7 . 6 

69651-20---3 
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The charting program for 1930 includes 13 new nautical charts 
5 charts to be reconstructed, 9 new airway strip maps, 2 sectional 
charts of a series that will eventually cover the entire country. The 
wo.rk of first importance will be keeping existing charts up to date. 

DIVISION OF TERRESTRIAL MAGNETISM AND SEISMOLOGY 

The principal accomplishments have been: 
1. The resumption of preparation of magnetic observatory results 

for publication. Progress has been made though the amount is un
satisfactory. Further improvements in methods have been made. 

2. Preparation of the field results for publication. This has been 
kept practically up to date. 

3. Preparation of the magnetic tables and charts for 1925 was 
completed. This publication should meet the need for which it is 
prepared for many years. 

4. Progress has been made in the preparation of magnetic 'in
formation by groups of States. A volume covering the area from 
Delaware to Tennessee was practically completed and the necessary 
maps compiled. 

5. A program of development of instruments and methods with 
study of the underlying theory has been an important activity. 
There have been. improvements in the standard methods and new 
materials and apparatus have been adopted for solving the problems 
as they have become available. 

6. Attention has been given to some of the major problems relat-. 
ing to the earth's magnetism, and a special effort has been made to 
keep in touch with all the various organizations throughout the earth 
which are now very actively attackm~ this problem. Special men
tion should be made of coo~ation with the Navy Department and 
the Carnegie Institution of Washington. 

SEISMOLOGY 

Only a partially successful effort has been made to put the avail
able information into finished form. The delay in the issue of our 
quarterly seismological report has become quite serious but in so far 
as other observatories are concerned their needs have been met by 
advance information from our observatories. Immediate deterllll
nation of pm;ition of earthquakes through reports from cooperative 
organizations and observatories has proved so valuable that upon 
request from Great Brita.in the service has included transmission of 
earthquake information to Europe as part of the meteorological 
messages of the Weather Bureau. Advice and information has been 
furnished to those contemplating the installation of instruments and 
other various activities related to the earthquake problem. . 

DIVISION OF TIDES AND CURRENTS 

Owing to the increased calls for tide and current data and because 
of the additional data obtained from the current and tide surveys the 
work in the office of the division of tides and currents has increased 
considerably in the past few years, without a commensurate increase 
in the personnel. 
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· Upon the completion of a tide and current survey, one of which 
is made in a different harbor each summer, the observations are re
duced and the manuscripts for special publications on the tides .and 
currents in these harbors are prepared for printing in the next fiscal 

, vear. The survey of Chesapeake Bay and tributaries was completed 
early in the past year and manuscript is now being prepared for 

. publication. 
These comprehensive tide and current surveys were begun in 

1922, and to the present time the following special publications, deal
ing with tides and currents in the respective harbors, have been 
issued: 

Currents and tides in harbors 

No.111. New York Harbor, 1925. I No.127. Southeast Alaska, 1927. 
No.115. San Francisco Harbor, 1925. No.142. Boston Harbor, 1928. 
No.123. Delaware Bay, 1926. No.150. Portsmouth Harbor, 1929. 

S:{>ecial Publication 148, Tidal Bench Marks, State of New Jersey, . 
received from the printer during the fiscal year, is part of a series 
containing descriptions and elevations of tidal bench marks along 
the coasts of the United States. The following are publications of 
this series issued to the present time : 

TUlal bench mn:rk publication 

No. 83. New York, 1922. 
No.119. District of Columbia, 1925. 
No.128. Rhode Island, 1926. 
No.136. Connecticut, 1927. 

No.141. California, 1928. 
No. 148. New Jersey, 1929. 
No. 155. Massachusetts (In prC'ss). 

Special Publication 154, Instructions, Primary Tide Stations, 
which was pre.Pared as a supplement to Special Publication 139, was 
sent to the prmter in January, 1929. This publication contains in
structions pertaining to the operation of a primary tide station and 
the prelminary reduction of the records. 

Two new publications that were issued during the fiscal year, Tide 
Table, Boston Harbor and Vicinity, and Tidal Current Charts, New 
York Harbor, have been well received by the public, the unexpected 
demand for the current charts necessitating a re:{>rint within a few 
months of the original issue. This publication gives by means of a. 
set of 12 charts the direction and velocity of the current at various 
localities throughout New York Harbor. In addition to this infor
mation, the complete set of charts presents a comprehensive view of 
the tidal-current movement for the harbor as a whole. At the pres
ent time we have insistent demands for similar publications for San 
Francisco Bay, Boston Harbor, and Chesapeake Bay, where current 
surveys have already been made and observational data are available. 

The predictions of tides and currents are made and the manµscript 
submitted to the printer each year in time to have all the tables for 
any calendar year ready for issue by July 1 of the preceding calendar 
year. Predictions of currents for the current tables for the calendar 
year 1931 were begun October 30, 1928, and completed November 30, 
1928. Tide predictions for the tide tables for the calendar year 1981 
were begun November 30, 1928, and completed January 22, 1929. 
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The following table, showing the issue of the tide tables for each 
fiscal year for the 10-year period 1920-1929, is indicative of the 
demand for the tables: 

Fiscal year I stYl'e~~~d I Atlantic Pacillc New York Boston 
Forei~n Const Tide Coast Tide Ilarbor Ilarbor 

Ports 1 ide 1'ablcs Tables Tido Table Tido Tables 
Total 

Tables __________ , _______ , ____ , ____ , ____ , __ 
16, 061 ------------1------------1920 ___ ---- ----- - - -- - -- - ------ ---rn21 ____________________________ _ 

1922. --- --- - - - - - - - -- - -- -- - - - - - - - -
1923 _________ ---------- ---------
1924. _____________ - .• ·------- ----
1925 ____________________________ _ 

1926 •.. - --- --- - -- -- - - -- - - - - -- - - - -
1927 _______ ------------- --- ------

m~::: ===: ::: :: : : ::::::::: :: : ::: I 

3,460 
3, 577 
3, 007 z. 4i0 
2. 500 
2, 2181 
2. 730 

2.-0021 2,377 
3, 257 

5, 357 
5, 678 
5, 704 
5,-140 
7, 097 
6, 727 
6, 707 
tl. 034 
7, 281 
7, 276 

lf ~ i::::::::;·;1 :;::::::;;: 
n:~ I,~; 1-----·j;:jiij" 

24, 887 
24, 21ll 
23, 673 
22, 973 
24, 840 
24, 704 
24, 784 
25, 537 
28,610 
20, 486 

The following table shows the number of copies of the current 
tables issued for the fiscal years 1923 to 1929, separate current tables 
having been issued in 1923 for the first time: 

Atlantic Pncific Atlantic Pnc!Oc 
Fiscnl yenr Coast Coast Total Fiscal yenr Coast Coast Total Current Current Current Current 

Tables Tables Tables Tables 

--- -,---
1923 __________ ·- ·- ·--- 2, 020 1, 786 3, 815 1927 ____ .• ·----------- 3, 7221 2, 311 6, 033 
192'----------------- 3, 124 2, 002 5, 126 1928 ___________ ·---- ·- 3,614 2, 001 6, 116 
1926 .•. --------------- 2, 452 i 2, 474 4, 926 1929. ----------- ------ 3, 492 4, 040 7, 532 
1926. _________ -------- 3, 014 i 1, 7G3 4, 7i7 

The United States and Foreign Ports Tide Tables for 1929 con
tain daily predictions for 88 reference stations and tidal differences 
and constants for 3,775 subordinate stations. One additional refer
ence station, Aberdeen, Grays Harbor, Wash., was included in the 
1930 edition. 

