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COWPLETI ON OF THE GECRGES BANK  SLRVEY

The past season marked the conpletion of the survey of Georges Bank,
a project which has aroused an unusual anount of interest. |[Its progress
has been closely wat ched by both shipping and fishing interests because
of the vital inportance to those industries of accurate charts of this
region. Not only will the new charts afford additional security to |ives
and property represented by the thousands of vessels which annually cross
the Bank, but evidence is already at hand indicating that the entire cost
of the survey will be saved in a conparatively few years through econom es
resulting fromshortened steaner tracks. A representative of the New
Engl and fisheries has stated that the two special fishing charts resulting
fromthe new surveys will save one day out of each ten-day round trip of
the trawers to the Banks and may well make all the difference between a
slight profit and the present |osses which the fleet is suffering.

The project has also attracted special attention fromgeol ogi sts and
oceanogr aphers because of the discovery of several remarkable subnarine
vall eys along the edge of the continental shelf. The fact that the Bureau,
with its advanced net hods of hydrographi ¢ surveying, can now devel op such
of fshore features with an accuracy heretofore considered inpossible has
given to those interested primarily in subnarine configuration a vast
anount of reliable information on which to base their studies, while at
the same time, it has obliged themto discard certain theories which have
been advanced wi thout a proper eval uation of the basic data supporting
t hem

To the Bureau, aside fromthe satisfaction that always comes fromthe
know edge that an inportant and difficult task has been successfully com
pleted, it has neant another step in the devel opnent of efficient hydro-
graphic surveying. The quality of the work was inproved each season, the
quantity increased and the unit cost reduced. It wll be recalled that
the survey was started, during the 1930 season, at the offshore end of the
Bank in order to chart, as early as possible, areas where westbound trans-
atlantic shipping lanes cross the edge of the continental shelf. The basic
position therefore was an astronomcal one and fromit RAR triangulation
was carried inshore for a distance of 150 mles until a connection was nade
during the last season with the coastal triangulation. That the discrep-
ancy found when the connection was finally made was only 400 neters is
another tribute to radio acoustic sound ranging and to the skill and ex-
perience of the personnel of the field parties. Furthernore, it is proof
that the path assuned for the sound wave as well as the theoretical vel-
ocities conputed for that path were renarkably accurate

The frontispiece shows the limts of the entire project and the RAR
buoy control schenme. A large percentage of the 29,529 mles of sounding
lines required to devel op this area of 28,076 square niles had to be run
during foggy weather directly across the principal transatlantic steamer
tracks. O many occasions it was necessary for the hydrophone station ships
to remain at anchor in thick fog for days at a time, directly in those
tracks. On one such occasion voices fromthe deck of a passing liner were
plainly heard on one of the station ships. Al soundings, with the excep-
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tion of the relatively few required to devel op the dangerous shoal s,

were obtained, with the fathoneter. By-products of the survey included
current observations at 107 stations, 609 water tenperature and 392 salin-
ity observations.

During the latter part of the | ast season, work was extended over
a portion of Nantucket Shoals in order to devel op a shoal on which a ves-
sel had grounded while attenpting a passage through Davis Channel. Ad-
vantage was taken of the control established for this work to resurvey
both Davis and G eat Round Shoal Channels and to relocate all the off-
shore aids to navigation in this locality.

Various articles and reports descriptive of the methods used on this
proj ect have appeared in previous issues of the Bulletin. 1In this issue
are included a report of Lieutenant W D. Patterson on the nethod of plot-
ting the 1932 season's buoy control schene, the nethods used and the re-
sults of an experimental deternination of the velocity of sound in sea
water and copies of several forns devised by the field parties as useful
in standardising and sinplifying the records of the several survey units.

Prof essor F. P. Shepard of the University of Illinois, who is nmuch inter-
ested in submarine configuration and who spent sone tine on the working
ground, has given us an article illustrated with the detailed contouring
of three of the valleys devel oped during the 1932 season, In a future

edition, it is hoped that an analysis of the costs of the project can be
gi ven.

Fromthe Master of S.S. PORT HUNTER

**x% "A few days ago on a voyage fromHalifax to New York this ves-
sel had occasion to round Georges Bank on soundings, Admralty Charts
Nos. 2670 and 2492 being used. Considerable difference between soundi ngs
obtained on a course line and the estimated position on the chart existed.
Now, after conparing the new survey soundi ngs and those on the charts
nenti oned, there appear considerable differences. The new sheet (advance
information chart of a section of Georges Bank) comes in very well with
the soundings we obtained. n future occasions | shall have nore confi-
dence in thick weather and be able to save quite a fewniles on any future
voyage. " ****

Fromthe Master of S.S. AUSON A

**** "] beg to thank you for the print of the new soundi ngs al ong
the edge of the continental shelf on either side of westbound track "C'.
This excellent work is nost necessary and, in view of the general use in
the near future of sonic soundings, an accurate chart show ng the config-
uration of the bottomw Il be an absol ute necessity to the navigator of
the future who wi shes to have his position accurately registered while
proceeding at full speed. | wi sh to conplinent your departnent on its ex-
cellent and untiring efforts to assist the navigator." ****
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OOCRDI NATI ON CF COASTAL TR ANGULATI ON AND EMERCENCY  RELI EF

The allotment to the Bureau of a snmall portion of the funds appro-
priated in the Energency Construction Act has made it possible to under-
take, in addition to other much needed surveys, the coordination of the
triangul ati on schemes that have been established fromtine to time al ong
our. coasts since the original scheme was execut ed.

The original scheme was established from75 to 100 years ago. A
| arge percentage of the stations in it have been lost. New triangul ation
has been executed in many localities for the control of revision surveys,
but this necessarily was local in character and in nany cases, because
basic stations could not be recovered, started fromlines weak in both
azi nuth and di st ance.

Coordi nati ng schenes are being established along the coasts of North
Carolina, South Carolina, Georgia, Louisiana, Texas, and California and
are of second-order accuracy. Werever recoverable, stations of the orig-
inal scheme are incorporated into themand |ine connections are nade with
each of the later schemes. The lines in the new schenes are, in general,
fromtw to three mles in length and are so situated as to control all
navi gabl e inl and wat erways. Provision is made for frequent connections
with the first-order arc, which lies from10 to 30 mles back fromthe
coast, thus permtting a rigid adjustnent of all existing triangulation on
the North Amrerican, 1927, datum

As an inportant part of the work, connections are nade with all schenes
of the U S Engineers and the U S. GCeol ogi cal Survey, fromwhom excell ent
cooperation is being obtained. Special attention is being paid to the
selection of sites and to narking and referencing the stations in an effort
to make them of naxi numvalue and as permanent and accessible as possi bl e.
Descriptions are made in sufficient detail to permt spotting the stations
on the air photographs which will probably be nade of the coast in the
near future. The 90-nile stretch fromBeaufort, N C, to the Cape Fear
R ver has recently been photographed and the pictures are now in the hands
of the parties operating there.

From70 to 80 per cent of the cost of projects of this nature goes di-
rectly to the enpl oynent of |abor. Enploynent is confined to those in
actual need of it and, in so far as practicable, to the localities in which
the work is done. Cooperation is maintained with relief agencies in sel-
ecting enployees. In order that the maxi mumarount of the funds avail abl e
nmay be used for direct enployment, much of the additional equipnent requir-
ed has been obtained by transfer and | oan. Trucks have been obtai ned from
the Post Cifice Departnent and instrunents fromvarious coll eges.

It is conservatively estinated that the funds provided for the Bureau
in the Energency Construction Act wll result in the direct enployment of
1,000 men for fromsix to eight nmonths. To the Coast and Geodetic Survey
this allotnent nmeans the economcal and efficient acconplishrment of a |arge
anount of inportant work of value to all surveying and mappi ng agencies of
the country. It constitutes a national investrment, the naintenance cost
of which will be alnost negligible.
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APPRCPRI ATI ON REDUCTI ONS FCR FI SCAL YEAR 1934

There are shown bel ow two extracts fromthe report of the Appropria-
tions Comrmittee of the House of Representatives on the Departnents of State,

Justice, Conmerce, and Labor Appropriations Bill,
is also shown graphically the proportion of the total
appropriated to the Bureau.

COST AND GEODETI C SURVEY

For the fiscal year 1934 the committee has allowed $2,205,090, a
reduction of $90,828 from the estimates as submitted in the Budget.
This amount compares with an appropriation of $3,649,813 for the
present fiscal year inclusive of $1,250,000 contained in the emergency
relief and construction act of 1932 for engineering work.

The committee is impressed with the progress made in reducing the
cost of triangulation work and the unit cost of hydrography. No
effort should be spared to continue to effect economies in every field
of endeavor with which the bureau is occupied.

The importance of this bureau in protecting lives of our citizens is
not minimized and the committee does not desire materially to retard
the work of this unit in charting information secured in the field.
Some sacrifices, however, must be made by each and every agency of
our Government. It remains for those charged with the administra-
tion of these funds to apply the reductions made to those activities
having the least to do with the safeguarding of human life and prop-
erty. The committee knows that this is the measuring rod that has
been employed by the administrative authorities of this bureau, and
commends its continuance. The committee is impressed with the

fiscal

This is approximtely 0.0006 of the total

year, 1934. There
annual Federal budget
budget .
THE
TOTAL ANNUAL

FEDERAL BUDGET

Department of Commerce

Coast and Geodetic Survey.

efficient administration of this bureau. [ |
) Increase (+) or
Orjet Appropriaions a3 | U ggmates | Ameynt erompied| | deree (9 bl
appropriations
Coast and Geodetic Survey:
Part expenses, emergency con-
str{uctionp Raalied 3 1, 250, 000. 00 —1,250,000.00
Field expenses—
Atlantic coast surveys.--------------- 150, 000. 00 102, 000. 00 102, 000. 00 —48,000.00
Pacific coast surveys.---------------- 200, 000. 00 141, 220. 00 141, 220. 00 —58,780.00
Tides, currents, etc.------------------- 20, 000. 00 16, 820. 00 16, 820. 00 —3,180.00
Coast Pilot, compilation of ---------- 5, 500. 00 6, 205. 00 5, 200. 00 —300.00
Magneticwork-----------------------1 40, 000. 00 42, 160. 00 37, 160. 00 —2,840.00
Federal, boundary, and State
SUrVEYS. . -=================------ -1 -
. . ) 150, 000. 00 178, 702. 00 150, 000. 00
Triangulation and leveling
earthquakeareas----------------- :
Specia surveys
. 7,000. 00 6, 735. 00 6, 735. 00 —265. 00
Miscellaneous expenses--------------
Vessdls, repairsof 60, 000. 00 66, 000. 00 63, 000. 00 +3, 000. 00
Pay, etc., men on vessels------------------- 555, 000. 00 543, 893. 00 533, 000. 00 —22,000.00
Pay and allowances, commissioned
officers 662, 313. 00 633, 955. 00 633, 955. 00 —28, 358.00
Officeforce, salaries.---------------------- 500, 000. 00 501, 048. 00 461, 000. 00 —39, 000.00
General expenses, office------------------- 50, 000. 00 57, 180. 00 55, 000. 00 +5, 000.00
Total, Coast and Geodetic Sur-
vey 3, 649, 813. 00 2,295, 918. 00 2,205, 090. 00 | —1,444,723.00

(R3II)
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| NTERESTED SUBVAR NE OQONFI GURATI ON CFF
THE CALI FCRN A QOAST

F. L. Peacock, H &G Engineer, US C &G Survey

Al t hough sketchy information concerning the exceedingly irregul ar
configuration of the ocean bottomoff the California Coast has been avail -
abl e since early days and scrutiny of the land contours immedi ately ad-
jacent to the coast shows that much irregularity is to be expected, it
is only during the past fewyears and in the process of executing nodern
hydrographi ¢ surveys that the full extent of this irregularity has been
appr eci at ed.

The execution of an accurate and conpl ete survey in such an area
tests to the very limt the adequacy of our nost nodern equi prrent and the
cooperative skill of the personnel engaged.

The 1932 season's work of the Ship QU DE covers the area between | at-
itude 36° 10° N and latitude 37° 10" N., with the outer linmt sixty naut-
ical mles outside a line fromPoint Reyes to Point Sur. In other words,
it constitutes a conplete nodern survey fromPigeon Point to Partington
Poi nt, twelve nmles south and east of Point Sur.

This area contai ns many exanpl es of the unusual configurations to be
encountered along the California Coast, including deep subnarine valleys
with their tributary gorges and canyons, subnarine ridges and a |arge sub-
mari ne nount ai n.

Previous surveys in this area consisted of close inshore hydrography,
nostly executed many years ago, and a considerable area in and adj acent
to Monterey Bay, executed in 1925 with vertical wire casts and sone tube
sounding. All these areas are being resurveyed. The 1925 survey, with
wire, of the well-known valleys of Monterey Bay had been splendidly
executed, with cl ose spacing and good visual control, but even so, the
irregularity of the bottomwas such that depth curves could not be drawn
with certainty. Aresurvey of this area was instructed to secure the
nmuch greater information to be obtained from Fathormeter sounding profiles
than fromeven closely spaced vertical casts.

It is interesting to note that depths in excess of 700 fathons are
to be encountered inside Mnterey Bay, and that the 1000-fat hom curve
approaches to within seven and one-half mles of Cypress Point, the
poi nt rounded just before entering the bay fromthe southward.

Three new subnarine features of major interest to either the ocean-
ographer, the navigator, or the geol ogi st were devel oped during the
season. Two of these are shown on the acconpanying pl ate.

The first to be mentioned is a north and south ridge situated twenty
mles west by north of Point Sur. The crest of this ridge is about siXx
and one-half mles long, is very narrow and is covered throughout its
length by depths of 450 to 475 fathons. It slopes rapidly to 600 fathons
and deeper on all sides except the very southeastern extrenity. This
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feature was encountered in what was previously a blank area on the chart.

A second new feature is a narrow gorge extending into the contin-
ental shelf in a north-north-easterly direction for a distance of over
three mles. The prevailing depths on the shelf adjacent to the gorge
are from65 to 80 fathons. The gorge itself has maxi mumdepths of over
200 fathoms throughout two-thirds of its length, and depths in excess of
300 fathons for one-half its length. The head of the gorge is only six
m | es sout hwest of Ano Mievo Lighthouse. Al the coastw se steaner tracks
through this vicinity pass over or close to this gorge. Wen charted it
will constitute an excellent subrmarine |andnark in thick weather for all
passi ng vessel s equipped with echo soundi ng apparatus. e soundi ng ob-
tained near the nmouth of this gorge in 1925 was the only previous indica-
tion of its existence.

The third new feature is a large nmountain, situated in latitude 37°
02' N and 123° 20" W The nearest land is Southeast Farallon Island,
distant 44 nautical mles, and Pigeon Point, distant 46 nautical m]l es;
and it is 20 nautical mles south by east of the nountain di scovered hy
the party on the Ship PPONEER in 1929. The summt of this nmountain is
covered to a depth of alittle more than 900 fathons. It is entirely
surrounded by depths greater than 1400 fathons and sl opes steeply to 1800
fathons on the seaward side. The soundings obtained indicate the pres-
ence of a crater on the summt.

If it were possible to viewthis mountain fromthe eastward, at the
bottomof the ocean, it would be seen as a nountai n sone 500 feet higher
than Mount Tanal pais of California; and, if viewed fromthe seaward side
under simlar conditions, it would appear as a nmountain tw ce as high as
Mount Tanal pai s.

H O Bathymetric Chart Ho. 5194 showed sore indications of an el e-
vation of the ocean bottomin this vicinity;, also an isolated 1200-fat hom
soundi ng on Coast and Geodetic Survey Chart No. 5402 is in the sane
general vicinity. However, both these indications are considerably in
error in position, probably being plotted fromdead reckoning control.

The spacing instructed for the offshore portions of the season's
work was as follows:

V2 mle, in depths between 30 and 100 fathons

1 " 100 " 300

2 mles " " " 300 " 500 "
4 n n n n 500 n 1000 n
5 " " " of over 1000 "

Coss lines were also instructed, spaced four mles apart inside
the 100-fathomcurve, and eight to ten mles apart outside the 100-fat hom
curve.

At first thought this spacing seemed entirely adequate, but due to
the irregular configuration in the area surveyed, it was found that a
vast anmount of additional devel opment was necessary in practically all
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depths to satisfy the requirement that sufficient infornation be ob-
tained to draw definitely all depth curves.

Fromthe standpoint of the navigator sone exception mght be taken
to the economc desirability of specifying so rigid a requirement in the
greater depths. The nore experienced the witer has becone in the var-

i ous classes of hydrography, the nmore strongly he has believed that a
hydr ogr apher can not be positive that all possible dangers to surface

and subrarine craft have been found until he can draw any desired curve
with a fair degree of confidence. Again the navigator's point of view

is not the only one to be considered. Qur Coast Survey hydrographic data
are already of very great interest to other oceanographers and to geol o-
gists. In addition, it would be entirely futile to make a present pre-
diction as to what further interests the increased detail of our nodern
surveys may ultinately serve

This is the first instance within the witer's know edge where so
rigid a systemof cross lines has been specified. The witer believes
that such a systemof cross lines is vital to an accurate nmodern survey.
A part of themcan be run at an exceedingly low cost while en route to
and fromanchorages. There are bound to be sone, however, that consti-
tute an aggravating and costly hindrance to the conpletion of a project.
The value of cross lines is in the running check obtained on the ade-
quacy of our surveying equi pnent, under all the conditions encountered,
and on the skill and reliability of the different persons performng the
several operations. W desire nothing | ess than accurate surveys, and
if cross lines show up di screpancies, the renedy is not to onmt the cross
lines, but to inprove our equi pment, nmethods, and skill. Qoss |ines
are especially indicated in radio acoustic ranging work in order to test
the accuracy of everything pertaining to its operation before we rely
upon it with undue confidence

Anong the many questions whi ch denanded consideration during the
field season, the following may be of interest:

1. In how rough a sea can accurate fathometer soundings be obtai ned?

Qobviously the sea may beconme so rough that the noises incident to
the waves striking the ship and the plunging of the ship in the seaway
will prevent even the nost experienced and skillful officer fromaobtain-
i ng accurate soundi ngs. The experience for the season indicates that,
for the Ship QU DE, the sea produced by a steady wind of |ong duration,
in excess of 35 statute mles per hour, makes hydrography in areas where
the echo is faint, of doubtful accuracy. Stronger wi nds, of short dura-
tion, gave no trouble.

2. What soundi ng shoul d be recorded when the bottomis of such a
nature that simltaneous echoes are being received covering a range of 50
to 100 fathons?

(obvi ously these several echoes are being reflected back fromdifferent
pl aces of the ocean bottomand this condition can only occur on steep,
broken sl opes. The nost desirable echo to be recorded is of course the one
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nearest vertically belowthe ship. The practice has been to record the
shoal est echo that was definitely a bottomecho and not a stray.

3. Wiat effect does such irregular configuration as that encountered
during the season's work have on the accuracy of deternining distances by
radi o acoustic rangi ng?

During the present season the Ship GJ DE had excel |l ent success in
obtaining returns fromsound rangi ng over extrenely irregular bottom The
season's field records contain a great deal of information on this sub-
ject, both as aresult of velocity tests, where visual fixes were ob-
tainable, and of the fact that three shore stations were in operation
nost of the RAR season. W to the present time, however, there has
been little opportunity to study and digest the information obtained.

The present season's work of the Ship GUDE will conplete the survey
of the entire area of Chart 5402, with the exception of a narrow strip
of inshore revision (launch work) in Monterey Bay and fromNMonterey Bay
sout hwar d.

SOME SLIGHTLY ANNOYI NG R A R SI TUATI ONS DURI NG THE PAST SEASON

SI TUATI ON No.  1:

A new shore station had just been installed. After only one day's
operati on, persons unknown sighted the cabl e anchor buoy, and supposing
that it marked a |iquor snuggler's cache, hove up the cable end and nmagne-
tophone, then, disgusted, threwit overboard at a | ocation sone fifty
nmeters distant fromthe original position.

SI TUATI ON No.  2:

Anot her new shore station installed with the magnet ophone pl anted not
far froma seal rock. The seals evidently believed that a new pl ayt hi ng
had thoughtful |y been provided for their amusenment. They played with the
nmagnet ophone for hours daily until its interest for themgradually pall ed.

SI TUATI ON No. 3:

Wth the ship on RAR sounding line fifty mles offshore and only
two shore stations in operation, one shore station operator sends S OS
a couple of tinmes followed by "building on fire amabandoning station."

SI TUATI CN No. 4:

No natter howwell one shore station operator had been primed for an
all night session, he could not get by 3:00 AM wthout falling asl eep.
No armount of calling on the instrument at his side could arouse him n
three occasions he was finally awakened by having one of the other shore
station operators phone to a nearby nei ghbors of the sleepy operator to go
over and wake hi mup. Probably that nei ghbor cussed pl enty, but we got
results.

SI TUATI ON No. 5:

A substantial increase in the price of a certain variety of fish sent
the fishing boats out in unprecedented nunbers. Thereafter it was a daily
occurrence to have bonb reception interfered with by boats fishing close
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t o magnet ophones, and on one occasion all three shore stations were sim
ul taneously not able to operate for a period of over an hour because of
fishing boats operating in the inmediate vicinity of each magnet ophone.

SI TUATI ON No. 6:

| have been so busy with RAR that there has been no opportunity
to get out on the golf course and usefully enpl oy the new words and com
bi nations acquired incident to Situations Nos. 1 to 5.

I S N R I *om X

Captain G T. Rude presented a paper on Decenber 28, 1932, before
the Ceol ogi cal Society of Anerica at the annual neeting at Harvard
Uni versity, Canbridge, Massachusetts.

Briefly, It was the purpose of the paper to illustrate the order of
accuracy of various nethods of hydrographi c surveying and to suggest a
gui ding procedure for the eval uation of data used in chart construction,
since limtations of basic data are not always recogni zed by the
scientist in his interpretation of charts.

Because of the lack of detailed hydrographic surveys, early nauti-
cal charts were constructed frominconpl ete data, often of a reconnai s-
sance nature. Detailed surveys for revised charts of the area may indi-
cate extensive changes unless the charts are critically evaluated froman
intimate know edge of the factors involved in their production.

Again, with the aid of a few hundred soundi ngs, not particularly well
coordinated, but with an artist's inagination, bathynetric charts entirely
m sl eading for geologic interpretations have been constructed; yet the
general appearance of the charts has indicated that they filled fully the
needs of the geol ogist. Later charting of the same areas fromadequate
surveys has forcibly illustrated the necessity of a know edge of the
basi c dat a.

I mredi ately followi ng the presentation of the paper, a conference
was held with | eadi ng geol ogists with a view to their obtaining the coop-
eration of the Coast and Geodetic Survey with oil geologists in the deter-
mnation of the depth of the sedinmentary deposits over the continental
shelves, and also in furnishing to the geological fraternity the data from
this Bureau's nodern of fshore hydrographic surveys in the formof accurate
bat hyrmetric charts.
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From Monthly Report, OCEANOGERAPHER (Sept.)

During the last trip to the working grounds, a sounding |ine was
carried on continuously for 51 hours. During the period a total of 706
mles were run, the spacing of lines being one mle. |In one period of 24
hours, there were run 360 mles of this line. (The entire line was well
controlled by RAR)
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H NTS FCR SEQR NG ACOURATE TI DAL DATUMS

Paul C. Witney
Chief, Division of Tides and Currents, U S. C. &G Survey

The accurate determnation of tidal datumplanes is assuning nore
than ever before a major role in the work of the D vision of Tides and

Currents.

Inthe early history of charting the coasts of this country, many of
the tidal datuns were derived fromrelatively short series of tide obser-
vations. This was necessary because the rapidly increasing comrerce
al ong our shores denmanded the speedy publication of the data resulting
fromt he surveys.

In the accurate determnation of tidal datumplanes rmuch | onger
series are needed than were observed in those days. Qur present know
ledge of tides tells us that planes derived froma series of |less than
one nonth may be in error as nuch as one foot, and to reduce this to |ess
than two tenths of a foot, the series nmust be reduced to nean val ues by
conparison with a nearby primary station where a |ong series of observa-
tions has been made. An exanple will make this clear.

VW have a series of tide observations at Prospect Harbor, Maine,
covering a period of 17 nonths. Mean |low water as derived separately and
i ndependent |y from each nmonth of observation varied froma | ow readi ng
of 1.33 feet ontide staff for February, 1930, to a high reading of 2. 11
feet on tide staff for Cctober of the same year, a total variation of
0.78 foot. Wen these nean |ow water readings are reduced by conparison
with simltaneous tide observations at our primary tide station at
Portland, Maine, the resulting nonthly values are found to vary froma
mni mumof 1.39 feet for Cctober, 1929, to a nmaximumof 1.68 feet, a dif-
ference of 0.29 foot. The reduced nean |low water for the entire series
is 1.56 feet. Thus in the nonthly | ow waters independently determ ned,
the maxi mumdeparture fromthe accepted value is 0.55 foot, while in
nont hl y val ues reduced by conparison with the Portland tides, the naxi-
mum departure is only 0.17 foot.

The above results enphasize the need not only of extendi ng observa-
tions over as long a period as practicable, but also of conparing the
data with siml taneous observations at a suitable primary tide station.

e might now ask what natters three-fourths of a foot error in a
tidal reducer for soundings in five fathons or nore of water when per-
haps the depth is not knowh within a foot. That is the attitude we want
to correct. The engineer in the field naturally thinks of his tidal
work primarily internms of its contribution to the specific job on which
he is engaged at the nonent, i.e., in the case of a hydrographic survey,
to the reduction of soundings. Actually, the field is broader than that;
it includes the whole field of tidal research, which is one of the spec-
ified functions of this Bureau. ne of these is the determnation of
tidal datuns and there is a very inportant and growing need for accurate
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datum pl anes, due to the increasing value of properties adjoining tida
wat er s

It has been the customto refer water boundaries to tidal datuns,
usual ly a high water datum and the lack of accurate know edge of such
dat uns sonetinmes | eads owners into costly |egal entanglenents. To guard
agai nst lack of information that will accurately determne datuns, field
of ficers should not overlook the wi der applications of their tidal ob-
servations and that these nust be of an accuracy above what is required
for hydrographic reductions. And in this they should realize that the
length of series is not the only criterion to accurate datuns. As a
chain is only as strong as its weakest link, so is the accuracy of de-
termned datuns only as high as each of its el enents.

An observed datumof a tidal series depends upon several factors
besides the length of the series. Fixity of the bench marks, accuracy
of the levels between the mark and the zero of the tide staff, accuracy
of the conparative readings, a stable location for the staff, and suf-
ficiency of water depth at float well are sone of them Oficers in
charge of hydrographic parties should therefore be careful of these
poi nts when maintaining a tide station

The bench marks nust be established only where they will be reason-
ably free fromdestruction and nmovenent. Marks shoul d never be pl aced
on concrete pavenents, curbstones, runways, or any other structure
whi ch has a shallow foundation. |If no solid rock is present near the
gauge, concrete nmonunents deep enough to go bel ow the frost |ine should
be planted in preference to marks in buildings, the life of whichis
uncertain. Concrete nonurments placed with perm ssion of the proper
authorities in public parks are very desirable. The bronze di sk shoul d
al ways be used as the actual mark. O osses or other such identifying
marks are usual |y unsatisfactory in years to cone.

Another step in the accurate determnation of tidal planes is

the line of |levels connecting the zero of the tide staff with the bench
marks. Wthout these |evels, no natter how accurately the plane is
determned on the staff, it is of no value for future use w thout being
transferred to the permanent bench mark. And in this transfer offi-
cers should not [ose sight of the fact that the levels nust be run with
extreme care. It detracts fromthe full value of the results to carry
lines of first-order levels throughout the country fromtidal bench

mar ks poorly connected to the nmean sea |evel determination on the tide

staff.

Another inportant step in our problemis the accuracy and nunber
of conparative readings between the staff and the tide curve. The
staff should be read once a day if practicable. This observation shoul d
be made with care and not hurriedly, as a correct estimation of the
true water level is not always easy when some sea isS running. Numerous
unbi ased staff readings throughout a series of observations will gen-
erally give a nean difference very close to the truth. In reading the
tide staff the observer shoul d be cautioned agai nst parall ax, espec-
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ially when a glass tube is used on the tide staff and the water surface
is at a considerabl e distance bel owthe place at which the observer is
standing. Qherwi se the readings may have a tendency to be too | ow
Anot her very inportant reason for visiting the gauge frequently is that
any break in the record will then be of short duration, and thereby any
considerable inferred tide curve will be elimnated.

As all the tide readings are predicated on a tide staff, the zero
of which is mintained at a fixed | evel, care nust be taken that the
copper covered backi ng piece be securely fastened to a stable construc-
tion. MNailing the tide staff direct to a pile should be avoided if
possible. The brass plate on the backing piece forns an auxiliary
bench mark and conveni ent step on which to rest the level rod. The stop
on the staff should be inspected at intervals to see that no displ ace-
nment has occurred due to cracking of the wooden base. This has been
experi enced at the Washington Prinary Stati on when vandals hit the staff
with some heavy object which split the wood, allowing the staff to drop
about three-tenths of a foot.

In the location of the float well care nust be taken to choose a
pl ace where there is sufficient depth of water at all times. It is es-
pecially inportant for datumplane studies and determ nation of ranges
that the extreme low tides be observed. Attention is called to the fact
that a greater depth of water is required to float a portabl e gauge
float than the standard gauge float, and due all owance nmust be made for
this. The intake to the float well rust be of large enough di amet er
to insure free access of the tidal wave. Broadening of the curve due to
| ocal waves is not undesirable, but rather shows that the tidal wave is
bei ng recorded accurately.

When a season's hydrography covers an area that necessitates the
establ i shnent of additional stations besides the primary station, the
sanme care nust be taken in the installation and nmai nt enance of these
auxiliary stations as with the standard stati on.

In addition to the requirenents given for the location of his tidal
stations, the officer nust in so far as practicable sel ect points where
the tidal regimes are permanent unl ess otherw se instructed by the of fice.

Finally, if an outside person is appointed tide observer, he shoul d
be carefully instructed in the care of the gauge and reading of the tide
staff. Records have been recei ved where the observer has interpreted
the scale graduations as feet and inches instead of feet and tenths, and
trivial defects in the gauge have been allowed to interfere with a com
pl ete record.

Cficers inpressed with the care necessary to secure accurate datuns
will, | amsure, cooperate with the end in viewof elimnating all un-
certainties at their tide stations so that the final datumdetermned
will be of a high order of accuracy.

In this connection it may not be amss to enphasize the fact that
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the office instructions for secondary tide stations necessarily give
m ni numrequirenents with regard to length of series. Frequently the
chief of party may find it possible to extend the lengths of such sec-
ondary series without material increase in the party's cost. Wiere
this can be done it is obviously advantageous.
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HYDROGRAPHY, ETC., INTHE FI FTHCENTURY B. C

Extract fromAN ACOOUNT G EGYPT (by Herodot us)
(Harvard d assi cs)

First when you are still approaching it (Egypt) in a ship and are
distant a day's run fromthe land, if you let dow a sounding line you
wll bring up nud and you will find yourself in eleven fathons. This
then so far shows that there is a silting forward of the |and. Then,
secondly, as to Egypt itself, the extent of it along the sea is sixty
"schoi nes," according to our definition of Egypt as extending fromthe
Qi f of Pinthine to the Serboni an Lake, along which stretches Munt
Casion; fromthis |ake then the sixty "schoines' are reckoned; for these
of men who are poor in land have their country neasured by fat hons,
those who are | ess poor by furlongs, those who have nuch land by par a-
sangs, and those who have land in very great abundance by schoi nes; now
the parasong is equal to thirty furlongs, and each schoine, whichis an
Egyptian neasure, is equal to sixty furlongs. So there would be an ex-
tent of three thousand six hundred furlongs for the coast |and of Egypt.
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Let these matters then be as they are and as they were at the first:
but as to the sources of the Nile, not one either of the Egyptians or
of the Libyans or of the Hellenes, who cane to speech with us, pro-
fessed to know anyt hing, except the scribe of the sacred treasury of
Athene at the city of Sais in Egypt. To ne however this man seened not
to be speaking seriously when he said that he had certain know edge of
it; and he said as follows, namely, that there were two nountains of
which the tops ran up to Sharp point, situated between the city of Syene,
which is in the district of Thebes, and El ephantine, and the nanes of the
nmount ai ns were, of the one G ophi and of the other Mophi. Fromthe m d-
dl e between these nountains flowed (he said) the sources of the Nile,
whi ch were fathomess in depth, and half of the water flowed to Egypt
and towards the North Wnd, the other half to Ethiopia and the South W nd.
As for the fathom ess depth of the source, he said that Psamreti chos,
ki ng of Egypt, came to atrial of this matter; for he had a rope tw sted
of many thousand fathons and let it down in this place, and it found no
bottom By this the scribe(if this which he told was really as he said)
gave me to understand that there were certain strong eddies there and a
backward flow, and that since the water dashed agai nst the nountains,
therefore the sounding-line could not come to any bottomwhen it was | et
down.
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THE STATUS CF FEDERAL OONTROL SURVEYS

WIlliamBowi e, Chief, Dvision of Geodesy, U S.C. & G Survey.

The horizontal and vertical national control surveys, consisting of
triangul ation and | eveling, which were started in this country about a
century ago, are assuning large proportions and are nearing conpletion
There are now 36,000 mles of arcs of triangulation and 75,000 m|es of
leveling in the fundanental control survey nets w th nany thousands of
nonurrent ed stations whose | atitudes, |ongitudes, and el evations are known.

The triangul ation of the first-order was begun shortly after the
creation of the U S Copast and Geodetic Survey, in the early part of the
last century, as a neans of strengthening the surveys nmade for use in con-
structing navigational charts. The resulting data were |ater used by
the U S Geological Survey as the basis for its topographi c napping.

They have been used in other engineering operations and now there is
scarcel y any engi neering work needi ng accurate positions, distances and
azimuths that is not based on triangul ation.

The level net of the United States had its start along the rivers
bei ng i nproved or controlled by the Corps of Engineers, U S Arny, and
inthe lines of levels run by the Coast and Geodetic Survey for the pur-
pose of furnishing elevations at the places where base lines for trian-
gul ati on were neasur ed.

For many years the leveling and triangul ation of the United States
were executed at a very slowrate. This was due to a lack of use for the
data, except for a few special purposes. However, wth the expansion of
the triangulation and level nets, demands for the results of the contro
surveys have been increasing rapidly and now the sentiment is w de-spread,
that the federal nets, calling for a 50-mle spacing of arcs of first
and second-order triangulation and lines of first and second-order |evels,
shoul d be brought to a conpletion in the very near future.

A few years ago a substantial increase was made in the funds to be
devoted to the triangulation and leveling nets and if an amount of noney
equal to that available for the fiscal years 1931 and 1932 were nade a-
vai |l abl e for succeeding years, the 50-nile spacing should be conpleted in
about eight years. Wen this has been done, no place in the country wll
be nore than about 35 mles froma triangulation station or a |eveling
bench mark. There is a denand for an even cl oser spacing of the arcs of
triangulation and lines of leveling. This sentinent was voiced in a res-
ol uti on adopted by the Board of Direction of the American Society of
Gvil Engineers at its nmeeting in Yellowstone Park, July 4, 1932. That
resolution called for a spacing of 25 mles instead of 50. It was sent
to the President of the United States who referred it to the Secretary of
Commerce. The latter endorsed in principle the recommendation of the
Soci ety.

During the fiscal year 1932, 3,400 mles of triangulation were com
pleted and 7,500 mles of first and second-order |eveling. These were
the largest additions to the control survey nets ever nmade in this country
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inone year and it is certain that such an anount of work has never been
done in one year in any other country. A part of the triangulation and
I eveling of the past year was cooperative work with the Corps of Engi-
neers, U S Arny. This consisted of an arc of triangul ation along the
M ssi ssippi R ver between Cairo, Illinois, and St. Paul, Mnnesota, and
an arc along the eastern shore of Lake M chigan and of leveling in
Pennsyl vani a, Del aware, and Maryl and.

The triangul ation and | eveling nets of the country necessarily had
to be done pieceneal. Arcs and lines were extended al ong certain routes
to neet special and |ocal needs. The plan of adjustrent followed by al
countries, including ours, has consisted of first adjusting existing arcs
and lines and then fromtine to tine fitting in newwork to the ol d.