In accordance with a cooperative arrangement for the exchange 
of tidal predictions, daily predictions for the annual tide tables are 
now exchanged between the Coast and Geodetic Survey and the 
following organizations: British Admiralty, 19 stations; Canadian 
Hydrographic Office, 4 stations; Deutsche Seewarte1 Germany, 6 
stations; anJ Service Hydrographique, France, 4 stations. . 

The production of tide and current tables has been systematized 
and a high degree of efficiency attained. Only nominal improve
ments can now be hoped for along these lines, as the present con
<litions are such that any further speeding up must result in loss 
of accuracy. 

DIVISION OF ACCOUNTS 

For the fiscal year 1929 the regular appropriations for the Coast 
and Geodetic Survey amounted to $2,445,127. This amo4nt was 
further increased to $2,527,627 by deficiency acts, transfers from 
other depa1·tments, etc. The actual disbursements during the fiscal 
year amounted to $2,587,862.02. This amount does not represent 
the actual expenses of the bureau for the fiscal year 1929, as included 
therein arc disbursement on account of previous fiscal years. 
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During the year from 30 to 50 chiefs of party have disbursed 
funds in the field, operating throughout the entire United States 
and its possessions. These chiefs of party are financed by advances 
made to them through this division, and their accounts are in 
turn rendered to this division for credit to their account of advances. 
They are then included in the accounts of the disbursing agent, and 
are transmitted to the General Accounting Office for final settle
ment. 

The primary object for these chiefs of party being in the field 
is the accomplishment of surveying work, and it is, and has been, 
the continued endeavor of this division to simplify the accounting 
work in every possible manner in order that a maximum of effort 
may be devoted by these chiefs of party to their surveying work. 
The majority of these officers have no permanent station, their 
work bemg migratory. The accounting work is necessarily accom
plished at night after completing the day's work in the field, and 
under the most difficult conditions, as, for instance, by lamplight 
in a small tent with only the crudest facilities. 

INSTRUMENT DIVISION 

The development, procurement, modification, and servicing of the 
surveying instruments used by the field parties and observatories of 
this bureau in its work o.f geodetic, hydrographic, magnetic, tidal 
surveys, and other activities is the function of the bureau's instru
ment division. This division also records all material transfers to, 
from, and between field parties and the Washington office, and ac
counts for material at the bureau's headquarters. It is also the 
function of this division to design such special instruments and 
equipment as may be needed, to prepare drawings and specifications, 
and to construct sample instruments. It is also frequently necessary 
for this organization to design and build special machines to per
form some of the highlv accurate and special work which is oc
casioned by the construction of the various precision instruments 
which the bureau uses. 

These various functions were carried on during the past year, 
and a number of new instruments and improvements were made, 
the more important being: 

Precise level rod.-Yve have steadily improved the level rod 
both in its construction and in the method of di vi ding it. 'Ve 
have been able to develop a rod which will be of longer life, and so 

-stable that there will not be appreciable changes in length due to 
usage. By the designing and constructing in our own .shop of a 
special dividing machine we have been able to graduate these rods 
with a much higher degree of accuracy, and calibration is now car
ried one decimal place farther than was .formerly possible. By 
means of this. machine all rods are practically ahlrn and we are 
experimenting, with, ·r understand, very favorable results, with a 
change in the method of conducting the leveling work whereby it 
is not necessary to reverse the positions of. the forward and rear 
rods with each set-up, and the preliminary tests show a speeding 
up of from 10 to 15 per cent. . 

Second-order theodolite.-This instrument, whose design was re
ferred to in last year's report, has been under construction during , 
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the yenr and is virtually completed. A notable improvement in its 
design has been made in the introduction of ball bearings· into the 
micrometer microscopes, which renders them extremely sensitive and 
makes them adjustable and practically free from the effects of wear. 
An important element of such microscopes is the reversibility of the 
micrometer screw. The introduction of ball bearings renders the 
operating parts so lacking in friction that movement is virtually 
instantaneous in either direction on rotation of the screw. This will 
result in speedier and more accurate observation. 

Engine-driven sounding maohine.-A new portable, . air-cooled, 
gasoline· engine-driven sounding machine has been develo:ped for 
launch work and is now under field test. This machine is quite 
light, very powerful, and its entire control is in one hand of the 
·operator. This machine will enable shallow soundings to be con
ducted with much greater ease and rapidity than where the hand 
sounding machine is used. · 

Registering sheave .. -The registering sheave used by this bureau 
in deep-sea sounding was redesigned to incorporate a more rugged 
and more easily read and operated registering device, and a number 
of these instruments were placed in the field for testing purposes. 

A new type of automatic time switch for the control of signal 
lamps, to eliminate the constant need of an attendant, was designed 
and built during the year. This switch makes use of a drop of 
·mercury sealed mto a glass tube properly mounted on suitable metal 
parts, connected with a clock. This type of switch will not be 
affected by moisture, temperature, or dirt, nor is there any tendency 
for the tarnishing of contacts, as in the case of some of the switches 
previously used. A quantity of these switches is being used dur
mg the present season. 

Efforts are continually being made to improve the quality and 
accuracy of the instruments, and to reduce their cost by the use of 
improved materials and methods of construction. Every effort is 
made to reduce the operating expense of the shops by the introduction 
of labor-saving machinery, and by adding suitable apparatus for 
testing incoming instruments and materials. 

NEW CHARTS 

925. Port Arroyo, south coast of Porto Rico. AprU, 1929. Scale, 1 : 20,000; 
20 by 26 inches. Price, 25 cents. Soundings are In feet and give the 
depth!I at mean low water. Surveyed by the Coast and Geodetic Survey 
in 11¥.';1 supplemented by older surveys. 

· 1287. Little River Inlet to Winyah Bay Entrance, S. C. January, 1929. Scale, 
1 : 80,000; 32 by 42 inches. Price, 75 cents. This ls one of the new 
serles of coast charts constructed on the Mercator projection and 
oriented with the Meridian. Soundings are in feet and give the depths 
at mean low water. This chart supersedes charts 1151 and 152 of the 
old series. 

·1288. Winyah Bay Entrance to Charleston Lightship, S. C. December, 1928. 
Scale, 1 : 80,000 ; 32 by 42 inches. Price, 75 cents. This is one of tba 
new series of coast charts constructed on the Mercator projection and 
oriented with the meridian. The soundings are in feet and give depths 
below the plane of mean low water. It replaces chart 158 of the old 
series. 

4128. Kealakekua Bay to Honaumau Bay, Hawafl. July, 1928. Scale, 
1 : l,0,000; 25 by 34 inches.. Price, 50 cents. Chart. shows th~ res.ults 
of surveys made in 1927-28. Soundings are 1n fathoms at mean lower 
low water. 
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4190. United States Possessions in the Samoan Islands, South Pacitlc Ocean. 

February, 1929; 32 by 39 inches. Price 75 cents. The chart shows a 
small scale plan of the Samoan Islands, plans of Rose Island and Swains 
Island, a plan of the Manua Islands on a scale of 1/80,000, a plan of 
Tutuila Island on a scale of 1/60,000, and a plan of Page Pago Harbor 
on a scale of 1/150,000. Soundings are given in fathoms and the heights 
in feet. 