This plan worked satisfactorily until the nets becane very nuch invol ved
with many closed | oops. Each piece of new work, that closed a | oop of
triangulation or leveling, had to take all of the closing error of the
loop. This resulted in an excessive anmount of correction being applied
to the newarcs and lines. Wiile this plan worked satisfactorily for
sparsely spaced arcs of triangulation and lines of levels, it did not
work well for nets that had many closed | oops. [In 1924 the triangul ation
nets seenmed to have reached a critical condition. Newarcs fitted into
the ol d adjusted work were forced to take heavy corrections. This unsat-
isfactory condition led the witer to devise a nethod for adjusting |arge
networks of triangulation. This method was adopted by the officials of
the Coast and Geodetic Survey and has proved to be a satisfactory neans
for adjusting the triangulation nets of the United States and Canada.

Begi nning in 1924 an adjustnent of the western half of the triangu-
lation net of the country, involving 12,000 mles of arcs and 16 | oops,
was started. The nost probabl e val ues for the geographic positions of
stations at the junction of the arcs were obtained in 1927. The remnai nder
of the adjustment, consisting of fitting in the sections of the net be-
tween the junction points, was conpleted, for the western half of the net,
in 1929.

I mredi ately thereafter work was started on the adjustnent of the
eastern half of the net. By the mddle of July, 1932, the work was fin-
ished. The eastern adjustment involved 13,000 mles of arcs of triangu-
lation in 26 | oops. After it had progressed to the point where the nost
probabl e val ues for the positions of the junction points had been found,
the Director of the Geodetic Survey of Canada recommended to the D rector
of the Coast and Geodetic Survey that an adjustment be nade of the com
bi ned triangul ati on nets of New York, New Engl and, and the provi nces of
Quebec and Ontario in eastern Canada. This request was conplied with,
for it was believed that it would be to the interest of both countries
to have the conbined nets adjusted as a single unit. The geographi c posi-
tions for the Buffal o-Trenton arc, resulting fromthe eastern adjustment,
were held fixed and the New Yor k- New Engl and- Canada net based on them
It is interesting to know that the positions of the stations at the junc-
tion points of this northeastern net are practically the sane as those
resulting fromthe eastern adjustnent.
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The readjustrment of the triangulation net of the country has upset
all geographic positions. This inevitably |leads to sone inconveni ence to
those who have used the old data, but everyone wll profit in the future
by havi ng geographic positions of stations and | engths and azi muths of
lines which will be held fixed for all tine as far as surveying, mapping
and ot her engineering work are concerned. Far greater confusion would
have resulted fromdel aying the adjustnent until sone future date

The triangul ation al ong the coasts is being tied into the nationa
triangul ati on systemby neans of arcs of first-order work extending i m
nmediately along the coasts. The old third-order work, used for the con-
trol of hydrographi c and topographic coastal surveys, is connected at
frequent intervals with the new arcs of first-order triangulation

As rapidly as possible the reconputati on and adjustrment of the
coastal triangulation will be made in order to nake avail abl e standard
or final data for the coast work. The triangulation data, inthe formof
descriptions and geographic positions of stations and |engths and azi mut hs
of lines, will be published in panphlet formas soon as practicable in
order that the results of the work may be of the greatest use to the engi-
neeri ng prof ession.

Lapl ace stations have been established along all of the arcs of tri-
angul ation in order to control the directions of the |lines. Those ex-
perienced in triangul ation have found that an arc will swerve to the
right or left for, apparently, no reason. This swerving may be due to
at nospheric conditions, probably tenperature effect, but it is difficult
to evaluate. The only practical method of overcomng the swerving is to
have what are called Laplace or true azinuths at frequent intervals along
the arc. A true azinuth is obtai ned by observing the astronom cal azi-
muth of one of the lines of triangulation and the astronom cal | ongitude
of the station were the azinuth observations are nade. Wth these data
it is possible to conpute the deflection of the vertical at the station
in question. A correction is then applied to the observed azinuth for
this deflection and a true azimuth, referred to the spheroid rather than
to the geoid, is obtained. In the adjustnent of the triangul ation net
these Lapl ace azimuths were held fi xed.

Base lines were nmeasured at frequent intervals along the arcs of
the net in order to control the lengths of the triangle sides.

The accuracy of the triangulation net is indicated by the small clos-
ing errors of the loops involved. 1In the western half of the net there
are 13 loops and the average correction to close the | oops was 1/450, 000.
There are only 2 loops in that portion of the net for which the closing
error was greater than 1/200,000. For the eastern half of the net there
were 26 | oops and the average closure was 1/193,000. One closure only
was greater than 1/100,000. It is probable that the |arger closing
errors of the eastern net were due to the snaller |oops. Necessarily,
the larger the |l oop the nore nearly do the accidental errors involved in
the triangul ation bal ance out. In any event, the net is so strong that
future triangul ati on can be undoubtedly fitted into it as now adj usted
wi thout disturbing the old work
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Several adjustnents have been made of the |evel net of the country,
the first one in 1899, but the large additions to the net in recent years
made it desirable to have a new adjustnent in order to get the nost prob-
abl e val ues of the elevations of the bench marks. Aplan sinmlar to
that used for the triangulation had for nany years been enpl oyed for the
level lines; that is, the old work was held fixed and the new | i nes were
adjusted into it. This eventually led to the necessity of applying un-
duly large corrections to the newwork for the new line closing a | oop
took all of the correction for the whole | oop. This nethod was the only
one practicable until the net had assumed such great proportions that an
adj ustnent coul d be nade whi ch woul d give standard or final values to
the el evations of the bench marks. 1In 1939 it was believed that this con-
dition existed. It was then decided to nake a readjustnent of the net.
For the first adjustment nean sea |evel at a single tidal station,

Gal veston, Texas, was held as zero and only the | eveling of the United
States was involved. The results indicated that there was a variation of
nean sea level at the many tidal stations along the Atlantic, Qlf and
Paci fic Coasts froma level or equipotential surface. The leveling was
strong enough to show clearly that these deviations actually existed.

Later an adjustnent was made of the conbined | evel nets of the United
States and Canada, involving 45,000 niles of lines of levels in the United
States and 20,000 niles of lines of levels in Canada. |In this adjustnent
a single tidal plane was again held as zero elevation. The results of
this adjustnent were conbined with the results obtained fromthe first
adjustnent and it was found that nean sea level at tidal stations to the
north was higher than at the southern stations, and it was al so found that
the average mean sea level for the Pacific stations was about two feet
hi gher than the average mean sea |evel for the stations along the Qul f and
Atlantic coasts. The deviation of mean sea |evel froma |evel surface
presented a very interesting and inportant problemto the engineers of the
Coast and Geodetic Survey. If only one tidal plane should be held at zero
el evation, the elevations of the net along other portions of the coast
woul d deviate frommean sea | evel as deternmined by tidal observations.

Oh the other hand, if nean sea | evel at each of the tidal stations was
held as zero there would be a distortion of the whole level net. After
long and careful consideration, it was decided that the only practicabl e
nethod to followwas to hold all tidal planes at zero elevations and this
was done for the conbined nets of the United States and Canada. Al t hough
this resulted in some distortion, the error per mle introduced into the
lines was so small as to be negligible in effect on any surveys, naps or
ot her engi neering activities.

What might be called the adjustnent of the North Anerican | evel net
has furnished el evati ons which, it is believed, can be held for all time
except in a few instances where the addition of new lines to the net may
result in closures of such nagnitude as to nake it advisable to apply some
of the loop closure to aline already in the net. Such changes will, no
doubt, be rare and in no case will they be made after data for a state or
region has been published. & course, it is possible that triangul ation
station nonurments and | evel bench marks nay be disturbed by earthquakes,
but such cases will undoubtedly be rare. Were an earthquake does occur
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and disturb the control data, new surveys will be nmade to furnish new
positions and el evati ons.

The rapid extension of the triangulation and | eveling work in recent
years has been due to a nunber of factors. Anmong themnay be nentioned
| arger appropriations. 1In 1900 the appropriation for the control sur-
veys of the interior of the country was $25,000 annually. This anount
was increased to $31,000 in 1913, to $55,000 in 1916, to $120,000 in 1919,
and to $326,000 in 1930. During the present year an even | arger anount
is avail abl e because of the appropriation of noney to relieve unenpl oy-
nment. Another factor -was the extension of the highways of the country
whi ch nake travel much easier.

Instrunents used both in leveling and in triangul ati on have been
greatly inproved. About 1900, officials of the Coast and Geodetic Survey
made a careful study of existing instruments and met hods enpl oyed on first
order leveling and reached the conclusion that a new instrument shoul d
be desi gned which would be Iess affected by variations in tenperature
than those in use at that time. Such an instrument was designed, and,
with a fewnodifications, it has been the standard for the fundarenta
I eveling of the Coast and Geodetic Survey during the past 32 years. Md-
ifications since 1900 have been, first, to pivot the telescope tube
directly over the vertical axis of the instrument and, second, to nake
the metal parts of the tel escope of invar.

A great inprovenent in the level rods has al so been nade. Woden
rods, inpregnated with paraffine to | essen the effect of noisture, were
used for many years but were found to be somewhat unstable. They were
replaced by a rod having a strip of invar on which the centimeter grad-
uations were placed. The foot of the newrod was so designed that it
could be supported on the heads of the spikes which fasten a railroad
rail tothe ties. Nearly all of our leveling is done over railroads, be-
cause of the |ower grades and because greater progress can be nmade than
over hi ghways, thus reducing the unit costs.

I n base measurenents an advance was nade in 1907 by the substitution
of invar tapes for steel. As invar has a tenperature coefficient not
greater than I/ Gh that of steel, neasurements of satisfactory accuracy
can be made with invar tapes during daylight hours. Steel tapes give
sufficient accuracy only at night or on cloudy days.

There has been a gradual devel opnent, during the past 30 years, in
the signal lanps used on triangulation. In 1902, acetyl ene bicycle |anps,
wi th condenser |enses, were first enployed. They proved far nore satis-
factory than kerosene lanps with reflectors, which had previously been used
to noderate extent. Later cane the autonobile acetyl ene headlights and
still later the autorobile electric headlights. For the electric head-
light a special contracted-filanment bulb was designed which gives a very
concentrated and a very powerful light. GOdinary dry cells are used to
furnish the electric current. Experinents are now being nade with dif-
ferent kinds of plating for the reflectors. Silver and nickel are excel -
 ent when new but soon tarnish and it is believed that chromum or sone
ot her non-corrosive nmetal, wll be nore satisfactory.



-19-

Fromabout 1895 until 1912, the standard theodolite of the Coast and
Geodetic Survey had a 13-inch horizontal circle read by three nicroneters.
These instrunents, which were made in the shops of the Survey, were ex-
cellent, as far as accuracy of results was concerned, but they were bul ky
and heavy and rather slow in operation. In 1912 the Coast and Geodetic
Survey began using instruments of a different type which were nmade in
Europe. They proved to be satisfactory as far as accuracy and ease of
operation were concerned, but it was thought that several inprovenents
could be made in the design. This led to investigations by officials of
the Coast and CGeodetic Survey, especially the late C V. Hodgson, Assis-
tant Chief of the Division of Geodesy, and D. L. Farkhurst, Chief of the
Instrument D vision, whichresulted in the Parkhurst theodolite, an instru-
nment with qualities superior to those of any other instrunent in exist-
ence wWith which this Bureau is famliar. This instrument was described
by the witer in the June, 1932, nunber of G vil Engineering, under the
title "Standard Theodolite of the United States Coast and Geodetic Survey."
Wth this theodolite the nain schene observations at a station can be
conpleted within an hour, if the lights at the other stations are suffi-
ciently bright and visible continuously. It is seldomthat nmore than two
hours are necessary to nmake these observati ons.

Triangulation is now carried on by large parties. Each of two
parties nowin the field is using four instruments simltaneously. A
times observations are conpleted at four stations on a single day. A
progress as high as 300 mles per nmonth has been nmade by a triangul ation
party. A notable exanple of rapid work was the triangul ati on done by a
party using only three theodolites along the Mssissippi R ver fromGCairo,
Illinois, northward to St. Paul, Mnnesota, between May 8 and August 18,
1932. The tinme el apsed between the first and | ast observations was 102
days. The length of the arc along the central axis was 640 nmiles. There
were 147 stations in the main schene, 52 supplenental stations for con-
nections to state boundaries and to existing triangulation of a | ower
order, established by the M ssissippi R ver Commission, and 139 inter-
section stations.

A party started observations near Providence, R |., on May 19,
1932, and by the 10th of August had conpleted its arc of triangulation
westward to New York Gty and southward al ong the Atlantic Coast to Cape
May, New Jersey.

The horizontal and vertical control surveys of the country have be-
come a public work, recognized by the engineering profession as of prime
i nportance. The results are not only needed for engineering operations
but they are being used nore and nore as the basis for cadastral surveys.
The use of triangulation for the latter purpose will elimnate such con-
fusion and litigation in the boundary surveys of public and private
property. It can be seen, therefore, that what was popul arly considered
as only of scientific inportance a few decades ago will soon be of
proved practical service to nost of the citizens of the country.
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COCRDI NATI NG THE TR ANGULATION I N THE
VIANTY CF NORFOLK, VIRGA N A

G D Cowie, H &G Engineer, US C &G Survey

(Shortage of funds nmade it inpossible for the LYDONIAto operate
on a cruising basis during the winter of 1931-32 and she renai ned
at Norfolk, Virginia. Advantage was taken of her partial lay-up to
use the personnel to coordinate the numerous schemes of triangul a-
tion in Hanpton Roads and in each of its several navigable tribu-
tary streans. A considerable portion of this control has been es-
tablished by the U S. Engineers and while, for the nost part, it
is of satisfactory accuracy and wel | marked, the existing connec-
tions were not adequate for conputing and adjusting themon our
datum The LYDONIA S assignnment to this work came at an opportune
tine for the new first-order Atlantic Coast arc had just been com
pl eted and reconnai ssance was about to be nmade for a first-order
arc up the James River. This enabled Lieut. Comdr. Cowie to so
lay out his coordinating schene as to pernit connections to be
made to it by the first-order party when towers were erected in
connection with the observation of the first-order Janes River arc.
This arc has recently been observed and all connections necessary
to adjust the entire net on the 1927 datumhave been nade. The
acconpanyi ng sketch shows how the coordinating schene binds to-
gether all of the snall third-order schemes and is in turn con-
nected to the first-order Atlantic Coast and Janes R ver arcs.) Ed.

During the winter of 1931-32 the party on the LYDONI A was assi gned
the project of coordinating all previous triangulation in the vicinity of
Norfolk, Virginia. This called for second-order triangulation to tie in
all previous York of the Coast Survey, the 17. S. Enhgi neers, and the
James River Bridge triangulation, as well as to provide for future con-
nections with first order triangulation on the James River and at
Chesapeake Bay entrance. It was furthernore stipulated that this survey
shoul d be made in as economcal a nanner as possible, no tall signals
to be erected if they could be avoided. This nade it necessary to occupy
existing structures such as |ighthouses, water tanks and hi gh buil di ngs,
with the natural result that nmain scheme figures were somewhat irregular
al t hough of required accuracy.

Connections were desired at each end of existing triangul ation
schemes up each river. To nake line connections to these small schenes
fromthe large main scheme in sonme cases necessitated strengths of figures
of only third-order accuracy. Line connections at the heads of sone of
the rivers were not practicable since these woul d have required 100-f oot
towers and weak figures. At these places azimiths were carried through
and base lines measured to give a | ength check.

e of these |locations was at Geat Bridge, Virginia. Second-order
station RRCHMOND was to be connected to third-order stations CAN and LOCK
1912 and to first-order station GREAT BRI DGE 1932. Regul ar quadrilaterals
could not be used without tall signals. Single triangles were used in
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part of the connection, but in each case a base |ine neasurenent was nade
of one side of the triangle. In the sketch showing this connection, the
i nes LOCK- PATH and PATH GREAT BRI DGE were neasured in the usual nanner
of base |ine measurenent.

At the head of Eastern Branch of the Hizabeth R ver the connection
was a | ine connection, but rather weak. To inprove this, a base line
was neasured and connected with two of the old 1913 stations nearby.

At the head of the Nansenond R ver where a connection was desired
with the work of the U S. Engineers, two nethods were open. (One, to
connect by triangul ation using several tall towers - the other, to con-
nect by traverse using several snaller towers. The |atter nethod was
used after sone time had been spent on reconnai ssance for a triangul ation
connecti on.

Starting fromstation SUFFOLK of the 1918 Prinmary Traverse, the line
was carried to stations JACK, 1932, and BLUD, 1932. Fromthema single
triangle connection was nade with station NBP (U.S. E. ), and the azimth
of the line NBP - NBO determned. As a |line connection could not be
nmade economcally at this point, a base |ine measurenent was nade of the
line NBU - NBS, nearby. The 1918 traverse |line had been connected with
third-order work on the south branch of the Hizabeth R ver and in 1932
with first-order work of C. D. Meaney.

The length connections with previous work were satisfactory. The
azimuth and position connections in a few cases indicated that some pre-
vious work was as much as twenty feet out of position.

I n maki ng use of tanks and lighthouses it was found that set-ups on
the bal conies were undesirable. D fficulty was had in closing triangles
and it became necessary eventually to occupy the tops of the tanks. It
was found that in nost cases the instrunment could be nounted over the
center of the tank and the observer could stand or kneel on portable |ad-
ders hung fromthe top of the tank. These set-ups, while awkward for the
observer, were sufficiently stable to permt the required accuracy of ob-
serving.

Cbserving was done with the new Parkhurst 6-%inch, second-order
direction theodolite or with a 7-inch Berger repeater. The former was
much nore satisfactory. Lights or helios were used on the long |ines.
(nh the shorter ones pole targets were used. On very short |ines a piece
of white cord, wth a black background, was sighted on.

About 150 points were | ocated and about three tines this nunber can
be reconputed and pl aced on the same datum

Two sketches of the new Parkhurst 6-% i nch second-order theodolite
are shown on the follow ng pages.
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To remove Alidade

Turn Contact Cup A to left and detach. Not necessary to disconnect electric wires. Remove
Nut 8. Note if Guard Ring C is present. If s¢. turn to left in same manner as Cup A, and remove.
{In most instruments this ring 1s omitted)

Lift Alidade straight up, carefully. If it appears to stick, it is probably due to the suction of
the pil.  Turn Alidade back and forth, ifting up slightly. Dont turn if it binds, but press upward on
lower end of vertical axis.