4205. Batan Islands, P. I. March, 1929. Scale,. 1: 100,000; 29 by 41 inches. 
Price, 75 cents. Chart shows complete information for coastwise nnvi· 
gation from surveys to 1928. Soundings in fathoms at mean lower 
low water. 

6406. Port Ludlow, Wash. September, 1928. Scale, 1: 10,000; 23 by 36 inches. 
Price, 25 cents. Chart shows the result of a survey made in 1927. 
Soundings and heights in feet. 

6407. Tacoma Harbor, Wash. March, 1929. Scale, 1: 15,000; 26 by 36 inches. 
Price, 150 cents. Chart replaces 6451. It ls on a larger scale and ex
tends farther to the north and west and shows the results of surveys 
made by the Coast and Geodetic Survey and the United States Engi
neers up to March, 1928, with additions to topography from other 
sources. Soundings in feet at mean lower low water. 

8173. Southern Entrance to Sumner Strait, southeast Alaska. March, 1929. 
Scale, 1: 40,000; 31 by 43 Inches. Price, 75 cents. This is one of the 
series of charts on a scale of 1 : 40,000 covering the west coast of south
east Alaska. Soundings in fathoms at mean lower low water. 

8248. Salisbury Sound and Peril Strait to Emmons Island, southeast Alaska. 
August, 1928. Scale, 1 : 40,000 ; 32 by 34 inches. Price, 75 cents. This 
ls on the Mercator projection and supersedes chart 8282, which was oii 
the Polyconic projection. It extends farther to the westward than 8282, 
giving more sen room oft'. the entrance to Salisbury Sound. 

8258. Cape Edward to Lislanskl Strait, west coast of Chichagof Island, south
east Alaska. December, 1928. Scale, 1 : 40,000; 23 by 30 inches. Price, 
25 cents. This is one of the series of charts on a scale of 1: 40,000 
covering the west coast of southeast Alaska and shows the results of 
surveys made in 1926. Soundings are in fathom!;! at mean lower low 
water. 

8271. Tebenkof Bay, Chatham Strait, southeast Alaska. January, 1929. Scale, 
1 : 40,000 ; 25 by 27 inches. Price, 25 cents. This chart shows the re
sults of surveys made in 1926. The soundings are in fathoms at mean 
lower low water. 

8505. Lltuya Bay, south coast of Alaska. February, 1929. Scale, 1: 20,000; 
24 by 34 inches. Price, 50 cents. Soundings are in fathoms and give 
the depths at mean lower low water as determined by a survey made 
In 1926. 



Part IV.-DISTRmUTION OF PARTms DURING THE 
. FISCAL YEAR ENDED JUNE .30, 1929 

DIVISION OF HYDROGRAPHY AND TOPOGRAPHY 

.Abbreviations used: L-lengtb in statute miles; A- arel\, square statute miles; P =number of geographical 
positions; M =miles of sounding lines; s-number of soundings; W. D.~wire drag; sta. -stat.Jons; 
mag.-magnetlc] 

Persons conducting operations Locality and operations I 
--c--·------
M~ine, Isles or Shoals-Portland: Triangula- I Ship Lydonia, July I-Oct. 22, Lt. 0. c. Mattison. 

t•on; L32, A317, PIO; hydrograpby, M2,616, I comdg.; Lt. E. W. Eickelberg, exec.; Lt. (J. 0.) E. B. 
A461, 833,314; Mag. sta. 4. Hoberts; Lt. (J. 0,) J. ll. Service; Lt. (J. 0.) H. A, 

Paton; Lt. (J. G.) E. n. McCarthy; n. A. Phllleo, 
D. 0., to Sept. 22; M. G. Ricketts, D. O.; C. N 
Conover, ch. engr.; JI. 0. Dorsey, sr. elec. engr., to 
July 14. 

Maino and New Hampshire~ ~IT Isles of Shoals: Wire-drag party, July I-Aug. 8, Lt. C. K. Green, In 
!lydrography, wire drag, M45, A26. charge; Lt. (J. G.) H. E. Finnegan; Lt. (J. G.) c. F. 
· Ehlers; n. c. Bolstad, D. o., F. E. Okeson, mate. 

Massachusetts, Gloucester Ilarbor: Trlangu- Shore j)artyj July I-Oct. 31, Lt. ll.. P. Eyman, In charge; 
latlon, L7, Al2, P31; topography, L6, A24; ' Lt. (J. 0. L. C. Johnson. 
hydrography, MIOO, A3, Sl2,092; tide sta., I 
4; mag. sta., 3. 

Massachusetts and New York Newburyport, Laun.ch Ogden, Aug. 0--Dec. 23, Lt. C. K. Green, in 
Marthas Vineyard, and Oardiners Bay: I charge; Lt. (J. 0.) R. E. Finnegan, to Dec. IO (acting 

. 'l'r!ang11latlon, L65, Al68, P3!; topography, . chief of party Aug. 9-28); Lt. (J. G.) C. F. Ehlers, to 
Ll18, ·A6; hydrography, M492, A31, 823,874; , Dec. 7; J<'. E. Oke~on, mate, to Nov. 7. 

. tide sta., 5; mag. sta., 1. ' 
New York, Jamaica Bay: Topography, L74, Shore party, Aug. 21-Dec. 22, Lt. C. D. Meaney, in 

A15; hydrography, M229, Ala, S6,003; tide charge; R. c. Bolstead, D. O., to Dec. 8. 
sta., 5; current sta .. 3. 

New Jersey, Cape May: Triangulation, Ll9, 
A20, P3; topography, LIO, A30; hydrqgraphy, 

... M 1,934, Al26,S40, 701; tide sta., l. 

New Jersey, entrance Delaware Bay: Hydrog. 
raphy, Ml,225, A69, !'25,511; tido sta .. 1. 

Maryland ·and· Virginia, Potomac River, 
Cockpit Pt.-Alexandria: Triongulnt!on, 
L19, A70, 1'19; azimuth sta., 2; base measure, 
L 0.84. 

Ship Ranger, July J-Oct. 31, Lt. n. L. Sch9ppe, comdg.; 
Lt. (J. 0.) B;H. Hlgg, exec.; Lt. (J. 0.) W. M. Gibson; 
E~slgn O. E. Morris, Jr.; C. A. Ooorg~, D. 0., to Aug . 
15, H.F. Garber, D. O., from Aug. 24, F. L. Chamber
lin, ch. engr.; R C. Overton, mate. ' 

Ship Natoma, Aug. 1-0ct. 25, Lt. J. Senior, comdg.; 
Lt. (J. 0.) J.C. Bose, exec., from Aup:. 16; Ensign W. J. 
Chovan; Ensign W. R. Port.er, from Aug. 7; Ensign 
J.M. Baker, to Aug. 16; J. N. Jones, D. 0., from Aug. 
14; A. Silva, ch. cngr, 

Launch Mikawe, Apr. 2-June 8, Lt. F. L. Peacock, in 
charge; Lt. (J. 0.) E. B. Latham; Ensign C. A. 
Schanck, to May 3. 

Shore party, July I-Oct. 18, Lt. (J. 0.) Charles Pierce. Maryland and Virginia, Potomac River, 
Lower Cedar Point-Alexandria: Triangu
IRtlon, J,27, A38, P81. 