Circle may be removed ‘or cieaning and oiling by removing Nut E. Under no conditions,
disturb Screws F, as they control the eccentricity adjustment. °

To clean vertical Cucle, remove Nut G, Reading Glass Holder H, and lift off carefully. Dust
with camel's hair brush.

Verniers may be reached by removing two screws holding Slow Motion Lug and one screw at

top of Circle just under finger far Striding Level. Guard Ring can then be litted off without disturb.
ing Level or other parts.

R-272
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To clean clamp, loosen both Screws D which do not come all the way out, and pull halves of
clamp apart. Clean carefully, oil and replace. When oiling either Clamp or Vertical Axis, clean
with lint-free cloth. and use only fight, clean oil as furnished with instrument.

Do not touch fingers to graduated surface of circle. Use camel's hair brush for dusting.

Do not tighten clamp screws too hard, It is not necessary.

R-272
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ALUM NUM MOUNTED TCPCERAPH C SHEETS*

J. C Partington, Jr. H &G Engineer, US. C &G Survey

During the sumrer of 1932 three al um numnounted sheets 24" x 30" were
used for a topographic survey along the north shore of Long Island Sound.
These sheets were the first of their kind used by the witer and a report
is herewith submtted.

The projections, on a scale of 1:10,000, were laid down and verified
on these sheets in March, June, and July of 1932. D stances of 7,000
nmeters and 5,000 neters were placed on the sheet normal to each other at
the sane tine as each projection was made. |In Decenber, 1932, the projec-
tions were again checked and found to be correct. The distances of 7,000
nmeters and 5,000 neters were scal ed again in Decenber and it was found
that the maxi mumerror was 2 neters. This error is probably due to en-
larging of the holes in the paper rather than to actual distortion of the
sheet.

Each sheet was used in the field for approximately one month. Very
little rain was encountered during the season, but occasionally a sheet
woul d becone danp frommst. At these tines the sheet was measured and
showed no distortion. It was also found that the al umnumnounted sheet
does not becone soft in danp weather and is nore inpervious to water than
t he What nan paper.

The advantages of the al um numnounted sheet as conpared with the
What nan sheet are as fol |l ows:
1. No distortion.
3. Can be used in strong w nds.
5. More inpervious to water
4. Details can be inked nore clearly.

O the al um numnounted sheet traverses can be run w th confidence
and cuts can be nade to pass through a point. Three point fixes are |ike-
Wi se nore accurate than on a distorted sheet. The al um numnounted sheet
shoul d be especially advantageous in planetable triangulation and in |ocat-
ing distant peaks by cuts.

The al um numnounted sheet presents |ess wind surface and there is
no flapping of the rolled portion of the sheet as in the old type of
What nan paper. Wter does not cause the sheet to winkle or take a per-
manent warp, a condition so common with the Wiat man sheet. On account of
the finer texture of the paper, the al um numnounted sheet has a better
surface for inking than the old type of paper. The finer texture of the
paper, however, causes nore glare to the topographer when the sheet is
exposed to the sun and this is the chief disadvantage of the sheet.

The new type of al um numnount ed sheet has been changed so that the
sheet does not fasten to the planetable board by screws as formerly. The

e v e Cum mve eTe Wiwn miam men e mmw wow mo mean esm e i e mim e mm mim wm amm e weee  mewm bwww  amae W e el whe v e

*For additional reports of tééts on al um numsheets, see June, 1932;“
Bul | etin, page 30.
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new sheet has a working surface of 30" x 23" which increases the effec-
tive area by 4 per cent. This sheet is backed by Bristol Board having
the same qualities of expansion as the opposite side of the sheet. This
sheet could be fastened to the planetable board by neans of a netal

clamp along the edge of the board with a wing-nut on the under side for
tightening. It has also been suggested that a heavy rubber band be
stretched along the edges of the sheet and table for holding the sheet

to the board. The metal clanps would probably be preferable if the

pl anetable is subjected to rough usage on account of the added protection
to the edges of the sheet.

TALL WOODEN TRI ANGULATI ON TOAERS

(Extract from Season's Report of C. A Egner on survey of Chowan
River. Reference: Field Engineers' Bulletin, June, 1932)

****Many valuable things were learned in the building of these towers
by a personnel already unusually experienced in such work

(1) A4" x 4" leg section is heavy enough to support a tower 120 feet
high IF (a) tower be symetrical so that the legs are true colums, (b)
| ower two bents are not greater than 12 ft. and 10 ft. with 2" x 4" diag-
onal s used throughout these two bents, (c) 1" x 4" lacing strips are used
infirst two bents. (b) and (c) give stability and rigidity.

(2) Towers nmust be symetrically and properly guyed though not
heavily so, No. 10 galvanized wire is heavy enough.

(3) Tripods with four sided outer scaffolds provide the best structure.

In one case a tower 84 feet high was constructed as two tripods,
outer and inner. There is a slight saving in [umber, but not so much as
one woul d suppose since the outer tripod nmust be appreciably larger to
give clearance. The main objection to two tripods is the difficulty in
guying symetrically without interference

(4) Speed of erection is prinmarily determned by the number of avail-
able "top" men.

It was found that a party of 1 officer and 5 men was greatly supe-
rior to 1 officer and 4 men as the additional man on the scaffold speeded
things up very much by making it |ess necessary for a man to nove from
one corner to another, which always nmeant a | oss of tine.

(5) Short leaf pine, in the south, is best. While its life is
shorter than long leaf, it lasts long enough and is much |ighter, takes
nails better, dries nore quickly and warps |less. Poplar, if straight,
is good scaffold |umber.

(6) No attenpt should be made to frame nore than 40 feet on the
ground before erection. If tried it will mean a loss of time in raising
and very likely a sprung or twisted structure. |In fact, the nost synmmet-
rical structures resulted when only the first bent was framed on the grounds
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THOVAS ALEXANDER HARRI SON (1853-1930) - A TR BUTE

Charles H Deetz
Cartographic Engineer, US. C, &G Survey

Abrief tribute to a fornmer Coast Survey officer, who received his
early training in our bureau, nmay be of interest not only fromthe fact
of having received here his foundation in drawing and art expression, but
also fromthe inpress of his services upon the devel oprent of art, and
their resulting benefit to mankind.

Thomas Al exander Harrison was born in Phil adel phia in 1853. He en-
tered the field service of the Coast Survey and served as Aid from1874
to 1878; but, like Wiistler, also of the Coast Survey, left for Paris to
study art. He entered the Ecole des Beaux Arts in 1878 and was a pupil
of Gerome. His early career was very simlar to that of Wiistler in in-
viting friction with his superiors, matters which need not be related here
as both he and Wi stler achieved international fane in later years.

A nunber of topographic sheets of the rugged coast of Miine and pl acid
Florida attest his adaptability to the pursuit of art. H's last duties
in astronom cal work along California s coast added to that know edge of
| andscape and the sea which was reflected in his later art career. As
stated by hinself, "In ny case, the delight in the sinple and unconsci ous
motif —often the lonely nmotif —is perhaps the result of ny far-away
Coast Survey life."

Nat ure, which sonetines lends an irresistible bias to the m nd,
averted the doomof a doubtful future scientific career in the work of the
Coast Survey. Born an artist, his natural inclinations were to devote
hinself entirely to that talent for which he was soon to becone so eni-
nently distinguished. It was the urge so beautifully expressed in the
l'ines of John Janes Ingalls, entitled:

Qoportunity
Mast er of hunan destinies aml!

Fame, love, and fortune on ny footsteps wait.
I knock unbi dden once at every gat e!
If sleeping, wake —if feasting, rise before
| turn away. It is the hour of fate.

Having followed his star to Paris, Harrison soon becanme associ at ed
with leaders of modemand progressive ideas in that city. He valiantly
held his own with all of them In the realmof color he was the nost
schol arly, and has been the neans of influencing not alone his American
friends but the art of the Continent. Wth his early training in the
Coast Survey, he was able to introduce a direct and realistic transcript
of nature. This is nmost striking in his surf pictures, in the beauty of
the curling breakers and the flattened waves chasi ng each other in their
successi ve curves over the smooth sands under poetic conditions of |ight
and col or.
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By his searching study of the phenomenon of wave fornation and the
reflections of sun, nmoon, and clouds upon the ever-changi ng surfaces of
the incomng waters, he has given us a new kind of picture and has made
hi msel f a master in this kind of subject. He is one of the best narine
painters of his tine, and as a painter of surf has no equal, his fane
resting upon this line of art. To seize such phenonena of nature in their
conpl eteness —things so fickle and so hard to arrest because they will
not wait and pose —he was the best of themall. He was the first to
grasp marine colors technically. The rendering of the waters, the crysta
transparency of the billows, the vibration of lights were so extraordi -
narily faithful that one was tenpted to declare the water of others abso-
lutely solid conpared with this el emental essence of noisture. The heav-
ing and subsiding waters, the foaning revel of the waves, the enchantnent
of distance in |andscape and sky in sequence of color, are all character-
ized with grace in a new techni que.

Among his earliest paintings, and still one of his best works, was a
figure-pi ece which was called "Chat eaux en Espagne,” It was sent to the
Paris Salon in 1882 and attracted attention for grace of line and col or.

Anot her painting, entitled "Le Oepuscule." represents a narine view
under the effect of noonrise. It attracted great attention at the Sal on,
and received a prize of $2500 at the Amrerican Art Associ ation, New York,
in 1887.

In one of his finest subjects, "The Wave," now i n the Pennsyl vani a
Acadeny, the hue of the foamand curdl e are described, "not white as the
ol der painters would have represented them but attenuated tones of the
sane bl ue which pervades the mass of water" -- blues delicate in fine
nuances |ike nother-of-pearl or opal. This painting is described as hav-
ing a subtlety of detail and a sensitive rendering of the | oveliness of
the ocean in one of its softer noods. Excellent photographic reproduc-
tions of it are available by one of the art corporations. The painting
"En Arcadi e" should al so be nentioned as it unquestionably has been the
popul ar favorite in the Arerican artist section of the Luxenbourg gallery
of Paris.

Through his early success at the Sal on, he nmade the acquai ntance of
Basti en- Lepage, well known painter of portraits and rustic subjects, who
becanme his intimate conrade. Like the latter, he belonged to what is known
as the out-of-doors section of French art and spent nost of his sumers
on the coast of Brittany. Wdely known in the Mntparnasse art col ony
where he was regarded as the dean of Anerican painters, he died in his
studio Cctober 13, 1930. He had lived in Paris for nearly half a century
and his paintings are found in many of the noted galleries of tw heni-
spheres.

He received nmedal s fromthe Pennsyl vani a Acadeny of Fine Arts,
Phi | adel phia, San Franci sco, and fromMuni ch, Brussels, Vienna, and el se-
where. He became Chevalier in 1889 and Oficer of the Legion of Honor in
1901, and Oficer of Public Instruction by the French Government. In
the roll of honor of Anerican artists, his name is worthily placed anong
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the first, not al one because he has been so profusely nedal ed and dec-
orated, but because his art is inportant, his style individual, and his

i nfl uence so consi der abl e.
% k %k ok ok % % 3k sk %k

ED TOR AL FROM KETCH KAN, ALASKA, CHRON CLE
Fri day, Cctober 21, 1932
THE COAST SURVEY

Ve wonder if the people of this district realize the great debt of
gratitude that they owe to the Coast and CGeodetic Survey. |Its opera-
tions year after year have gradual |y brought to the charts the accurate
i nformati on needed by the thousands of boatrmen in this district.

None w |l dispute the magnitude of the work. It nust be done wth
great care, so that the nmost surprising thing about it all is that so
much work has been so well performed in the years that have passed.

ly this season, for exanple, the EXPLCRER under command of Cap-
tain G C Jones has nade a detail survey in the Duke Island vicinity.
The southern coast of the island, as a result, wll undergo considerabl e
change on the next charts to be issued, thereby giving accurate and val -
uabl e information to the trolling fleet or to others using those waters.

Not only that, but the crew of the vessel has spent considerabl e
tine endeavoring to determne the exact nature of the magnetic disturb-
ance in that district which deflects conpasses so greatly as to cause
serious accident to those unaware of the nmagnetic field. Infornation to
be given on that subject alone is well worth the survey.

O the whol e, we believe that Ketchikan really does appreciate the
work that has been and is being carried on. But it is well to remnd
ourselves of its worth occasionally else we take it too much for granted.
That is why it was good of the Chanber of Commerce to pass its resol ution
comvendi ng the work of the EXPLCRER S crew. In that commendation, we
believe all those who live in the district will join whol eheartedly.

NEWTYPE CF SI GNAL LAWP

A new type of signal lanp of snall size for use on short lines is now
carried in stock. Sone officers will recall the lanps made up a few years
ago in which a flashlight was mounted in a tenporary wooden box. As this
sort of |anp seermed to nmeet a genuine denand, a new |anp was designed. It
consists of a focusing head-lanp which is identical with the usual focus-
ing flashlight reflector element. This is nounted in a wooden box and has
the sane design of connecting bolts which are used with the regul ar signal
| anps, so that these srmall |anps may be used in conjunction with them
The reflector may be nmoved to a considerable angle in the vertical plane
by neans of a handl e which extends to the back. The lanps are normally
furnished with a 6-volt bulb and current is supplied fromthe usual bat-
tery source, through a couple of binding posts nmounted in the | anp, which
have non-det achabl e heads.
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TREATMENT CF ROCKS ON HYDROGRAPH C SURVEYS

A L. Shalow tz, Cartographic Engineer, U S. C &G Survey

It frequently happens that survey sheets comng into the office
carry conflicting infornation regarding the character of certain rocks,
as for exanpl e, the topographic sheet mght refer to a rock as "Bare 6
at ML.L.W" and the hydrographic sheet will refer to the sane rock as
"Bare 8 at HW" Wth an approximate 9-foot range of tide, there is a
di screpancy of 11 feet between the two notes. Chviously it is inpossible
to reconcile such differences in the office. Even with the nost reason-
able interpretation an el ement of uncertainty always renmains. To assist
the verifier in such cases, as well as in other matters pertaining to
rocks, certain practices have been adopted in the Section of Field Records
which it is desired at this tine to restate:

1. The locations of rocks bare at high water and rocks awash bei ng
visible are as a rule accepted as correct on the topographic sheet and
are sel domnodi fied by the hydrographic survey.

2. The locations of sunken rocks are accepted as correctly indicated
on the hydrographic survey and only in exceptional cases are they nodi -
fied by the topographic determnation.

3. Rocks and ot her hydrographic data indicated on the boat sheet
but having no other authority such as the topographic sheet, the sounding
records or the descriptive report are usually transferred as such to the
snoot h sheet .

4. Descriptive notes relating to rocks bare at high water are gen-
erally accepted fromthe topographic sheet and only in cases where there
i s unm stakabl e evidence that they are incorrect are they nodified by
the hydrographi c survey.

5. Notes relating to rocks awash giving the anmount they bare at
the plane of reference are taken fromthe hydrographi c survey except in
those cases where the notes in the sounding records are anbi guous, in
whi ch case the topographic description is accepted.

6. Notes relating to sunken rocks or breakers appearing on the
t opogr aphi ¢ survey are always subject to modification by the hydrographic
survey.

7. Al hydrographi c or topographic infornmation appearing on the
hydr ogr aphi ¢ snmoot h sheet but not on the boat sheet, and if unsupported
by the sounding records, the topographic sheet or the descriptive report,
is usually removed fromthe sheet. It is therefore necessary that any
such information obtained by the field party subsequent to the regul ar
prosecution of the survey be given special mention in the report on the
sheet.

Regarding the matter of recording notes relating to rocks, it is
suggested that all notes in the sounding records be entered so as to
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refer to the rocks as of the tine when they are actually observed and

not what they woul d bare at some plane of reference. This practice

woul d avoid a great deal of confusion when the sheet is verified in the
office. It is asinple matter for the cartographer to conpute the

anount that a rock will bare at ML.L.W when the height of the rock at

a certain stage of the tide is given, but when the note reads "rock bares
5 feet HW" and the height of the tide at the time is considerably bel ow
HW, there is always a possibility that the plane of reference has been
confused, particularly when that note can not be reconciled with inform
ation fromanot her source

As a corollary to the above it follows that when cuts are taken to
locate a rock, the rock shoul d never be referred to as "rock awash" un-
less it is actually awash at the tinme the note is entered in the sound-
ing record. If it is desired to refer to the same rock at a | ower or
hi gher stage of the tide, it would be better to designate it as "rock
near ® "Al" or by some other identifying terminstead of by "rock awash
near ® "Al." Unless this is done, confusion is inevitable. A case that
has recently come to the witer's notice referred to a rock as "awash"
at three different stages of the tide, towt, at lowwater, at 6 feet
of tide and at 9 feet of tide. Were several cuts are taken that do not
intersect in a point, such notations frequently raise the question whether
one or nore rocks are intended.

k Kk k ok ok %k & K ko k ok

NOTES ON THE USEFULNESS CF M SCELLANEQUS SURVEYS AND MAPS
AND THEI R APPLI CATI ON TO CHARTS

(The following is quoted froma letter to one of our field stations
regardi ng the useful ness and application to charts of m scel | aneous
surveys and maps. This information suppl ements to sone extent that
contained in Grcular Letter No. 3 (1928) which is also reproduced here
Proper evaluation, on the part of field officers, of material of this
nature, coupled with sufficient information to apply that which appears
useful for charting purposes, would reduce naterially the problens of
the over-burdened section of the Chart D vision which handles this
phase of chart correction.) Ed.

The blue-prints forwarded are for the nost part lacking in conmon
points, making it difficult, if not inpracticable, to apply themto the
chart. In many cases they apply to areas which are shown only on snal
scale charts and the resulting corrections are al nost inperceptible.

An exam nation of a blue-print and a conparison with the chart shoul d
easily determne whether there are sufficient cormon points to neet the
requirements. In case you obtain blue-prints which are lacking in such
control, it is suggested that you |l ocate the necessary points, if prac-
ticable; otherw se keep a record, either on a chart or in some rmanner,
and when a sufficient nunber of such changes has accurul ated in any area,
a detailed recomrendation for a resurvey is indicated.

However, if a print contains vital information which should be shown
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i medi ately on the charts, even an approximate position is better than

none. In judging the inportance of any information, do not exaggerate
the inportance of topographic details. -- information regarding streets,
wharves, etc., is not nearly as inportant as infornation regardi ng dept hs

in channel s, obstructions, etc. The correct |ocation of a single |and-
mark is of more inportance than correct |ayout of streets.

It is not safe to assume that street intersections shown on the
chart can be used for common points to apply extensive or inportant addi-
tional information, because such details have often been applied in
approxi mate positions fromother blue-prints with i nadequate control. In
fact, triangulation stations are the only points which can be used with
assur ance.

Summarizing, if aprint shows inportant differences in depths, chan-
nels, etc., whichwould require imediate charting, send it in at once
whether it conplies with the requirenents or not, taking such steps as
nmay be practicable to obtain additional information. |f the information
is of sufficient inportance and we can not chart the blue-print in detail,
we woul d place a note on the chart or resort to sone other expedient.

If the blue-print contains only topographic details, it should com
ply approximately with the requirenents for our own topographi c sheets.
If deficiencies in control, etc., can not be supplied, the print is of
no use to this office and should be retained in your office as a basis
for recomrendation for new surveys. W have found that very few prints
by other organizations nmeet these requiremnents.

In regard to prints show ng proposed work, we have found from exper-
ience that it is dangerous to use themeven when acconpani ed by a state-
nment that the work has been conpleted. It is therefore highly desirable
that surveys after conpletion of the work be obtai ned where practicabl e.

Aprint received at this office is examned with the assunption that
the officer sending it in has examned it and considers that it contains
information to be charted —practically a recomrendation that the inform
ation be charted. For this reason, even though a cursory exam hation in-
dicates that the print is either unchartable or of little charting val ue,
a careful exanm nation and conparison are required before it can be re-
jected. Such consideration frequently consunmes nore time than the appli-
cation to the charts of a whole survey. Unless field officers use con-
siderabl e discretion in elimnating unessential and inferior data, this
unprofitabl e work causes serious congestion in a section in which the grow
i ng congestion has been repeatedly pointed out in the Annual Reports.

O ROWLAR LETTER NO. 3 (1928)

Wherever blue-prints of plans of inprovenents, street |ayout, or
maps of a simlar nature, are obtained by a field party in connection with
the revision of a chart, or topographic sheet or as supplenent to a new
topographic field sheet, an exam nation shall be nade on the ground to
determne and note which features shown on the plan represent actual con-
ditions. Those features which do not exist but are projected only or
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whi ch have been altered in location during construction shall be so
nmarked on the plan. Explanatory notes shall be nmade wherever necessary
for a conpl ete understanding of the conditions at the time of the survey.

Checks on the accuracy of the plan will depend upon the type of plan
and the features shown. Features which are for the use of the navigator
are inportant and nust be located by the topographer independently from
the plan. A sufficient nunber of points on the plan nust be deternined
to enable the cartographer to orient and adjust the plan to the chart.
Three determned points, separated as widely as possible and fornming a
wel | conditioned triangle, give excellent control. These points nust be
tied into control points either previously established or |ocated by the
t opographer at the tine.

The topographer or chief of party shall state over his signature the
fact that an exami nation has been nade on the ground and the actual exist-
ing conditions have been noted on the plan. The date of the exam nation
shal | be shown.

T R E R EEEE"

UNUSUAL APPLI CATI ON CF THE W RE DRAG

An unusual ly interesting application of the wire drag was the | oca-
tion on January 6, 1933, of an airplane which had crashed into the waters
of Broad Sound off the entrance to Lynn, Mass. The accident happened on
Decenber 29 about 4:00 P.M, and, in an endeavor to | ocate the plane and
recover the bodies of the two passengers who had presunably gone down
withit, every possible type of tow ng apparatus except the wire drag had
been used by the Coast Quard and private agencies working al most contin-
uously but without success. Heavy wire cables were towed between two
Coast Quard patrol boats and various arrangenents of grapnels, nets,
etc., had been tried.

After suitable arrangenents, Captain N H Heck and Lieutenant (j.g.)
J. C Partington arrived at Boston on Friday norning, January 6, ready
to undertake the search. They were net by Lieut. Commander K T. Adans,
in charge of the Boston Field Station, who had in the neantime arranged
with the Coast Quard for the use of vessels and personnel. Wre drag
equi prrent had been taken to Lynn by truck. The boats used were two
75-foot Coast Quard patrol boats, rather large for the work but with
adequate personnel. Al those who have done wire drag work will appre-
ciate the very great difficulty of setting out a drag with two |arge
boats without any facilities for setting out or picking up the wre.
However, the drag was gotten out, but through | ack of sufficient exper-
i enced personnel, went aground on a charted rock. It was cleared and
by two o' clock it was hard and fast on some object in the vicinity of
where the plane was supposed to be.

An accidental injury tenporarily incapacitated Captain Heck, but
the tow boat was put in place and the diver went down. After Captain
Heck' s return fromLynn where he secured nedi cal treatnent, he sounded
in the vicinity and probably placed a lead on the plane. Wen the drag
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was taken up 200 feet of ground wire were left attached to the pl ane.

A severe gal e suspended operations Saturday, but they were resuned
on Sunday norning. A considerable area had been dragged when the diver
brought up a piece of the plane where the drag had caught on Friday
and the search was ended. The wire was caught on the pl ane about 8
feet off the bottom a fortunate circunstance since, owng to the flat,
rocky bottom it was inpossible to bring the wire too close to the bot -
tom The part of the plane which struck was badly wecked, but the
after-part was intact and little damaged so that there was plenty for
the wire to catch on. Though only one of the two bodi es was recovered,
this, of course, had no bearing on the success of the operation of find-
ing the pl ane.

Extract fromBoston Post, January 9, 1933.

****  The l|ocating of the plane proved a singular triunph for the
United States Coast and Geodetic Survey, called in follow ng seven days
of fruitless conbing of the harbor. A dragging device, invented by
Captain N H Heck of Washington, D C, was sent to the sceme fromStam
ford, Conn., arriving here Friday.

"Wthin tw hours after arrival, Captain Heck and Lieutenant J. C
Partington, also of Washington, both attached to the United States Coast
and Geodetic Survey, located the wecked plane. Because of rough weat her
Sat urday, however, divers were unable to go below. Wth a cal msea, yes-
terday, the plane was quickly placed." ****

*k ok ok ok ok ok ok ok ok ok

PECULI AR REFRACTI ON OONDI TI ON AT BEAR MOUNTAIN, N. Y.

C A Egner, H &G Engineer, US C &G Survey.

Anticipating the customary "anvil chorus" which always arises when a
reason is ascribed to an experience in the field which is quite incapable
of proof, let it be here stated in advance that no defense will ever be
made in support of the follow ng:

BEAR was | ast summer a station of the Hudson R ver Second O der
Schene of triangulation. A scaffold 30 feet high was erected on the high-
est point of this nmountain, which is about 1,450 feet high and fairly
round on top, so that in all directions the ground sloped somewhat down-
hill fromthe station. The height of scaffold was sufficient to clear
surroundi ng trees though no doubt the foliage accentuated the refraction
and heat waves on sone |ines.

The Hudson River at this point is narrow and canyon like and to the
sout heastward takes a sharp bend to the west, broadening out in the vic-
inity of Peekskill. Anyone who has taken a boat trip in this locality in
wi ndy weather is well aware of the violent air currents (called willy-wahs
by some) through this canyon. Drectly across fromBear Muntain is a
prom nent headl and known as Anthony's Nose which rises directly fromthe
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river to about 900 feet.

It always happens that clear weather is encountered in this area
only during a westerly or northerly breeze, haze and snoke fromMNew York
and the large cities of New Jersey bei ng bl own over these nountains by
any southerly breeze. It results, therefore, that triangul ation observa-
tions are possible in daytime only during breezes fromthe forner quadrants.

Lines fromthe station fall fromdue north around through the east
to nearly due south. The promnent headl and, referred to above, Anthony's
Nose, divided the stations half and half roughly on an east-west |ine.

M. Sammons, the first observer on this station, had a perfectly
clear, sunny day with a strong due west breeze. This breeze, therefore,
struck normal to the north and south lines and at an angle to the diag-
onal lines. The observations were conpleted in daylight and all |ocked
good fromthe way the angles agreed and the horizons closed. Pointings
were nmade on helios on two stations, on poles on the renai nder.

When the triangles were conputed around this station, there was con-
sternation when sone closed as much as 17 seconds in error. Analysis to
locate the trouble, in spite of the apparently good observations at Pear
Mount ai n, indi cated much of the error to be there. However, other sta-
tions being easier of access, were reoccupied first with no indications
of troubl e el sewhere except in a mnor degree.

M. Bull reoccupi ed Bear Mountain on a clear, cal mday, but was un-
able to point on all stations. He found, however, that the large errors
were at the station.

Inall, five reoccupations of this station were nmade, but in no case
were the conditions as favorable as on the day M. Bull observed; other
days had westerly or northwesterly winds in varying degrees. A mass of
observati ons, sone good, sone bad, resulted. In the final results nmany
were rejected. Least squares, which sonme wit characterized as "a happy
neans of putting errors where they don't bel ong" may disclose that sone
good ones were rejected and vice versa.

The interesting part is that it appears that the wind in conjunction
with the atnmospheric condition obtaining in the river below actually bent
the lines, and nore interesting is the corollary conclusion that this
effect, as disclosed by the triangle closures, acted in proportion to the
angle made with the direction of the wind. Anthony's Nose split the field;
directions on north lines being made greater, on south |ines nmade | ess.

As made clear in the first paragraph, there is no disposition to
argue over the conclusions. Perhaps at some future date science wll have
arrived at a basis for applying "w ndage" to theodolite observations.

How si npl e, and conveni ent, for poor, distressed triangul ators!!
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PLOITI NG AND ADJUSTMENT OF THE 1932
R AR BUOY CONTRCL SCHEME ON GECRCGES BANK

W D. Patterson, H &G Engineer, US C &G Survey

The determnation of buoy positions for the season of 1932 differed
fromthe work of previous seasons* in that the positions were detern ned
graphically instead of by conputation, and the work was finally tied in
to fixed shore positions and was adjusted to these positions.

(bservations consisted of the determnation of distances between
buoys by RA R nethods and the determnation of azi nuths between buoys
by astronom c net hods. These nethods have been fully described in pre-
vious reports. Al observations were recorded, conputed and abstracted
on the standard forns devel oped by Lieut. E. B. Roberts. These forns
were hel pful in sinplifying and coordinating the work of the four ships
engaged on this project.

The lengths of all sides and diagonals of each figure were obtained
by RAR and in several cases overlappi ng di stances were deternined.
This excess of observed lines was a great help in plotting the positions
graphi cally. Azimuths were obtai ned between as nany buoys as was prac-
ticable. It was originally planned to have at |east one azinmuth in each
quadril ateral, but due to capricious weather conditions, we had sone
quadrilaterals with no azimuths while others had several .

O the inshore end, the buoy triangulation was tied in to |ight-
house buoys whi ch were |ocated by theodolite cuts fromshore triangul a-
tion stations.

Plotting: To avoid distortion the buoys were plotted on an al um -
numplate. This plate, 60" x 100", was |large enough so that the entire
season's triangul ation could be plotted on a scale of 1:100, 000.

Referring to the acconpanying pl ate, the inshore buoys CH6, GRS,
R&C Aand G2 were plotted first. These were |located by theodolite
cuts fromtriangul ation stations ashore and by astronom c azi nuths ob-
served between the buoys, and their positions were conputed. Fromthese
positions, buoys WE, Z, M DSS and NS2 were plotted graphically by the
bonbed di stances and the single azimuith to DSS. The l|ocations of all
these buoys, with the exception of NS2, were regarded as fixed since their
| ocations were strongly determ ned fromknown shore positions.

The fixed base WE-Z was too short to extend the triangulation off-
shore; consequently the offshore triangul ation was plotted i ndependently.
The 1931 positions of "CS' and "Boy" were used and their positions
plotted. These were |ighthouse buoys left over fromthe previous season.
A third |ighthouse buoy left over fromthe previous season was not re-
covered. Fromthe positions of "CS' and "Boy" the entire offshore tri-
angul ati on was plotted graphically. Equal weight was given to azimuth

*Field Engi neers' Bulletin No. 4, Decenber, 1931, page 17 (1931 season)
" " " * 3, June, 1931 " 57 (1930 " )
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lines and distance arcs in determ ni ng buoy positions.

Qdosure and Adjustnent: The offshore triangul ation, which was based
on astronomc fixes taken at buoy "W during 1930, was extended inshore
to buoys WE, Z and NS2. The positions of these buoys as deternined by
the offshore triangulation differed fromtheir positions as fixed from
shore by less than I/4 mile. The offshore triangulation was 330 neters
too far east and 175 neters too far south of buoys VE and Z. The dis-
crepancy at NS2 was sonmewhat greater in longitude but less in latitude.
Since there was no check on the shore | ocation of NS2 and since this |oca-
tion depended al so upon a weak determ nation of DSS, the discrepancy here
was not used in the mai n adj ustnent.

The adjustment was nade by scaling all the offshore positions as
plotted, except SO and SW and adding 175 neters to the latitude and 330
neters to the longitude of each position. A small discrepancy still re-
nmai ned between the corrected position of NS2 and its shore location. This
was adj usted by giving nore weight to the shore | ocation. The positions
of SO and SWwere then plotted graphically fromthe final positions of S
and NS2. This placed the entire season's work on the shore datum

Accuracy of Wirk: The work on Georges Bank was begun in 1930 at
buoy "W, lying about 150 niles offshore, which was located by a series
of careful astrononical observations. Buoy |locations were extended from
this position by R A R distances and astrononic azinuths. Triangul ation
based on the position of buoy "W was again extended in 1931 and 1932,
and was finally tied in to shore positions with the closure as given in
the precedi ng paragraph. This closure may be considered to be an error
in the astronomc determnation of "W, or an accunulated error in the
R AR triangulation, or both. However, all subsequent astronomc fixes
taken during 1930, 1931, and 1932 indicated that our buoy positions were
approxi mately correct in latitude, but about 1/4 nile too far east in |ongi-
tude. This indicates that nost of the error lies in the original deterni-
nation of "W or in the determnation of the positions of the first few
buoys after leaving "W. In any case, the snallness of the cl osure shows
that RAR triangulation is surprisingly accurate and is inconparably
nore accurate than the methods formerly used in of fshore surveys.

During 1931 the relation between buoys "CS" and "Boy" was determ ned
by three intervening quadrilaterals. In 1932 work was begun at buoy "CS"
and extended through three new quadrilaterals to buoy "Boy" and the new
posi tion checked exactly with the previous year's position.

The graphical deternination of buoy positions was adopted this year
since it afforded a quicker determnation of the positions and conse-
quently less delay in the work and since it afforded a quick and easy way
to locate errors in distance or azinmuth. In nost of the small figures
the distance arcs and azinuth lines to a buoy net at a common point or
gave a very small triangle of error. Qccasionally a distance or azinuth
woul d be considerably in error and this could be checked by plotting
through adj acent figures to the same point. The accuracy of graphica
plotting is well within the probable error of distance and azinuth deter-
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mnation and this method seens especially well adapted to the conpl ex
figures that are necessary for this kind of work.

Qut of approxinately ninety distances determned, only five were en-
tirely rejected and given no weight in the plotting of positions. Qut of
approximately thirty azimiths observed, only two were rejected and given
no wei ght .

Causes of Errors: The errors in distance can be caused by assum ng
a wong velocity of sound, or by an error in conputing the relations be-
tween hydrophone or bonb and the buoy anchors. There is very little
chance that the observed distance in seconds is in error. The great
accuracy of the entire Georges Bank triangul ation proves that our vel -
ocity tables with the use of the nmean bottomtenperatures are as near
correct as could be desired. Consequently, the only appreciable source
of error in the observed distance is in the determnation of the mean
bottomtenperature. 1In the small triangulation figures the distances be-
tween buoys checked extrenely well. It is believed that in the few cases
where the distances failed to check in the snmall figures the error was in
the reduction to buoy anchors. 1In the large figures, where the lines were
| ong and passed over a considerable range in depth, there was usually a
fairly large triangle of error at each buoy location. It is believed cer-
tain that this error is caused by inconplete know edge of the bottomtem
peratures along the |ines.

Astronom cal azinmuths appear to be about equally as accurate as

R AR distances and were given equal weight in the plotting of buoy pos-
itions. The average discrepancy between azi nuths observed at both ends
of aline was about 6 mnutes. Two azinuths were rejected. In one case
the azinmuth failed to check the back azinmuth by 26.8 mnutes and in the
second case by 64.9 mnutes. In both cases the forward and back azi mut hs
were plotted separately and the bonb distances readily indicated which
azimuth was in error. Errors in astronomcal azi muths can be caused by
poor observations or by errors in reducing the observed azinmuth to the
buoy anchors. The chance for observational errors will be reduced by ob-
serving on the sun, or star, when it is lowin the heavens.

Summary: The principal source of error in RAR distances is in
the lack of adequate bottomtenperature information. In large triangu-
|ation figures, bottomtenperatures should be obtained at various points
along the lines between the buoys. This is especially inportant if the
range of depth between the buoys is large or if there are changing cur-
rents as on (Georges Bank where the flood brought warmwater from the south
and the ebb cold water fromthe north.

A large source of error in astronomcal azirmuths is in the observa-
tions. It is believed that this will be decreased by maki ng observations
when the sun, or star, is lowin the heavens, preferably at or near am
plitude.

Wth accurate observations of azinuth and distance it is essential
that the observations be correctly reduced to the buoy anchors. More care
shoul d be used in observing and conputing the data for these reductions.
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In the plotting of the 1932 buoy triangul ation there were errors in final
di stances and azi mut hs whi ch appeared to be due to inaccurate reduction
to anchors.

The velocity of sound tables, when used with the mean bottom tenper-
ature, appear to be about as accurate as could be desired for this work.
This is shown by the renarkabl e good cl osures obtai ned over a large area.