V!rg!nia, Chesapeake Bay: Coast Pilot revl- Lt. 0. D. Cowie, in charge. 
slon. 

North Carolina, Capo Lookout Shoals: Topog. Ship Natoma, July 1-20, Lt. J. Senior, comdg; Lt. (J. G.) 
raphy, L7; hydrography, Ml88, All, Sl,618, J.C. Boso, exoc.; Lt. (J. 0.) C. n. Bush; Ensign W. J. 
tide sta., !. Chovan; Ensign J.M. Baker; A. Silva, ch. engr. 

South CarolinR, Cooper River and vicinity I,aunch Elsie Ill, July I-Jan. 29, Lt. (J. G.) R. F. A. 
Charleston: Trlnn1mlntlon, I,26, A21, P59; Studds, in charge; Ensign W. H. Porter, to Aug. 6; 
topography, L90, Al2; bydrography, M300, Ensign L. W. Swanson; H. A. Earle, D. 0., Aug. 
A7, Sl6,178; tide sta., 5. 18-Jan. 18. 

Florida, vicinity Cape Canaveral: Triaogula- Ship Lydonia, J'ln. 9-June 25, 0. C. Mattison, comdg.; 
tlon, L27, Al51, P32; topography, L65; j Lt. E.W. Elckelberg, exec., to June 6; Lt. Charles Shaw, 
bydrogrophy. M3,989, A2,624, S52,036, tide exec., from Juno 15; Lt. (J. 0.) E. D. Hoberts; Lt. 
sta., l; mag. sta., 1. (J. 0.) E. A. Deily; J,t. (J. 0.) H. A. Paton; Lt. (J. G.) 

Florida, West Palm Beach and Cape Canaveral: 
Triangulation and traverse, L39, A6, P25; 
hydrograpby, Ml,262, Al44, Sl8,197; tide 
sta., I; mag. sta., 1. 
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E. H. McCarthy; M. 0. Rickett~. D. O.; J. H. J<"ay, 
D. 0., to.Jan. 2a; M. H. Reese, D. 0., from Jan. 24; 
C. N. Conove1, ch. engr.; H. 0. Dorsey, sr. elec. engr., 
May 19-June 2; F. E. Okeson, mots. 

Ship Natoma, Jan. 27-Juno 26/ Lt. J. Senior, comqg.; 
Lt. (J. G.) J.C. Bose, exec., rom Feb. 23; Lt. (J. G.) 
w. J. Chovon; U. (J. G.) W. n. Porter; F. A. Hidden, 
D. O.; I. n. Hubottom, b. O.; A. Silva, ch. cngr. 
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Locality and operations 

Florida, Lake Worth-Hillsboro: Triangula
tion, L45, A60! _P28; topography, L38, AlO; 
hydrography, Ml,298, A216, S29,463. 

Florida, west coast, Sim Carlos Bay and 
Caloosahatchee River to Cape Sable; Trian
gulation and traverse, L40, Al50, P74; topog
raphy, LU, Aa; hydrography, Ml,156, A41, 
S38,987; tide sta., 4. 

Florida, west coast: Air photoreductlon, Ll50, 
A773. 

California, La Jolla: Topography, L9, A5; 
hydro~aphy, Mll41 A7 S2,261. 

California, San FrancIBco Bay: Triangulation, 
L20, A20, PO; topography, L44, A21; hydrog
raphy, Ml5, Al, Sl,506; tide sta., 1. 

California, Point Reyes: Triangulation, L34, 
Al09, P37; topography, L24, A61; hydrogra
phy, M202, A26, S3,226; tide sta., 1. 

California, Shelter Cove-Pt. Arena: Triangu
lation, L14, Al8, PIS; topography, L74, A21; 
hydrography, M2,807, A4,133, Sl6,684; tide 
sta., 2; base line, 2d order, Ll~. 

California, vicinity of Crescent City: Topogra
phy, L52, A72; hydrography, M307, A42, 
S6,200; tide sta., 2. 

California aud Oregon, Cape Sebastian-Trini
dad Head: Topography, L114, A83; hydrog
raphy, M6,837, A5,600, S54,074; tide sta., 2; 
mag. sta., 3. 

Oregon, Coquille River-Cape Sebastian: 
Topography, L58, A65; hydrography, M598, 
A94, S9, 738; tide sta.i 2; current sta., 1. 

Oregon, Cape Fou weather-Cape Arago: 
Top,ography L74, A31; hydrography M6,-
978, A4,665, S42,747; tide sta., 3; mag. sta., 8. 

Alaska, southeast, Behm Canal: Triangula
tion, L78, Al36, P68. 

Alaska, Keku Straits, Wrangell Narrows and 
Duncan Canal: Triangulation, .Lao, A28, 
P87; topography, L48, A17; hydrography, 
M738, Al7, S51,691; tide sta., 1. 

Southeast Alaska, Taku Inlet: Triangulation, 
L26, A75, P17. 

Alaska, Kruzof Island and Peril Strait:· Trian
gulation, L68, A615, P21; topography, LUO, 
A130; hydrography, M860, A124, S9,986; 
wire drag, M32, A18; mag. sta., 5; tide sta., 1. 

Alaska, Montague Islarid-Nuka Bay and Sit
kalidak Straits: Triangulation, L68, A388, 

· P90; topography, Ll69, Al68; hydrography, 
M4, 788, A2,926, S31,466; tide sta., 1; mag. 
sta., 6. 

Alaska, Shellkof Strait: Triang'ulation, L20, 
A46, · P67; topography, L70, A54; hydrogra
phy, Ml,069, A626, · Sl(l, 730; tide sta., 5; 
mag. sta., 4. 

Persons conducting operations 

Ship Ranger, Jan. 17-June 30, Lt. R. L. Schoppe, comdg.; 
Lt. (J. G.) B. II. Rigg, exec.; Lt. (J. G.) W. M. Gibson; 
Ensign G. E. Morris, Jr., to Feb. 3; H. F. Garber, D. 
0., to Feb. 3; M. E. Wennermark, D. O.; J. S. Massey, 
D. O.; F. L. Chamberlin, ch. engr.; R. C. Overton, 
mate. 

Ship Hydrographer, July 1-Dec. 28, Lt. Charles Shaw, 
comdg.; Lt. 0. S. Reading, to Aug. 25; Lt. (J. G.) 
J. C. Sammons; U. (J. G.) E. A. Deily, to Dec. 7; 
J. N. Hasenfuss, D. O.; K. B. Jeffers, D. 0. 

Office work, Aug. 30-June 30, Lt. 0. S. Reading, in 
charge; Lt. (J. G.) R. J. Sipe, from Apr. 1; Ensign H. 
J. Oliver, Oct. 24-Mar. 30; Ensign R. C. Bolstad, from 
Apr. 9; R. A. Marshall, D. 0., Oct. 15-0ct. 22; Fred 
Natella, D. 0., Oct. 16-Nov. J2; J. S. Morton, D. O., 
Oct. 22-Apr. l; II. C. Walker, D. 0., Oct. 30-Apr. 1. 

Shore party, Aug. 2Q-Sept. 21, Lt. C. M. Durgin, in 
charge. , · 

San Francisco field station, Lt. Com. T. J. Maher, 
inspector. 

Ship Pioneer, May 6-June 30. Lt. 0. W. Swainson, 
comdg.; Lt. R. D. Horne, exec., to June 6; Lt. R. P. 
Eyman, exec. from June 6; Lt. J. A. Bond; Lt. (J. G.) 
E. 0. Heaton, from May 11; Lt. (J. G.) K. G. Crosby; 
Lt. (J. G.) R. C. Rowse; Lt. (J. G.) H. J. Healy; En
sign Curtis Le Fever to June 3; J. F. Fay, D. O.; G. C. 
Mast, D. O.; R. A. Gilmore, D .. O.; c. R. Jones, ch. 
engr. , 

Ship Discoverer, Apr. 29-June 30, Lt. Com. F. G. Engle, 
oomdg.; Lt. L. D. Graham, exec.; Lt. C. M. Durgin; 
Lt. II. P. Odessey; Lt. (J. G.) R. W. Knox; Lt. (J. G.) 
G. L. Anderson, from May 9; Lt. (J. G.) A. C. Thorson; 
Ensign C. Le Fever, from June 5; Ensign G. R. Fish; 
Ensign C .. J. Wagner; J. L. Laskowski, D. O.; J. L. 
Mclver, ch. engr. 

Shore J>artyi 'Apr. 27-June 30, Lt. A. P. Ratti, in charge; 
Lt. (J. G.; G. R. Shelton; Ensign G. M. Marchand. 

Ship Discoverer, July 1-Nov. 30, Lt. Com. F. G. Engle, 
comdg.; Lt. L. D. Graham, exec.; Lt. c. M. Durgin, 
Lt. H.P. Odessey; Lt. (J. G.) R. W. Knox, from Aug. 
Ia; Lt .. (J. G.) A. C. Thorson; Lt. (J. G.) G. R. Shelton; 
Ensign G. R. Fish; G. M. Marchand, D. 0., from Sept. 
1; C. J. Wagner, D. O.; J. L. Mclverz..ch. engr. 

Shore party, July 1-0ct. 31, Lt. A. P . .Katti, in charge; 
Lt, (J. G.) Thos. B. Reed; Ensign Geo. A. Nelson. 

Ship Pioneer, July 1-Dec. 1, Lt. 0. W. Swainson, comdg;; 
Lt. R. D. Horne, exec.; Lt. E. H. Bernstein; Lt. J. A. 
:Bond; Lt. (J. G.) H. A. Karo; Lt. (J. G.) K. G. Crosby; 
Lt. (J. G.) R; C. Rowse; Ensign Curtis Le Fever; 
0. R. Jones, ch. engr. 

Shore party; Apr. 17-.Tune 30, Lt. (J. G.) J. M. Smook, 
in charge; Lt. (J. G.) B. G. Jones. 

Ship Explorer, Mar. 29-June 30, Lt. II. A. Cotton, 
comdg.; Lt. T. B. Recd, exec.; Lt. (J. G.) P. C. Doran; 
Lt; (J. G.) J.C. Partington; Lt. (J. G.) L. C. Johnson; 
Ensign J .. N. Jones; w. Weldllch, mate; A. N. Loken, 
ch. engr. 

Shore party, April 27-June 30, Lt. W. M. Scaife, in 
charge. 

Ship Explorer, June 1-0ct. 25, Lt. rr. A. Cotton, comdg.; 
, Lt. W. D. Patterson, exec.; Lt. (J. G.) W. M. Scaife; 

Lt. (J. G.) I. T. Sanders; Lt. (J. G.) B. G. Jones; A. N. 
Stewart, 'D. O.; D. M. Watt, D. O.; W. Weidlich, 
mate; K. R. Oile, ch. engr. 

Ship Surveyor, July 1-0ct. 8, Lt. R. R. Lukensbcomdg.; 
Lt. C. A. Egner1 exec.; Lt. (J. G.) L. S. Hub ard; Lt. 
(J. G.) P.A. Smith; Lt. (J. G.) S. B. Grennell; Lt. (J. G.) 
F. G. Johnson; Lt. (J. G.) J. C. Partington; Ensign 
P. L. Bernstein; Ensign F. R. Gosset; Ensign J. 0. 
Mathisson; R. W. Healy, mate; G. Johanson, ch. engr.; 
W. J. Leary, surgeon. 

Ship Surveyor Apr. 30-June 30, Lt. R. R. Lukens, 
·comd~.; Lt. C. A. Egner

1
exec.;,Lt. C. D. Meaney; Lt. 

(J. G. L. S. Hubbard; t. (J. G.) F. G. Johnson; Lt. 
(J. G. P. L. Bernstein; Lt. (J. 0.) J. C. Mathlsson; 
Ensign II. F. Garber; Ensign II. J. Oliver; Ensign 0. 
A. George; R. W. Healy; mate; G. Johanson, ch. engr.; 
W. J. Leary, surgeon. 
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Locality and operations 

Hawaiian Islands, Hawaii Island-French Fri
gate Shoals: Triangulation A260, P44; topog
raphy, L36, A4; bydrography, Ml5,755, A33,-
795, 88.5,340. 

Phll!pplne Islands, Luzon Strait: Topography, 
L2; hydrography, M3,188, A2,763, 89,948; 
tide sta., 4; current sta., 57. 

Philippine Islands, Davao Gulf: Trlangula
tlon, Al,405, Pl5; topography, LlOO, Al35; 
bydrograpby, M2,838, A4,892, S24,151; tide 
sta., 2; current sta., 26; mag. sta., 7. 

Philippine Islands, East Coast oC Luzon: Tri
angulation, L60 A860 P42; topography; Liil, 
A89; bydrography, M3,J211, A2,632, B2li,U5; 
tide sta., l; mag. sta., a. . 

Philippine Islands, Dumangullas Bay: Tri· 
angulatlon, A140, P19; topography, LJ3, 
A26; bydrograpby, M2,281, A601, 819,148; 
tJde sta., l. 

·Philippine Islands, Sulu Islands: Topography, 
L69, A19; bydrograpby, M5,703, A416, Sl!4,-
421; tide sta., 7; current sta., 16. 

Pbllip{>lne Islands, Dumangullll.!l Bay: Tri
angulation, L27, A76, Pl7; topograpliy, Lill, 
A56; bydrograpby, M1,1Z7, .A.78, 828,964; 
tide sta., 3; current sta., 4; mag. sta., 6. 

Persons conducting operations 

Ship Gulde, June I-July 80, Lt. K. T. Adan:!s, comdg.; 
Lt. F. L. Ge.lien, exec.; Lt. (J. 0.) H. c. Warwick; Lt. a. a.J a. E. Boothe; Lt. (J. G.) L. o. SJ.mm.ons, to 
Sept. 24tJ-t. (J. O .) W. H. Bainbridge; Lt. (J. G .) F. B. 
QuJnn; .1>ll3Jgn Y. M. Gibbens, Ensign O. w. Lovesee; 
Ensign E. B. Lewey; F. Seymour, ch. engr.; W. R. 
Scroggs, surgeon. 

Ship Pathfinder, July If-July 29, and Apr. 24-June !OJ Lt. 
H. B. Campbell, comdg.; Lt. (J. 0.) R. W. wood· 
worth, exec.; Lt. (l. 0.) I. Blttenburg; Ensign E. H. 
Kirsch; Ensign J. D. Thurmond, to Mar. 30; A. N. 
Loken, ch. engr., to Mar. 30; K. R. Gile, ch. engr., from 
Apr. 3; J. V. Tormey, surgeon. 