The graphi cal determination of buoy positions by plotting on an
aluninumpl ate has several advantages over the conputation of positions.
This is especially true when the schene is very extensive and the figures
conplicated. Wien positions are to be determned graphically, it is best
to observe as nany overl appi ng di stances as practicabl e.

COMWENTS ON THE ABOVE

W E Parker, H & G Engineer, U S.C &G Survey
Commandi ng Shi p HYDROGRAPHR

In transmtting this report, which I consider an excellent discus-
sion on the subject, | wish to add a few observations on the sources of
errors or rather of unavoi dable errors inherent to this kind of work in
a locality like Georges Bank.

| believe that the failure of a line (side or diagonal) in a quad-
rilateral to meet two other intersecting lines at or near a point is
due largely to an error in selecting the correct velocity for the sound
waves along that line. Sonme of the error is undoubtedly due to mi stakes
i n reduci ng bonbed di stances to buoy anchors, but | think the large dis-
crepancies, especially in the long sided figures, are due to wong vel -
ocities.

O Ceorges Bank the water tenperatures are very erratic. V¢ have
found that tenperatures vary considerably at the sane depth in places
not far distant fromeach other, that within a few hours there may be a
change in bottomtenperature as great as four degrees centigrade, that at
tinmes warnmer water may |ie under colder water - in short, that there is
no stable tenperature gradient on Georges Bank such as we may expect el se-
wher e.

As an illustration, the LYDON A found at buoy G depth 12 fathons,
bottomtenperatures varying from8.6 to 10.6 degrees within four hours,
and at buoy Y2, depth 33 fathons, bottomtenperatures varying from9.1
to 11.8 degrees within seven hours, and the G LBERT found at buoy A depth
31 fathons, bottomtenperatures changing from7.1 to 11.2 degrees within
six and a hal f hours.

These changes are extrene and unusual, but are neverthel ess indica-
tive of what rmay be taking place sonewhere along a line that is being
neasur ed by bonbed distances. |f at one of the buoys between which the
di stance is being nmeasured, no harmwould result, as we al ways observe
tenperatures at the tines of bonbing, but if between buoys, we woul d have
no know edge of such deviation. The velocity selected for that |ine woul d
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be that consistent with the nean of the bottomtenperatures at the two
buoys and woul d be incorrect to the extent that intervening tenperatures
caused a deviation fromthat mean.

The tenperature changes given above mght cause errors of 7.4, 9.7,
and 15.3 nmeters per second, respectively, and in a line of which the
time of transmssion of the conpression wave is 30 seconds, by no neans
along line conmpared to many that we measured | ast summer, errors of
about 220, 290, and 460 neters, respectively.

The fact that we got very few large disagreenents indicates that we
rarely mssed the correct velocity by an appreciabl e anount, but | be-
lieve we have found an expl anation for nost of the disagreements and es-
pecially those in the |argest figures.

| suggest also that those differences in the bonb tines between a
pair of buoys that caused some concern the first season (1930) nmay be
expl ai ned by undetected changes in bottomtenperature at one or both of
the buoys or between buoys. | have observed that when bonbi ng was ex-
tended over a long tine and especially when it was interrupted so that
there was a considerable tine interval between the first and t he second
groups of bonbs, the bonb times of each group mght be in close agreenent
anong t hensel ves but in considerabl e di sagreenent between groups.

| believe that the excellent closures that we usually got in quad-
rilaterals, as described by Lieut. Patterson, where often each side and
di agonal were conputed on a different velocity; that the agreenent in
di st ances between buoys as bonbed at different times and even during
different seasons; and finally that the close tie-in nmade on shore con-
trol show that in conputing bonb distances we are not nuch in error when
we accept a velocity based upon the nean bottom tenperature along the
line to be neasured.

In the matter of astronomic azinmuths, | think the error is usually
introduced in reducing themto the buoy anchors. Wen the buoys are
so close that the distant buoy can be seen, it is possible to place the
observing ship squarely on range with the tw buoys at the instant of
observation. Then, unless the buoys have widely different scopes, the
azi mut h between buoy anchors woul d usual |y be nearly the sane as between
buoys at the instant of observation. But when the buoys are so far apart
that it is possible only to observe upon a ship anchored near a buoy from
a ship anchored near the other buoy, then it is difficult to transfer
the observed azimuth to buoy anchors with any degree of accuracy. And,
of course, the nearer the ships are to each other the greater will be
the error by this nethod.

The graphi cal method of treatnent, described by Lieut. Patterson
has the great advantage over the mathematical treatnent, with adjustnent,
inthat it shows readily and quickly which lines and azi mut hs di sagree
with the others. This is especially true when cross |lines and over -
| appi ng figures have been bonbed, as was done | ast season
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V¢ thought that the best way to treat such di sagreement was to re-
ject the disagreeing lines on the assunption that they contai ned sone
such errors as described above rather than to force the |ines which
appeared to be in close agreement to an adjustment with the questionabl e
lines, as usually the observations showed no justification for assigning
different weights to those |ines.

k) %k ok K sk okok ko ok ko

FromProf. F. P. Shepard, University of Illinois.

**** | Wsh to thank you for the opportunity which I had this sum
nmer to acconpany the ships to Georges Bank. The results have proven very
interesting tone. | confidently believe that the work of your survey is
going to open up an entirely new line of attack on sone of the nost ab-
sorbing and difficult problens of geology. The work is giving for the
first time sone really detailed informati on concerning the renarkabl e
series of subnarine canyons which cut the continental slopes off nost of
the coasts of the world. Those discovered this summer nust surely have
been cut by rivers originally, and since they extend to at |east 7,000
feet in depth, they must have been formed at a time when New Engl and was
elevated into a great plateau.

Seei ng such ships as the Europa crossing over the network of val-
leys, as we did last summer, gives sone idea of the practical value of
obt ai ni ng exact configurations of these features.

Speci nens obtai ned during the summer have al so supplied ne with
valuabl e information. Several sanples taken fromthe anchor of the
OCEANOGRAPHER were particularly interesting as they reveal ed the charac-
ter of sedinent which underlies the surface veneer of sand and gravel
on Georges Bank. The underlying sedinent is sinilar to that found over
nmuch of the deep portions of the Qulf of Mine.

May | thank you also for the receipt of a copy of the Bulletin of
Fiel d Engi neers and of the new chart of Georges Bank. | find the bulle-
tin very interesting, especially because so nany phases of ny work are
closely connected with the work of the Coast Survey.****

* % ok & K ok % ok ok ok ok ok
AN UNI QUE STATI ON MARK

(Extract froma letter fromChas. Pierce in charge of a party ex-
tending coastal triangulation along the California coast.)

W have recently recovered a silver ten cent piece, series of 1858,
whi ch was used to mark triangulation station | NDIAN 1872, just south of

San Luis (bispo Bay, California. This piece is still in good condition,
but slightly dented frompressure of nail on bottomof pole over this nark.
The silver dine was set into a drill hole in a stone bel ow the surface of

the ground and found intact.

In case this unique mark is desired for a historical record at the
office, | shall be pleased to forward it upon notice fromthe office.
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CANYONS SOUTH OF GECORGES BANK

F. P. Shepard, Professor of Geology, University of Illinois

The survey of Georges Bank by the U S. Coast and Geodetic Survey
during the last three summers besi des devel opi ng val uabl e information for
navi gati onal purposes and for the fishing industry has nmade large contri-
butions to pure science. The renarkable organization and utilization of
radi o-acoustic sound ranging and of echo soundings in this offshore chart-
i ng have produced the accuracy and detail essential for the interpretation
of subrari ne topographic features.

The continental slope beyond Georges Bank has been found to contain
a topography which, were it el evated above the sea, woul d be one of the
scenic wonders of the world. Seven great canyons have been di scovered,
all penetrating for nore than a half mle bel ow the adjacent slopes and
twenty-four others all appear to have been cut at |east a thousand feet
into the sea floor. Wien it is recalled that the fanous Yell owstone
Canyon is no nore than a thousand feet deep and the Royal Gorge only
slightly deeper, the significance of these subnarine features becomes ap-
parent. To find features truly conparable on land we have to turn to the
G and Canyon of the Col orado.

The origin of land valleys is generally not difficult to determne.
Most of these vall eys have been cut by streamerosion, but others are
fornmed by noverments of the earth's crust which have allowed bl ocks to sub-
side inreference to adjacent areas. Still others have been excavated at
least to some extent by glaciers and others are partly the result of the
col | apse of the roofs of subterranean caves. Sea floor canyons mght have
been forned by any of these processes, provided in the case of river cut-
ting that the area was formerly above water. |In addition, subnarine cur-
rents mght have been of sone inportance

The shapes of the canyons should serve to differentiate between these
processes in the case of submarine canyons in the same way that they do on
land. Some of the Georges Bank canyons have been surveyed in sufficient
detail so that their characteristics are readily deternined. A study of
the contours on the acconpanying plate shows that the canyons are V-shaped
in cross section, have sinuous trends, have a considerabl e nunber of trib-
utaries entering themat grade, and, in general, slope outward al nost con-
tinuously. These characteristics are those of river cutting and are de-
cidedly not those of any other process. Therefore it seens al nost certain
that the continental shelf nmust have been el evated many thousands of feet
during the canyon cutting stage. The relatively lowrolling country of
New Engl and nust have been part of a high plateau perhaps resenbling the
Col orado pl ateau of the present day.

Anot her deduction whi ch nay be nade fromthese canyons is that they
wer e subrrerged before the devel opnent of the present continental shelf,
perhaps many nillions of years ago, and that they have probably been fill-
ed with sediments and reopened in post glacial times by great |andslides
which carried the sedinents down the slopes into the deep ocean basi ns.
The basis for the first deduction is that the outer nmargin of the conti-
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mental shelf inthis area lies at the same general depth as is found for
the shelves over nost of the world. Such depths nust have been devel oped
under conditions of stability. They probably represent the |evel of wave
cutting when the sea |evel was | owered several hundred feet by the
glaciers of the last glacial period. It is evident that any part of the
shel f which has been greatly uplifted or depressed since that tine must

| ack these accordant margi nal depths. Therefore the valleys nust have
been forned before the devel opnent of the shelf. Furthernore, during the
cutting of the shelf large quantities of sedinent woul d have been washed
into the drowned valleys. A so when the gl aciers stood on Georges Bank
to the north, as is now known to have been the case, it seens probable
that large quantities of sedinent were washed out across the shelf and
were lodged in these valleys. |If the valleys becanme filled in these ways,
they nust have been reopened. Subnarine |andslides have been suspected
in many places by cable conpanies and there is sone evidence that one
actually occurred in 1929 opening up Corsair Gorge, the northeastern nost
of these canyons (see this bulletin for June, 1931, p. 87). Such slides
usual | y acconpany earthquakes and probably attain very |arge proportions
greatly nodi fying the ocean floor, as appears to have happened after the
great Japanese earthquake of 1933.

Cont our i ng Met hods

In the construction of the contours shown on the acconpanying pl ate,
about 3,000 soundings were used. In sonme places where sounding |ines
were closely spaced, contours could be drawn without difficulty, but else-
where the interpol ation of contours required considerable care and know
| edge of subrmarine and | and topography was enpl oyed to nake the contours
trend in the nost probable directions.

Shel f edge depressions: An exanple of howfamliarity with sub-
mari ne topography may be a neans of inproving the draw ng of contours is
shown bel ow where alternative nethods of constructing the 100-fat hom curve
are presented. The second interpretation (B) was thought to be the nore
probable for the follow ng reasons:
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1. If the first interpretation (A were correct, the isolated inner
deep woul d constitute a depression 30 fathons below its surroundings.
Such depressions are not unusual within a glaciated portion of the con
tinental shelf like the Qulf of Miine and woul d not be surprising on the
shoal er nmorainic portions of Georges Bank, but the outer part of the shelf
has not been gl aciated and only very m nor depressions are found init,
none of themhaving depths greater than 55 fathons. *

2. The second interpretation is favored by the finding of a series
of simlar indentations of the 100-fathomline along nmost of the outer
portion of the shelf in this area.

3. The fact that this valley has been shown to have a branch further
west does not invalidate this eastern indentation because streamvalleys
usual Iy have several branches at their heads and other valleys in the
vicinity have nore than one branch.

4. The general trend of the outer portion of this canyon suggests
that its head extends towards the zone in question and that the branch
to the west is less inportant.

Tributary valleys: There are two ways or nore of detecting the
presence of tributary valleys where soundings are not sufficiently num
erous to prove their presence. |If a line of soundings run transverse to
the general valley trend shows two notches in a certain area while
another line directly outside shows only one, the probability is that the
two vall eys have merged and the contouring should be done with this in
mnd. Were |lines of soundings run down the sides of the main valleys,
the finding of depressions in the slope probably signifies tributaries
comng into the main valleys. In contouring these it should be borne in
mnd that tributaries ordinarily join main valleys at snall angles with
their apexes pointing down stream

Contour projection into scarcely sounded areas: In draw ng contours
into areas where sounding lines are widely spaced, an attenpt should be
made to rmake the contours assune the sane general shapes as in adj acent
wel | sounded areas, except when there is reason to believe that a topo-
graphi ¢ change intervenes. The southeast portion of the acconpanying
plate is a case in point. Here we have valleys and ridges inside and,
to the west, evidence that the valleys extend out to the limts of the
charting. It is only reasonable to conclude that the valleys extend al so
into this poorly charted area. In drawing the contours into this section
greater sinplicity is shown than probably exists, but there was no basis
for the drawing of the mnor irregularities which are denonstrated el se-
wher e.

HIls in the outer valleys: In some places along the outer portions
of the subnmarine canyons, l|ines of soundings show rises along the valley
floors. These rises might be interpreted as the confluence of tributary

* These m nor depressions are probably due to the building of of f shor e
bars by the waves when the sea stood near the margin of the shelf during
certain glacial epochs.. ,
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valleys (figure A, below) or as isolated hills within the valley (figure
B). In sone localities off the west Coast there is evidence for the
latter interpretation for such rises. Aso it is to be expected that
there should be hills in the outer courses of the canyons if they have
been reopened by | andslides. The material dislodged fromabove woul d be
expected to pile up on the outside. Accordingly, in such a situation,
it seens advisable to draw contours like those in figure B.
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RAPI D METHCDS CF DETERM NI NG APPROXI MATE
SPHERI CAL EXCESS | N TR ANGLES

(1) C 1. Aslakson

The nomogram shown on the acconpanyi ng pl ate has been found con-
venient for conputing the spherical excess on reconnai ssance nmaps for
field triangle closures. It was used on ny party in Texas and found to
save nuch time. Constructed for a single value of "ni, it was found to
gi ve spherical excess values which were as close as the el enments of the
triangle could be scaled fromthe bl ue-prints.

The construction is sinple. The outer scales, "A' and "B", are
taken directly froma 20-inch slide rule. Scale "C' is the square scal e
onthis slide rule. It is mdway between "A'" and "B" and is adj usted
vertically by the amount of the constant multipliers which represent
the factor "mi and the factors necessary to reduce "mi as expressed in
nmeters to statute mles. The nethod of using: the nonogramis shown on
the pl ate.

(1) E. QO Heaton

For those who may prefer a forrmula for conputing the approxi nate
spherical excess, there are three fornul as given bel ow

e = .0066 x twice the area of a triangle in square statute niles
or (.0066 x base x altitude in statute mles).

e = Area of triangle in square miles 1/3 (Area)
100 77100)

e = (ne second for every 75 square mles of area.

C these three formulas the first one was handed down to ne by
Commander Garner about 13 years ago and | have found it to be the quick-

est and nost satisfactory of any | have used. | believe it has been
used nore extensively in the D vision of Geodesy than any of the other
nmethods. In addition to the fact that it is the quickest and nost con-

venient formula to use, it is also slightly nore accurate than the others.

In order to illustrate the accuracy of each fornula and Li eut enant
Asl akson's graph, the excess of a large triangle with 30 m|e base and
30 mle altitude has been conputed fromthe formula e = ab Sin C xm
and conpared with the approxi mate results bel ow

e =agb 8in C xm = 5702
e = 0066 x twice the area = 5%94
o = Area of triangle 1/3 (Area) . 6100

100 ( 100}

= One second for 75 square miles &v00

I}

@
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5%90 from the graph.
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(rrr)y C 1. Aslakson

The first formula given by Lieutenant Heaton, or e = 2/3 Alt. X
base, is probably nost commonly used, is convenient, and gives good re-
sults for fielduse. However, the sane el ements, altitude and base, as
used in the nomogram nust be scaled. It is, therefore, convenient to
pl ace the scale of niles on the edge of a straightedge, scale the alti-
tude and base, and transfer the straightedge directly to the graph to
read t he spherical excess.

A graph of this type is often a conveni ence when a | arge nunber of
readings are needed and there are two variabl es. Anyone who has used a
graph which calls for "reading across to scale A, down to scale B, and
over to scale C, etc." usually prefers to nake a sinpl e nmat hemati cal
calculation. QGaphs can often be sinplified by using logarithnmc scal es.
Readi ng fromsuch a graph is slightly sinpler than using a slide rule.

%k ok ko ok ok ok ok ok sk ok

North Carolina State H ghway Commi ssion
Ral ei gh, N. C
August 25, 1952.
Maj or Wn Bowi e, Chief,
D vi si on of Ceodesy,
U S Coast and Geodetic Survey,
Washington, D. C

Dear Mj or:

| received, yesterday, the June Bulletin of the Association of Field
Engineers of the US.C &GS., and wi sh to express ny appreciation for
the space which you devoted to ny paper on Control Surveys.

| also was greatly inpressed with the article on "By-products of the
Chowan R ver Surveys", page 90. | think the decision of the US. C &GS
to spend a little more noney on this survey so as to make it accurate,
pernmanent, and an integral part of our state net was nost conmendabl e.
It is just one nore denonstration of the al nost uncanny foresight of your
Bureau, and it shows that you practice what you preach. You have nade of
this survey a thing of value for all time to come - useful in a hundred
different ways. This article ought to be published in Gvil Engineering
to denonstrate the by-product value of controlled surveys.

| ampleased to note that you are nomnated (and therefore el ected)
as a nmenber of the Executive Conmttee of our A S.CE Dwvision, and | sin-
cerely hope you will continue as Chairman of the Conmittee - for without
your able guidance the Division could scarcely function.