Ship Pathfinder, Sept. 21-Mar. I, Lt. Il. B. Campbell, 
comdg.; Lt. (J. G.) R. W. Woodworth1 exec.; Lt. (J. O.} 
I. Rlttenburg; Ensign E. H. Klrscn; Ensign J. D. 
Thurmond; A. N. Loken, ch. engr.; J. V. Tormey, 
surgeon. 

Ship Fstbomer, July l-Dec. 31J. and May 16-June 30, Lt. 
G. o. Jonesicomdg.; Lt. (J. u.) A. J. Hoskinson, exeo.; 
Lt. (J. 0.) • Rlttenburg, to July 7; Lt. (J. G.) W. F. 
Me.lnate, to Mar. 30; Ensign C. A. Burmlster, from 
July 6; Ensign E. C. Baum; Ensign O. E. Morris, Jr., 
from Apr. 23; a. w. Hutchison, ob. engr.; D. R. 
Kruger, surgeon, to Apr. 23; W. R. Scroggl!, surgeon, 
from Mar. 14. 

Ship Fathomer, Jan. 7-Mar. 8, Lt. G. C. Jones, comdg.; 
Lt. (J. 0.) A. J. Hoskinson, exec.; Lt. (J. 0.) W. F. 
Malnate; Ensign C. A. Burmlster; Ensign E. C. 
Baum; 0. W. Hutchison, ch. engr.; D. R. Kruger, 
surgeon. 

Ship Marlnduque, July 1-Dec. 31, Lt. (J. 0.) L. O. 
Wilder, comdg.f· Lt. (J. a.) J . .A • .McCormlclr, exec.; 
Lt. (J. O.) O .. Aslakson; Lt. (J. (},) R. J. Sipe, to 
Oct 13; Harry Ely( !lh· engr.; F. 'J. Boule, surgeon. 

Sb_lp Marlnduque, .M.ar. 24-June 30, Lt. (J. 0.) L. C. 
Wilder, comdg., to Apr. 30.i. Lt. W. l'.l. Pattetson, 
comdg., from May l; Lt. (J. u.) o. l. AslakBon, exeo.; 
Lt. (J. O.) 8. B. Orenell; Ensign F. R. Gossett; Harry 
Ely, ~h. engr.; F. J. Soule, surgeon. 

DIVISION OF GEODESY 

Locality 

Augusta-Intematlone.I Bonndary, 
Me.lne. 

Pittsburgh arc, Pennsylvania and 
Ohio. 

Columbus arc, Ohlo ••••••• --------

Do ••••••••••••••••••••••••••• 

Owingsville to Vlrglnla-Tennes
see boundary, Kentucky. 

Operations 

Triangulation, tlrst-order; 80 ml., 
21700 sq. ml.; 2 Laplace azimuths. 

Tr1sngul11tlon and base measur&
mentbfirst-order; 8.5 ml., 1i100 sq. 
ml., ase line 6.8 ml.; 1 Laplace 
azimuth. 

Triangulation, first-order; 205 ml., 
2,260 sq. ml.; 2 Laplace azlmutbs. 

Triangulation, first-order; 20 ml., 
2.50 sq. ml.; l Laplace and l 1lrst· 
order azimuth. 

Triangulation, first-order; 120 ml., 
2,8.50 sq. ml.; 2 Laplace azimuths. 

Bardstown-Berea, Ky ••••••••••••. Triangulation, first-order; 65 ml., 
1,000sq. ml.; 1 first-order azimuth. 

Portsmouth, Ob I o-Owlngsvllle, 
Ky. 

Ninety-third meridian arc, Iowa, 
MlsSourl, and Arkansas. 

Triangulation, first-order; 00 ml., 600 
sq. ml.; l 1lrst-order azimuth. 

Triangulation\ first-order, 420 ml., 
6,400 sq. ml.; 6 Laplace azimuths. 

Springfield-Van Buren, Mo ••••••• Triangulation, fitst-order; 95 ml., 
_ 11 80Qsq. ml.; l Laplace azimuth. 

Newport Beach-Bear Lake, Call! •. ·1nangulatlon, first-order; 60 ml., 
1,100 sq. ml.; 2 Laplace azimuths. 

Persons conducting operations 

ED8lgn C. A. Schanck, chief. 

w. Mussetter, chief; Lt. (J.0.) 
John Bowle; Lt. (J. 0.) E. 
B. Latham. 

Do. 

Lt. (J. 0.) C. M. Thomas, 
ohlef; Lt. (J. 0.) E. J. Brown; 
M. Braden, foreman band. 

Lt. H. W. Hemple, chleJ.i Lt. 
(J. 0.) J. M. Smook; .15. R. 
Martin, Jr. engr. 

W. Mussetter, chief; Lt. (J.0.) 
John Bowle; Lt. (.T. G.) E. 
B. Latham. 

Do. 

Lt. (J'. G.) E. 0. Heaton, chief; 
Lt. (J'. 0.) J', M. Smook; Lt. 
(J. G.) C. M. Thomas; Lt. 
(J. 0.) R. L. P!au; W. J. 
BJJby, signalman. 

Do. 

Lt. 0. L. Bean, cblel; Lt. 
(J. G.) R. · A. Karo; Lt. 
(J. 0.) J. H. Brittain. 

Redding-Humboldt Bay, Calif.... Triangulation, second-order; 85 ml., Lt. 0. L. Bean, chief. 
2,400 sq. ml.; 1 first-order azimuth. 
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Locality 

Buffalo, N. Y.-Westfleld, Pa _____ _ 

Westfield-Canton, Pa ____________ _ 

Portsmouth, Ohio-Berea, Ky_---

Danville, .Ark.-Mwourl boundary_ 

Springfield-Charleston, Mo ______ _ 

Nlnety-!ourth meridian arc, .Ar-
kansas, Louisiana, and Texas. 

Shreveport-U nlon base, Louis
iana, Mississippi, and .Alabama. 

Atlanta-Montgomery, Georgia, 
and Alabama. 

Cairo-Memphis, Missouri, Ken· 
tucky, .Arkansas, and Tennessee. 

Memphls-Natchez,Arkansas,Mls· 
slsslppJt and Louisiana. 

Natchez-.New Orleans, Mlssls· 
slppl and Louisiana. 

Newport Beach-Lucerne Valley, 
Callf. 

:Minnesota, Wisconsin, and Iowa __ 

Montrose, Colo.-Farmlngton, N. 
Mex. 

Farmlngton-Shlprock, N. Mex ___ _ Alexandria, Va ___________________ _ 

Operations 

Reconnaissance tor first-order trlan· 
gulatlon; 110 ml., 000 sq. ml. 

.Reconnaissance tor first-order trian
gulation; 40 ml., 300 sq. mi. 

Reconnaissance !or first-order trian
gulation; 110 ml., 1,600 sq. ml. 

Reconnalsssnce tor first-order trian
gulation; 120 ml., 1,800 sq. ml. 

Reconnaissance for first-order trian
gulation; 100 ml., 2,700 sq. mi. 

Reconnaissance !or first-order trlan
guif1tlon; 310 ml., 3,000 sq. ml. 

Reconnaissance !or first-order trlan· 
gulatlon; 300 ml., 4,100 sq. ml. 

Reconnaissance for first-order trian
gulation; 200 ml., 2,200 sq. ml. 

Reconnalsssnce tor first-order trian
gulation; 146 ml., 1,600 sq. ml. 

Reconnaissance !or first-order trian
gulation; 270 ml., 1,700 sq. ml. 

Reconnaissance for first-order trlan-

R~~~~~:icem/or ~~~.i!1i1irlan-
imlatlon; 90 ml.1 1,600 sq. ml. 

10 Laplace nzlmutns, 14 longitudes, 
and 7 latitudes. 

Levellng, first-order; 148 ml. 

Leveling, first-order; 30 ml----------

Persons conducting operations 

Ensign C . .A. Schanck, ch!er. 

· Lt.(J. G.) c. M. Thomas,chler; 
M. Braden. foreman hand. 

Lt. H. W. Hemple, chief; Lt. 
(J. G.) J. M. Smook. 

J. S. Bilby, chle!. 

Do. 

Signalman W. J. Bilby, chler. 

Do. 

W. Mussetter, chief. 

W. Mussetter, ohler; Lt. 
(J. G.) John Bowle. 

J. s. Bilby, chler; w. 1. Bilby, 
signalman. 

W. Mussetter, chler; Lt. (J. G.) 
John Bowie. 

Lt. G. L. Bean, chle!; Lt. 
(J. G.) J. II. Brittain. 

Lt. (J. 0.) E. J. Brown, chler; 
Ensign :r. P. Lushene. 

Lt. (J. G.) J. H. Brittain, chler. 

Do. 
.Associate Mathematician H. S. 

Ra{)pleye chief. 
'l'uoumcarl-Taylor Springs, N. Levellng, first-order; 103 mL------·, Lt. (J. G.~ J. H. Brittain, 

Mex. chief. 

Levellng, first-order; 0.3 ml _________ _ 

Greenup-Jackson, KY------------- Levellng, first-order; 128 mL ________ Ensign H. O. Fortin, ohler. 
Somerset-Glasgow Junction, Ky__ Levellng, first-order; 102 mL_________ Do. 
Monett, Mo.-Memphls, Tenn. Levellng, first-order; 322 mL ________ Lt. (J. G.) P. C. Doran, chler. 

(part). 
Covington-Richmond, Va ________ Leveling, first-order; 257 ml _________ Ensign H. O. Fortin, chief. 
Balcony Falls-Harpers Ferry, W. Levellng, first-order; 185 mt_________ Do. 

Va. 
Washington, D. C---------------- Levellng, first-order; 1 mL---------- .AssoclateMathematlolan:,H. S. 

Rappleye chler. 
Taylor Springs, N. Mex., to Levellng, first-order; 14 m'---------- Lt. (J. G .) Charles Pierce. 

Pueblo, Colo. (part). 

DIVISION OF TIDES AND CURRENTS 

Portland, Me_---------------·---- Serles or tide observations __________ _ 
Portsmouth, N. H. -----·--------- _____ do.-----------'-·--·-------------· 
Star Island, Isle or Shoals, N. H ________ do .•• ----------------------------
011 Isles or Shoals, N. H _ •• ------- Serles ot current observations _______ _ 
Boston, Mass.-------------------- Serles or tide observations __________ _ 

~~M~~ji~jji!=ij j~j~jmj~j~jjijjjijj~i~i=~=i!jj!jj!j 
~~fif1~W:iJ1 ::: : : : : : : : : : : : : :: : : : : : : g~:::::::: :: : :: : :: :: : :: :: : : : : : : : : 
New York, Wbltehall St., N. Y •• - _____ do·-·---------------------·--·---

t~~~f f.~~~~~~~rnrn~~~l~~~jim~rnrnmrnrnm~rnrn~~ 
Survey or Long Island Sound _____ Serles or current observations _______ _ 
Atlantic Cit~ N. 1-.•• ------------ Serles ot tide observations __________ _ 
Cold Spring inlet, N. y ________________ do·------------------------------
Breakwater Herbor, Del_------ ________ dO-------------------------------

i~~~g~~~f ~::::::::::::::::::1:::Jt::::::::::::::::::::::::::::: 
Dahlgren/ Potomao River, Va __________ do_·----·--·------·-·------------
Survey o Chesapeake Bay, Md., Serles or current observations _______ _ 

and Va. 

C. II. Hudson. 
G. A. Gerry. 
G. C. Mattison. 
Charles K. Green. 
R. F. Luce; H. F. Russell. 
Raymond P. Eyman. 

Do. 
Do. 
Do. 

Charles K. Green. 
Do. 
Do. 
Do. 

C. L. Garner; T. 1. Lyons. 
Mary T. Myers. 
C. D. Meaney. 

Do. 
Do. 
Do. 

H. E. Finnegan. 
B. 8. Day. 
Jack Benlor. 

Do. 
W. M. Miller. 
Fred .A. Kummell. 
R.H. Kiernan. 
Navy Department. 
George L. Anderson. 
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DIVISION OF TIDES .:AND CURRENTS-Continued 

======================r================="''=======T"=================·"= 
Locality Operation 

Hamfeton Roads, Va ______________ Series of tldeubservatlons"----------

[R~fe e:fi~°er ~s ~ c:::::: ::: : :::: ::: :::::~g:::::::::::::::: ::::::::::::::: 
Calnboy, Wando River, S. C __________ do •.•• -----······-···--··---··---

itg~iJI;~i=~r~~rf ff III~I~~ ~~~~~it~~f ~~-~mrn~rnmrnmm~ 
Railroad bridget. west branch, ••••. do .••• --------------·-·-····-----

Cooper River, 1:1. C. Mayport, St. Johns Rh-er, Fla .•.•..•.• do ______________________________ _ 

~i~g~~1~::i:;f,aifii :: : :: : : : : : : : : : : : : : :~g:: :: :: : : : : : : : : : : : : : : : : : : : : : : : : : 
Oil Daytona Beach, Fla •• ---······ Serles of current observations _______ _ 
Oft Mosquito Inlet\ Fla ___________ -- ___ do ____ -----------·-··----------·-
Port of Lake Mabe, Fla.-···---·· Series of tide observations __________ _ 

~~;~i ~~~¥\·a~1-~ ~:: :: : : : : : : : : : : : : : : : :~g::: ::: : : : : : : : : : : : : : : : : : : : : : :: : : 
Everglades, Fla •• ___ •• ____ ···---- ______ do _________ •• ___ -··-- ___ --------· 

f o~:~t~~~~~~:: ::: ::::::::: :::: :: :Jg::::::::::::::::::::::::::::::: 
~'iu~~f~~. ~:.-_-_:::::::::::::::::: :::::~g::::::::::::::::::::::::::::::: 
San Diego, Calif._.--------------- _____ do ..•. ---------------------------

~/ X11iie~:~1 
biiii r.: :: : : : : : : :: : : : : : : : : : : ~g::::::::::::::::::: :: : : : : : : : : : : 

San Francisco, Calif ___________________ _do ••.• ---------------------------

San Leandro Bay, San Francisco _____ do ..•. ---------------------------
Bay, Calif. 

Persons conducting ope· 

J. C. Twaddle. 
L. C. Lockwood. 
United States Engineer"<·,· 
R. 1''. A. Studds. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

H. II. Wiiiiams. 
W. P. Tisdale. 
T. J. Wright. 
K. T. Adams. 
G. C. Mattison, 

Do. 
United States Engineers. 
S. M~ Goldsmith, 
Fred J. Neblker. 
Charles Shaw. 