Wth kind personal regards, | am
Cordial ly yours,

(Sgd.) Geo. F. Syne
Seni or H ghway Engi neer
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SECOND | NTERNATI ONAL  POLAR YEAR PROGRAM

E. W Eckelberg, H &G Engineer, US C &G Survey

The first polar year programwas held fifty years ago in 1882-1883.
Qur present know edge of magnetic variation in the Arctic is based |argely
on the observations of this first expedition, which was detern ned upon
by International Polar Conferences at Hanburg, Berne and St. Petersburg,
acting on the suggestion of an Austrian naval officer and Arctic explorer,
Lieut. Karl Weyprecht. Its purpose was to inprove our know edge of Arctic
nmet eorol ogy and nagneti smand to study their effect on and their relation
with other regions of the earth. Twelve countries took part, occupying 14
stations, two of which were in the Antarcti c.

Qur own country occupi ed stations at Pt. Barrow, A aska, and Fort
Conger (naned after Senator Qrar D. Conger) Lady Franklin Bay, Qinnell
Land. The Fort Conger station under command of Lieut, (nowMaj. Gen.) A
W Geely, Signal Corps, U S. Arny, was the farthest north of all the
Arctic expeditions. Mich exploratory work was carried out in addition to
the observations in neteorol ogy, astronony, gravity, tides and magnetism
The Coast and Geodetic Survey instructed the observers and reduced the re-
sults of observations in gravity, tides and magnetism

A brief account of the Geely expedition is given here to encourage
field officers who have not done so to read the account of this expedition
because of the many exanpl es of resourceful ness in overcomng alnmost im
possible situations. It is taken fromvolune 1 of Lieut. Geely's report
on 'International Polar Expedition, U S Expedition to Lady Franklin Bay
and Qinnell Land.' The book is obtainable fromthe Coast and Geodetic
Survey library and probably fromcity libraries.

The account of the expedition is a wonderful record of acconplishment
under most trying circunstances. The party of twenty-five was |anded on
August 14, 1881, and imedi ately proceeded on its program of observati ons.
By the first of Septenber the harbor was frozen over. At the end of the
first year preparations were nmade to | eave upon the arrival of the ex-
pected relief ship. Not disheartened by the failure of the relief vessel
to appear, the party prepared to spend another year and continued their
work of exploration, collection of specinens and scientific observations.
The conditions under which this work was carried on can be better realized
by an exam nation of the average nonthly tenperatures over the period of
two years. The nonthly averages range from37.2° Fahrenheit to -46.5°
Fahrenheit. There were only six months when the tenperature averaged above
freezing, and then only slightly.

At the end of the second year of isolation, the relief ship failing
to make an appearance, the party abandoned their station and on August 9
set forth in a steamlaunch and three smaller craft. After fifty days
afloat and adrift on ice, during which tinme the |l aunch and one whal eboat
were abandoned, the party finally reached shore Septenber 29 about 200
mles to the southward of their station. The party of twenty-five nmade canp
at Cape Sabine after a reconnai ssance whi ch di scl osed the sinking of their
relief vessel on July 29. They had hoped to be able to cross Smth Sound
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to Geenland when ice conditions permtted. This condition never mater-
ialized, and the party gradually di mnished in nunbers, due principally
to starvation, until at the tinme of their rescue on June 22, 1884, only
seven were found alive in pathetic condition, helplessly trapped under
their stormcollapsed tent without sufficient strength to free them
selves. Their last food, taken forty hours previously, consisted of oil
tanned seal skin and |ichens.

It is alnmost unbelievabl e that human beings coul d survive the condi -
tions of squalor, msery, and starvation which are described by Lieut.
QGeely and others of his party in the report on this expedition. Through
all these vicissitudes their scientific records and collections of speci-
mens were preserved intact and delivered in safety to the rescue party.

The second international polar year programis nowin progress, fifty
years after the first polar year program It is a cooperative effort on
the part of thirty-three nations, occupying seventy-five stations all
over the world. Twenty-five of these stations are in the Arctic regions,
while the others are pernanent observatories at which special observations
will be nade in cooperation with the pol ar year program S nultaneous
observations of meteorol ogy, terrestrial magneti sm atnospheric elec-
tricity, earth-currents, aurora, and Kennelly-Heaviside | ayer are bei ng
made, all according to a prearranged schedul e and, wherever possi bl e,
with uniformtype of equipnent.

I ncl uded anong these numerous stations are several high altitude
(nountain) stations, and at nmany other stations meteorol ogi cal observa-
tions are obtained at high altitudes by sending up radi o-sondes, which
autormatically send radi o messages of the readings of tenperature and pres-
sure as they ascend. These are received at the base stations and record-
ed. The instrunents are equipped wi th parachutes to make safe | anding
and recovery nore probable after the hydrogen ball oon bursts.

The U S. Station, known as the ol | ege-Fairbanks Pol ar Year Station,
is being operated jointly by the Carnegie Institution of Véshington
through its Department of Terrestrial Magneti sm the Naval Research
Laboratory, the Al aska Agricultural Gollege and School of M nes, the
Signal Corps of the Arny, and the Coast and Geodetic Survey. This is a
typi cal polar year station and the observational programcovers the fol-

| owi ng:

1. MAG\ETI C CBSERVATI ONS

(A Three sets of nmagnetic varioneters each furni shing continuous
phot ogr aphi ¢ recordi ng of declination, horizontal intensity and verti cal
intensity. The ordinary magnetic observatory has but one set of these in-
struments, but in order to obtain a conplete record in the pol ar regions
where the magnetic elements are greatly disturbed, two variometers of
different sensitivity are provided and a third variometer, of nornal sen-
sitivity but with a rapid noving recorder, is provided to give an open
tine scale. The latter furnishes a record by which the tine of sudden
nmagneti ¢ changes can be accurately scaled and tine intervals of short
period changes can be nmeasured. It, however, |oses the accuracy in the
quantitative neasurenents for which the slow recorders are provided. The
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records of these self-recording instruments are supplenmented by abso-
lute magnetic observations taken twi ce weekly, with an earth inductor
for the deternination of dip and with a nagnetonmeter for declination
and horizontal intensity. These absolute values control the val ues of
the datum or base lines of the recording instrunents.

(B) Mtchell Loop Vertical Intensity Apparatus - This apparatus
nmeasures the voltages induced in a loop of wire by the changes in the
vertical intensity of the earth's magnetism The wire-loop encloses an
area of approximately 180 acres and is insulated fromthe earth. The
termnals of the loop are connected to a sensitive gal vanoneter and phot o-
graphic records are made by a light beamreflected froma mrror on the
novi ng coil of the gal vanometer. The day's record is photographed on a
roll of paper approximately 3-1/4 inches wi de by 50 feet long, thus fur-
ni shing an open tinme scale fromwhich the periods and times of fluctua-
tions can be accurately determ ned.

2. EARTH CURRENTS AND ATMOSPHERI C ELECTRI CI TY

Since electricity and magneti smare known to be closely related, it
is necessary in any study of the earth's nagnetismto include the study
of the electrical condition of the atnosphere and the natural electrica
currents within the earth.

As early as 1847 it was found that at times serious interference
with tel egraph messages and sonetines damage to instruments were caused
by earth-currents, since for the sake of econony of wire the tel egraph
circuits are made to use a ground return. The Carnegie Institution of
Washi ngton, through its Department of Terrestrial Magnetism has pio-
neered in this field in this country and has devel oped the necessary self-
recordi ng instrunents.

(A) Earth-Current Cbservations - The earth-current installation at
Col | ege consists of gal vanonetric recording of the potential differences
of pairs of lead electrodes buried in the ground one mle apart, one
pair in the north-south and the other in the east-west direction; thus
the true directions of the currents flowing in the earth's surface can
be determined. This continuous photographic record is controlled by daily
cal i bration observati ons.

(B) Atnospheric Electric Observations-

a. Continuous recording of the potential gradient near the
surface of the earth. It is a nmeasure of potential difference between the
earth and a point in the air. A small steady current flows fromthe air
to the earth, varying with | ocation, season, hour of the day and with
weat her conditions.

b. Electrical conductivity of the atnmsphere. The conductivity
of the air is neasured by noting the rate of potential drop of an elec-
trically charged cylinder concentrically surrounded by a relatively large
earthed tube through which a current of air is forced.

The conductivity of the atnosphere has an annual and a diurnal var-
iation. It varies also with the anount of dust or fog present, being
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larger when the air is clean and dry.

In addition to continuous records of conductivity, potential grad-
ient and earth-currents, an Aitken nuclei count and an i on count are
made daily.

3. AURCRAL WORK

Wrki ng under a grant fromthe Rockefeller Foundation and in cooper -
ation with the Carnegie Institution of Washi ngton, the A aska Agricultural
Col I ege and School of M nes is making various auroral observations. The
principal work consists in naking sinulteneous photographs of the aurora
fromtwo camera stations about 14 nmiles apart, this distance being accu-
rately determined by triangul ation. Caneras are of special type and for
si mul t aneous exposures communi cation is done by neans of radio. By hav-
ing a common background of stars in the photograph’'s of the aurora the
paral | ax can be neasured and the elevation determned. Qher data are
obt ai ned and recorded every hal f hour throughout the night, such as forns
of the aurora, duration of the display, intensity, approxinate area of
sky covered, weather conditions, etc.

4. RAD O CBSERVATI ONS

These observations consist of continuous registration of the height
of the Kennel |l y-Heavi side |layer or the radio ceiling and of the nmagnetic
and auroral effects on radio transmssion and reception. This work is
bei ng carried on at Fairbanks cooperatively by the Naval Research Labor a-
tory, the Carnegie Institution of Washington, through its Departnent of
Terrestrial Magnetism the Coast and Geodetic Survey, and the Signal
Corps of the Arny. This station is carrying on auroral work in connec-
tionwith the Pt. Barrow meteorol ogi cal and magnetic station and aur oral
spectroscope work is al so included at Fairbanks.

The Pt. Barrow magnetic station of 1882-1883 is being reoccupi ed
this year through cooperative efforts on the part of the U S. Wather
Bureau, the Signal Corps of the Arny, the Departnent of Terrestrial Mg-
neti smof the Carnegie Institution of Washington and the International
Pol ar Year Commi ssi on.

The T. S. Wat her Bureau is naki ng special neteorol ogi cal observa-
tions at its numerous stations. This, of course, is one of the major div-
isions of the polar year program

The Coast and Geodetic Survey, in cooperation with the Departnent of
Terrestrial Magneti smof the Carnegie Institution of WAshi ngton and the
Mountai n States Tel ephone and Tel egraph Conpany, is naking observations
of earth-currents at the Tucson Magnetic (bservatory, the tel ephone com
pany providing two | ong distance telephone lines for that purpose. The
Aneri can Tel ephone and Tel egraph Gonpany is making simlar observations,

i ndependently, at New York Gty, Hamlton, Miine, and Wanet, Illinois.
Sone work is also being done by individuals at their own expense and funds
for sone of the polar year work were donated by an interested benefactor.

Fromall the results obtained fromthese observations it is hoped
that a well organi zed attack can be nade on the nany problens still to be
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solved in the fields of neteorology, terrestrial magneti smand electricity,
communi cation di sturbances, and to further our know edge in weather con-
ditions over possible arctic routes of air travel.

The followi ng poemwas copied fromthe "Farthest North Col |l egi an, "
student publication of the Al aska Agricultural College and School of M nes,
| ocated at College, Al aska, the site of the Polar Year Magnetic Stati on.
Init M. Linn very ably gives his inpressions gained while attending the
"open house held for the benefit of the |ocal comunity to inspect the
pol ar year work and equi prent.

The Pol ar Year

The fellows in the Polar Year Wiile fifty prisms and a hal f
Had open house one day; Al made it jiggle sone,

| went to see their things and hear And then they got its photograph
Just what they'd have to say. Wth paper on a drum

They had three sheds wapped up in wool One building more | went to see,
And built with copper nails And | was getting good;--

(Since iron has magnetic pull There was no visitor but ne
And queers the fine details). That really under st ood.

They had sone pillars of concrete They had a little fan to bl ow
Sunk ten feet in the ground The air into a coop.

To give the instruments a seat They had a funny radio
That woul dn't nove around. Hooked on a Mtchell Loop.

I went into the littlest shed-- They measured ions in the air
(The line that boy did shoot!) And currents in the earth
Potential magnets there, he said, And differential radiance there

Are measured absol ute. For all that they were worth.
Then at the second shed | tried I don't know what they're | ooking
(I don't renenber which) for,
It took six doors to get inside These scientific nen,
Wiere it was dark as pitch. But hope they find it all before
They go back hore agai n.
About a dozen instrunents —Phi | Linn.

Presenting quite a site
Made magneti stic neasurenents
Upon a beamof I|ight,

PERSCNNEL CF U, S. PCLAR YEAR EXPEDI TI ONS, 1932- 1933.

Pt. Barrow, Al aska
C J. MGegor, U S Wather Bureau

Col | ege- Fai rbanks Pol ar Year Station at Col | ege- Fai rbanks, Al aska
Dr. C E Bunnell, President, A aska Agricultural College and
School of M nes.
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V. R Fuller, Professor of Physics, A aska Agricultural College
and School of Mnes. |In charge of aurora observations,

W W Walton, Aurora Cbserver.

Everett R Johnson, Magnetic Chserver, U.S. (past & Geodetic Survey

Harold F. Bennett, Magnetic Cbserver, U. S. Coast & Geodetic Survey

W W Spencer, Student Cbserver, U.S. (Cpast & Geodetic Survey

Kenneth L. Sherman, Physicist, Carnegie Institution of Washi ngt on

Dr. H K Mris, Physicist, U S. Naval Research Laboratory

C. E. Johnson, First-class Radio Man, U. S. Navy

C. Marcus, Hectrical and Radi o Engi neer, U. S. Signal Corps

H J. Thonpson, Meteorol ogist, U S. |eather Bureau

R L. Frost, Asst. Meteorologist, U S Veather Bureau

Frank Pol Il ack, Air Pilot, Special Flights, U S. Veather Bureau
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RECOVERY CF AN | MPCRTANT TR ANGULATI ON STATI CN

(Extract froma letter of C D Meaney engaged in observing the
new Atlantic Coast first-order arc of triangulation)

In accordance with a telegramfromthe Director, a station was es-
tabl i shed near the old station Joscel yne. The position of this station
was conputed; then an inverse solution to deternine the distance and
direction fromJoscel yne to Joscelyne 2 (1932) was conputed. M. Vardwell
and one man were sent to recover the old station at Joscel yne and obtain
a distance and direction fromJoscel yne 2 (1932).

After digging a hole about two and one-half feet in dianeter they
recovered the old station. The recovery of this station is a practical
exanpl e of the accuracy obtained in triangulation. The owner of the
property was very much excited about finding the station. |In order to
allow digging on his property he demanded danages of $2.00. However,
when the mark was recovered, he withdrew his demand. A "darkey" stand-
ing nearby remarked, "You men ought to get a premum"”

% sk ok ok %k ok ok ok ok ok %

(Extract froma letter fromR D Horne in charge of observing
first-order Janmes R ver arc of triangul ation)

VW are tying-in to sone of the city of R chrmond triangul ation just
now and several nights we have been unable to make six anpere bul bs show
through the snoke for even the conparatively short lines that we were
observing over. The cold air seens to hold snmoke down |ike a bl anket.
To-day has warned up and a light northwest air has cleared the air wonder-
fully. | expect that summertine is the best tine for city triangul ation.
Last summrer we were in a very populous district, comng fromLong Island
across Brooklyn and Jersey Gty and had very little trouble wth snoke.
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NOTES FCR THE | MPROVEMENT CF LI STS CF GEOGRAPH CAL
PGSl TI ONS AND FCR SUBM TTI NG PROGRESS SKETGHES

(The following notes relating to geographical positions are taken
fromregul ations recently issued to the mathenmaticians of the Divi-
sion of Geodesy. They should be helpful to all field parties sub-
mtting triangulation data. A nost daily our parties and outside
engi neers are furnished triangulation data in the shape of photo-
static copies of unadjusted field conputations. For this reason,
particularly, field parties should not feel that, since their tri-
angul ation is subsequently to be adjusted, their conputations need
not be carefully checked or neatly and uniformy submtted. On the
ot her hand, they shoul d endeavor, in so far as possible, to nmake
their field conputations conply with the requirenents of the Dvi-
sion of Geodesy for adjusted work.) Ed.

In order that the manuscript forns of the lists of geographic posi-
tions may be used directly as originals for photostatic copies to be fur-
ni shed engi neers and others requesting the data, and in order that time
shall be saved in revising these lists for publication, it is necessary
that certain rules shall be followed in preparing the |ists.

Conput ers and nat henati ci ans should read carefully Chapter 7 of
Speci al Publication No. 138.

Nothing is gained in an attenpt to save tinme if the time saved nust
all be spent later in revision. Lack of neatness and carel essness are a
reflection on the mat hemati ci an doi ng the work.

Eternal ink shoul d be used for making out all lists of geographic
positions and the nanes and figures should be witten carefully and | eg-
ibly. The nanes of the stations should be followed by the dates of es-
tabli shment and the dates of recovery and by the abbreviations d. for
described, m for narked, n.d. for not described, etc. The state in
whi ch each station is |ocated should al so be indicated if all the sta-
tions on the page are not in the sane state. The locality, datum and
state (or states) should always be inserted at the top of each page in
the bl anks provided. It should be renenbered that the lists of geographic
positions formthe final record of the triangulation conputations, that
photostatic copies are frequently made in answer to requests for inform
ation and to send to the printer when the triangulation is published, and
that too great care can not be taken in nmaking themneat and | egibl e.

The mat hematici an making out a list of geographic positions and the
one checking it should inspect the position conputation to see that the
latitudes and | ongitudes agree on the tw sides of the conputation, and
that the azimuth to one station plus the first angle of the triangle
equal s the azinuth to the other station. The angles of a "no check"
triangl e shoul d be checked fromthe lists of directions as well as the
logarithns of triangle sides which appear in only one triangle. The list
should al so be carefully scanned for errors that may easily be discovered
by inspection, such as mstakes in the degrees and nm nutes of the posi-
tions, back azi muths which do not differ by approxi mately 180° fromthe
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forward azi muths, the nunber of figures in a length which do not corres-
pond to the characteristic of the logarithm etc.