Do. 
Do. 

V. D. Jiolcomb. 
C. F. Southwick. 
Floyd C. Bedell, ele\·enth 

naval district. 
George F. McEwen. 
John T. Gower, harbor depart

ment, Los Angeles. 
Thomas J. Maher; Il. S. Bal

lard. 
Do. 

Humboldt Bay, North Jetty, _____ do •.•• --------------------------- II. A. Cotton. 
CaliC. Crescent City, Cam ____________________ do ______________________________ _ 

f ~~~~~~-!i~i-·-··-=· .i-.~11:=:-=-_-i=···i:···i-·-··==•••:: Port Orford, Oreg _________ -------- _____ do ______ -------------------------
Coos Bay, Oreg ___________________ Series of current observations ______ _ Yaqulna Bay, Oreg ____________________ do _____________________________ _ 
Bandon, Oreg _____________ ------- _____ .do _____ --------- ___ -------------
Astoria, Oreg. - - - ------ -------- _. _ Serles of tide observations. ____ -----_ 
Seattle, Wash ______________ ------- ____ .do. _____ ------ ______ ------------
Aberdeen, Wash_----.------------ ____ .do: _____ ------- __ ---------------

~:~~~11;;~~~1i:::::::::::::::: ::: : :~g:::: :::::::::::::::::::::::::: 
Montcsana, \Vash _____ ··-···----- .. ___ do.-··---------·-·-------··-----Port Gamble, Wash •.•••• _____________ do. ____________________________ _ 
Port Ludlow, \Vash. __________________ .do. __ ·--------------------------
Anacortes, \Vash __ --------- -----· ____ .do. ________ --·-·------ _________ _ 
Ketchikan, Alaska ________________ . ___ .do .• __ ----------- ______________ _ 
Scraggy Island, Alaska _________________ do _____________________________ _ 

f ~1~3JEH'.i:;.~~;~:::::::::::: : : :::~~:::: ::::::: ::::::::::::::::::: 
Klnsh11n Cove, A18Ska. ___ ------- ____ .do. __ ---------------------------
Klag B!IY, Alaska ••• -----·-··----- _____ do ... ---------------------------
View Cove; Alaska ___________________ .c\o. ___ ----------------- ---------
Craig, Alaska __________________________ do .• __ ----------------------··--
Kaku! Narrows, Alaska ________________ do. __ ---------------------------
Evans Bay, Alaska.--·-·--------- _____ c\o ___ ------------------ ---------
Two Arm B11y, Alask11 _________________ do .. ----------------------------
Port Hobson, Allll!ka ..•••.•••. _________ do ..••. -------------------------
Day lforbor, Alaska .•• ________________ <10 •••• ---------------·-·-··-----
Cordov11, Alaska _______________________ <\o ____ --------------------------

~~~fu~~~:iri::::::::::::::::: :::::~g::: ::::::::::::::::::::::::::: 
~!k'11~~::,WH~1wa1i:::::::::::::::::: : : :: :g~:::: :::: :: :: :: :: :::::: :: : : ::: : 
Waimea, Hawaii _______________________ do_ •• ----···--------------------

~gg~p!~li~!v61i::::l::::: :::: :: : ::: :gg:::: :: : :::::::::: :: : :: : : : : : : : : 

F. O. Engle. 
J. F. Gillings. 
F. 0. Engle. 
0. W. Swalnson. 

Do. 
Do. 

A. P. Ratti. 
Do. 

0. W. Swalnson. 
Do. 

A. P. Rllttl. 
A. M. Coleman. 
F. II. ]Jardy, E. E. David. 
W. H. Peters, Port Commis-

sion, Aberdeen. 
Do. 
Do. 
Do. 

O. C. Jones. 
Do. 
Do. 

Adolph Anderson. 
H. A. Cotton. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

R. IL Lukens. 
Do. 
Do. 
Do. 

Je.sse W. Taylor. 
Snm Knudson. 
L. M. lligh. 
\\'niter E. Wall, Territory 

government, Haw11ll. 
R. M. Wilson. 
F. G. Engle. 

Do. 
Thomas J. Maher. 

Do. 
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UNITED STATES 
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1929 
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COAST AND GEODETIC SURVEY 41 

DIVISION OF TIDES AND CURRENTS-Continued 

Locality Operation Persons conducting operations 

Necker Island, Hawaii ____________ Serles of tide observations---------- Thomas 1. Maher. 
Do·--------------------------- Serles of current observations_______ Do. 

Nlhaoa Island, HawnlL----------· _____ do·----------------------------- Do. 
Kaumnlspa~HawalL. ___________ Serles of tide observations ___________ K. T. Adams. 
Port Allen{ .tiawa!L. __ - --····---- -----do_ -----------------------------1 Do. 
Frenoh Fr gate Shoals, HawolL .•• -----dO------------------------------ Do. 
Bntuan Bay,__P. L-------------·-· -----dO---------------------·-------- L. 0. Colbert. 
Bir! Island, .t'. L----------------· _____ do·--·-·-·----------------------, Do. 
Bascop De.tan Island, P. L--------.-----dO------------------------------ Frank S. Borden. 

~~ n!y; -P~ i:::::::::::::::::::·l':::::g~::: :::::::::::::::::::::::::::/ g~ 
Manila, P. I--------------------·- -----dO------------------------------ Fred L. Peacock. 

DIVISION OF TERRESTRIAL MAGNETISM AND SEISMOLOGY 

_____ L_o_ca_1_1t_Y _____ ,[ _____ o_p_e_m_t_1o_n_s _____ \ Persons conducting operations 

I ' 
Cheltenham, Md--------------·-·' ObservotorY------------------------1 George llortnell, S. 0. Town

shen<!~ magnetic observers. 
San 1uan, P. R---------·-··------ -----do .•. --------------------------- W. M. ulll, magnetic observer; 

Lt. E. R. Hand. 
Sitka, Alaska _____________________ -----dO-----------------------·----•- Lt. II. A. Cotton; F. P. Ul· 

rich, magnetic observer. 
Tucson, Ariz·-----------·--------· ··---do·--------·-------------------- A. K. Ludy, magnetic ob· 

server; Lt. L. P. Raynor. 
Honolulu, HawalL----------···-· _____ do ... ···-··---------------------· Lt. J. II. Peters. 
Alahamo, Tennessee, Kentucky, Repeat stations and replocements---~ R. R. Dodie, S. A. Deel, mag-

Indiana, Ohio, West Virginia, I netlc observers. 
Pennsylvonla, Virginia. 

Virginia, North Carolina, South _____ do------------·----------------- R.R. Dodlll,, mngnetlc observ· 
Carolina, Georgia. er; C. A. ueorge, junior engi

Geor~la, Florida, Alabama, Mis- ____ .do--------·--·------------------

M8:~f~rt':f1~~~~~·-~~~~~-- ________ .do_. __ ·-------------------------
Kansas, Nebraska, South Dakota_. -----do ___ ---------------------------
Alaska, Interior----·-------------- Repeat and new stations---------·--

neer. 
W. M. Hill, magnetic observer 

Lt. (J. 0.) 1. A. McCormick. 
S. A. Deel, magnetic observer. 
F. P. Ulrich, magnetic ob· 

server. 

Very truly yours, 
R. S. PATroN, Director. 
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