Inlisting nanes of triangulation stations, especially those of var-
ious objects used as intersection points, the foll ow ng nethod shoul d be
used: Wite first the nane of the town or locality, next the nane of
the building or other object, and then the point observed upon; for
exanpl e,

O Fallan, nunicipal water tank, finial. (M.)

Names of common obj ects should not be capitalized. The words
"church", "river", etc., should not be capitalized unl ess acconpani ed by
their distinguishing nanes.

Make sure that the nanes in the azimith col um correspond to the
nanmes in the first col um.

Deci mal points should be placed so that they will not be overl ooked.
More space should be allowed between the digit of the unit's place and
the digit of the tenth's place in a nunber. In other words, give the
deci mal point sone roomal so, so that a digit will not be witten over it
obscuring the decinal point altogether. A zero should be witten in front
of a decimal point in any nunber less than unity.

Check narks should not be bold nor made over a figure. ne figure
is often mstaken for another on the photostatic copies because of check
nmar ks made too boldly and nade over or too close to the figures. It is
suggested that for check marks colors of short wave | ength, such as green
and bl ue, be used so that they will not show too plainly on the photo-
static copy. The colors of long wave |l ength, such as yellow and red,
show too plainly on the photostat.

When checking a list of positions, corrections should be nmade lightly
in pencil, then the list should be returned to the one who originally nmade
it out. After he has agreed to the change, the incorrect value should
be erased and the correct value put in its place in ink. Cossing out
the incorrect value and witing the correct value above it crowds the
figures so that they can not be easily read on the photostat. In addition,
such practice gives an inpression of slovenliness.
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PROGRESS SKETCHES

As related to the above Regul ati ons, the suggestion is made, in order
to sinplify office procedure, that field parties submt their season's
progress sketches in advance of their season's report and triangul ation
conmputations, and that they request such blue-prints as will enable them
to transmt copies of all of themas a part of the season's report and,
in addition, a copy of the triangulation sketch with the conputati ons.

In the case of the season's report, unless this is done, the bl ue-
prints have to be bound into the report at some |ater date, perhaps after
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it has been routed through the divisions in an inconplete form In the
case of the triangulation sketch, if a blue-print of it acconpanies the
conput ati ons, the work of the mathenatician in charge of the files is
sonewhat sinplified.

Several parties are now following the procedure outlined, result-
ing in an appreciable saving of time as well as nore systematic routing
and filing of reports and records.

GECEETI C D PLAOVACY

(FromEnpi re Survey Review, Qctober, 1932)

An Ordnance Survey triangulation party conposed of a sergeant and
sapper, out on a small job the other day, managed to extricate thensel ves
froma tight corner rather neatly. Now, it is the usual customof the
O dnance Survey to obtain permssion fromthe farmer or occupier of |and
before starting digging or other operations uponit; cut, as this takes
up nuch tine, there is a tendency on small jobs to "chance it." On this
occasion the party "chanced it." The digging was proceeding merrily when
the farmer appeared on the horizon in the devil of a tenper. The ser-
geant, however, had got wind of the wath to come. Wen the farner was
within earshot, the sergeant's supposititious feelings found vent, vol ubly
frequent and painfully free, nore or less in the follow ng | anguage:

"l wish the blankety fools who sent me on this blankety job were in bl ank;
fancy the blighters expecting me to find a blankety brick that was

bl ankety wel|l planted here about the time of the blankety Flood!'" This
inflammatory solil oquy sonewhat took the wind out of the old man's sails.
Not only did it succeed in turning anay wath, but it even created a
synpathy so keen that he forthwith peeled off his coat and gave the party
a hand with the digging. He actually nanaged to find the brick hinself
and was so elated with his success that he invited themover to the farm
house for a mug of al e.

FROM THE HYDROGRAPHER, U. S, HYDROERAPH C CFFI CE

In connection with U S. Naval surveys in Central American waters,
it is desired to consider the application of radio acoustic ranging for
| ocating ship's position while taking soundi ngs and ot her oceanogr aphi c
observati ons.

In view of the devel opment and successful use of the radi o acoustic
rangi ng met hod of |ocation by the Coast and Geodetic Survey, it is re-
quested that this office be furnished with such informati on as nmay be
avai |l abl e regardi ng the necessary equi pnent including specifications and
appr oxi mat e cost.

Detailed information as to the best procedure in the use of the
equi prent as derived fromthe experience of the Coast Survey will also
be appreci at ed.
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NOTES ON BUBBLE SEXTANTS AND GYRO HORI ZONS

(The following notes are froma letter recei ved by Captai n Rude
fromProfessor H N Russell of Princeton University.)

The extrenely interesting papers on the Georges Bank Survey, which
you so kindly sent ne, have reached ne here on ny vacation. | have read
themw th very lively enjoyment and | wi sh to express ny very hearty
thanks for them | amgreatly inpressed by the Bulletin of the Associ a-
tion of Field Engineers of the US.C. & GS You may all be justly proud
of it as an expression both of the admrable work of your Service and of
its equally admrable spirit.

The Georges Bank survey is of such great scientific interest that I
hope that it may be possible in the future to extend it across the Qul f
of Maine to the Miine coast.

May | rmake a few remarks about bubble sextants (suggested by those
on page 17 of the Bulletin for June, 1931). | had a great deal of exper-
ience with these whil e devel opi ng the navigation of airplanes in 1918-109.
The late Professor Wl lson of Harvard designed a bubbl e sextant which,
for an observer on a steady base, gave an average error of about 1.5
mnutes for a single altitude. It was perfectly easy to operate. By using
a smaller bubble, | believe that the accuracy coul d be i nproved.

In an airplane the average error is increased to 10 mnutes or nore,
due to the lateral accel erations which occur even with the best piloting.
At sea | found that the roll of the ship introduced errors of a degree
or nore even in fairly smooth weather. (This was on the Qunard S. S.
Carmania, 20,000 tons). To get rid of this error, which arises fromthe
hori zontal accel erati ons, the observer should be as near the netacenter,
about which the roll takes place, as he can get and still see the sky.
The bridge is the worst place. In consequence, | amrather skeptical of
the *French gyro-horizon, which gives an error of 2 mnutes regardl ess of
sea and roll. To do this one nust have a very long, free period of oscil-
lation - several tines that of the ship's notion - and | do not see how
such an instrunment will work well if held in the hand.

An English Naval officer, in discussing a little paper of mine on this
matter, once said that their solution was to order another ship in a convoy
wi th himbel ow the sun, neasure down to her water-1line, take her distance
with a range finder and then calculate the dip. But this woul d be usel ess
in foggy weat her.

If a gyroscopi c pendul umnounted in ginbals and properly danped coul d
be constructed so as to have a period of three or four mnutes and to carry
a plane mrror horizontally at its top, the problemmght be solved. Such
an instrunment woul d be heavy but m ght be permanent|y nounted above the
chart-house of a liner or on a survey ship and used as an artificial horizon

*Bul |l etin, Association of Field Engi neers, June, 1931, page 17.
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FATHOMETER CPERATI ON I N SHOAL WATER

R P. Eyman, H. & G Engineer, U S C &G Survey

During the season of 1932 the PATHFI NDER was engaged on what proved
to be a very interesting piece of work along the north coast of Luzon,
P.1., as regards the operation of the fathoneter in shoal water areas.

A large area of conparatively shoal water (9 to 20 fathons) extends
along the north coast fromAparri eastward toward Port San Vicente
t hroughout which the slope is extrenmely gentle. The bottom "level as
a floor", is conposed of fine, gray sand. This area is about 25 miles
long in an east and west direction and about 6 mles wide. Three hydro-
graphi c sheets, scale 1:20,000, were required to show the survey.

It was soon found that, with the close spacing of sounding |ines
required to develop the area, a large nunber of hand |ead soundi ngs
woul d be necessary before reaching the 15-fathom curve where the fatho-
nmeter (electric oscillator type) could be used satisfactorily. In order
to check the operation of the fathometer in shoal water and, if possible,
to speed up operations in the vicinity of the 15-fathomlinmts, a large
nunber of direct fathometer readings were recorded simultaneously with
the hand | ead depths. These conparisons were started in depths of 9
to 10 fathons and continued in the |later work to from18 to 20 fathons.

After studying the results of several days' conparisons, it appear-
ed that with only a snall correction applied to the fathoneter readings,
this instrument could be depended on to give reliable results throughout
this linmted depth range (9 to 20 fathons). Consequently, the sounding
operations were materially speeded up when a depth of 13 to 15 fathons
was reached by running alternate lines with the fathonmeter and the
internediate lines with the hand lead (with direct fathometer conpari-
sons) . It may be said here that the area of 13 to 15 fathons conprised
nore than one-third of the total area.

Soundi ng operations will be seen to be thus divided as follows:

9-13 fathons, hand lead (wth fathometer conparisons)
13-15 fathons, alternate hand | ead (wth conparisons)

and fat horret er
15-20 fathons, fathometer (wth numerous direct conparisons)

The interesting feature of this work is the remarkable reliability
of the fathoneter readings as shown in the follow ng tables of conpar-
isons and anal yses. A total of 1,768 conparisons were made giving a
nmean correction of -0.6 fathomto be applied to the fathometer readi ng
and with 70 per cent of all conparisons within one-half fathomof the
nmean and 89 per cent within three-fourths fathom

Tabl e 1 shows the nunber of conparisons on the various sheets, the
percent age of conparisons to various corrections, and mean corrections
for each sheet and for total area. Sheet No. 1 shows the |argest num
ber of conparisons due to the fact that a conprehensive study of conpar-



- 56-

isons was desirable to ascertain within what limts the fathometer coul d
be expected to operate with satisfactory results while conparisons on
the other two sheets were nmade only in sufficient nunber to give indi-
cations of the continued reliability of the instrument and/or any
changes in its operation.

Table 2 gives an anal ysis of these conpari sons show ng vari ations
at 0.1 fathomintervals fromthe mean correction in percentages for the
total nunber of conparisons and cumul ative percentages for all conpari-
sons within the same intervals.

TABL® I HI TABLE II
Fathometer Comparisons HE Analysis of Comparisons in
in 0.1 fathom Group Intervals :Percentages from Mean Correction
__Percentases in each Group :___(Mean correction = -0.6 fm.)
V.C. :No. comparisons:: :Percent: :Var. from :Percent :Cumulative :
Fath.:on hydro. sheets: -1 of : :the mean :within :percent in
fms, 1 “1 1 2 : £ :Total: total : :(-0.6 fm.):interval :interval
~2.0 P 1 3 0.2 : fms. :from mean:from mean :
-1.9 0.0 6.1 6.1
-1,8 6 2 8 0.4 * 0.1 18.1 24,2
~1e 13 5 18 1.0 0.2 12.5 36,7
-1.6 8 7 15 0.9 0.3 11.4 48,1
0.4 15.8 63.9
-1.5 15 18 2 35 2.0 0.5 6.1 70.0
~1,4 28 2 30 1.7 0.6 11.5 81.5
-1.3 47 17 64 3.6 0.7 5.2 86,7
-1l.2 59 61 1 121 6.9 0.8 4.4 91.1
~1,1 54 22 76 4.3 0.9 3.5 94.6
1.0 1.3 95,9
-1.0 162 63 3 168 9.5 1.1 2.5 98.4
-0.9 75 2 1 Q7 5.5 1.2 0.6 29.0
~-0.8 93 37 9 159 7.9 1.3 0.4 99.4
-0,7 94 58 19 171 9.7 + 1.4 0.6 100.0
-0.6 77 27 4 108 6.1 e
-0.5 10z 36 11 149 8.4 Correction Probability Curve
-0,4 63 14 4 81 4.6
-0.3 74 24 7 105 5.9 A =% of cor. within % fm.
-0.2 78 20 14 112 8.3 B = :,J woon " ; v
-0.1 21 5 6 32 1.8
19, e — ——
0.0 44 28 10 82 4.6 T °
+0,1 24 5 29 1.6 /"9
+0.2 23 20 4 47 2.7 be ;3"‘~ o o ks
$0.3 11 13 . 2 286 1.5 o i Yo ’ )
~0.4 2 5 1 8 0.4 & Jo ¥ %
g\ J [o) ‘\ o
#0.5 12 10 4 26 1.5 o | AT
+0.6 2 1 3 0.2 % o=l [0
*0.7 1 a4 2 7 0.4 o I ofo‘eo
0.8 & 2 3 8 0.4 0,.090 , : 0_3ea
ﬁotal 1133 527 108 1768 100 ~2.0 ~T.% Tms. 0.0 +IL0
ean

¢oT. ~0.7 ~0.7 0.4 -0.85
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ECHO SOUNDI NG
The G aphi ¢ Recor der

G T. Rude and K T. Adans, H & G Engi neers,
U S Qoast and Geodetic Survey.

If the average man were asked al ong what |ines the nost progress had
been nade during the current depression he woul d probably be at a | oss for
an answer or woul d perhaps say that there had been no progress. However,
if a scientist, engineer, or one closely connected with the scientific
worl d, were asked the sane question he would unhesitatingly reply that
the nost progress had been nade in scientific research.

The G aphi c Recorder, as developed in this country, has energed from
the depression and the Subnmarine Signal Conpany, in addition to this in-
strunment, has perfected certain inprovenents and innovations connected
with the Fathoneter in which the nenbers of the Field Association shoul d
be extrenmely interested. And this is especially so inasmuch as the in-
stallation of one of these instrunents on the Ship OCEANOGRAPHER has been
approved for the near future and may quite probably be in progress by the
tine this article appears in print. In our enthusiasm we venture to pre-
dict that efficient and econom cal operation will be advanced by the in-
stallation of these new instruments on many of our other vessels.

In order to bring readers historically up to date in regard to the
devel opnents of echo sounding as used by the Coast and Geodetic Survey,
a short review of the different types of Fathoneters with their outstand-
ing characteristics seens advisabl e.

The first Fathometer used by this Bureau was installed on the Ship
LYDONA late in 1925 and was the type 312. Since that date type 312 or
sone nodi fication thereof has been installed on a | arge percentage of our
ships and is at present a part of the equipnent of the followi ng: SURVEYCR
D SCOVERER PATHFI NDER Pl ONEER, GUI DE, FATHOMER, LYDON A* and
OCEANOGRAPHERY .

Fat honeters of type 312 originally contained a mechani cal rel ay,
whi ch everyone except the nost junior officers will well renenber on ac-
count of the difficulty of keeping this relay in adjustrment. V¢ believe
there are no nmechanical relays now in use on our ships, all circuits hav-
ing been changed so that relays are unnecessary. The outstandi ng charac-
teristics of type 312 are the use of a tuned oscillator for all depths and
the graduation of the dial fromzero to 100 fathons for the visual red
light nethod and fromzero to 600, and multiples thereof, for the aural
white |ight nethod.

The next radically different type is nunber 412, the prom nent fea-
tures of which are the use of a snall striker and a dial graduated from
zero to 130 fathons for the visual red light method. There is no aural
white light method and this type is therefore restricted to | esser depths

*It will be noted that these vessels each have two Fathoneters, types 312
and 412. '
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in which the echo is loud enough to actuate the fast red light. Type
412 is now a part of the equipnment of the follow ng ships: @ LBERT,
WESTDAHL, NATOVA, COCEANOGRAPHER and LYDONLA.  The first three are ships
of a snaller size which are not expected to sound of fshore and the |at-
ter two are equipped with two Fat horeters.

The nost recent type of Fathoneter is nunber 515 which is really
two instrunents in one. The principal features of this type are the use
of a large striker and a separate anplifier for the visual red |ight
nmethod, with the dial graduated fromzero to 125 fathons; and in addi-
tion the use of an oscillator with separate anplifier for the aural white
light method, with a dial graduated fromzero to 500 fathons and mul ti -
ples thereof. A this date the HYDROGRAPHER is the only ship having
type 515 as a part of her equi prent.

Type 480 Fathometer is simlar to type 515 except that it is limt-
ed to visual red light soundings at fast speed and that the dial is
graduated fromzero to 130 fathons instead of fromzero to 125 fathons
as is the case in type 515. It uses a striker and has no aural white
light nethod of sounding. In type 480 the signal is emtted once each
two and a half seconds and thus 24 soundings a minute are obtained. This
particular type of Fathoneter is not installed on any of our ships.

The G aphic Recorder type 505 is an attachment which automatically
nakes a graphic record of the depths obtained by the red light and whi ch
can be used with Fat honeters types 515, 480, and 431; as it is now con-
structed it can be used with these three types only and for recording
soundi ngs obtained by the fast red light only. Mechanical difficulties
which will be discussed later in this article preclude any other use
wi thout further devel opment. Recently between Boston, Massachusetts,
and Yarnouth, Nova Scotia, the authors inspected the operation of the
G aphi ¢ Recorder #505, in use on type 480 Fathoneter with an anplifier
of type 484. Al description of operation nust therefore be understood
to apply to these instruments unl ess nention is nade of sone other type.

The graphic record is made on a red paper coated with thin white
wax simlar to that used with the latest portable automatic tide gauges.
This paper is in long rolls about seven inches wi de and carries an over-
print scale indicating the depth by vertical lines at five fathominter-
vals and the tine by arcs at five mnute intervals. The paper is led
vertically across the face of the instrument; it is fed at a speed of one
inch inten mnutes, and since 24 soundings a mnute are obtained, there
are 240 recorded soundi ngs per inch or enough to nmake a solid graph. The
vertical lines indicating five fathomintervals of depth are slightly
nore than I/4-inch apart, which nakes each fathomof depth represented by
a linear distance on the graph of slightly l|ess than |/16-inch.

Fromour observation it is possible to estinmate visually, at the time
of sounding, depths to the nearest half fathomand tinme to the nearest
half mnute and it is probable that, after the record is renoved fromthe
instrument, depths to the nearest 1/4 fathomand time to the nearest |/4

mnute can be readily obtained by using a suitable transparent scale.
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The recording stylus is carried on a revolving armwhi ch i s nech-
anically coupled to the motor of the Fathoneter and nust revolve at the
sane relative speed at which the disc is revolving. This armcarries a
magnet el ement which holds the stylus away fromthe paper at all times
except when actuated by an inpulse in the anplifier; this inpul se causes
the stylus to drop on the paper nonentarily. O course where it touches
the paper it renoves the wax, naking a short nmark, the beginning of which
is the record of the sounding.

The magnet elerment in the revolving armis actuated by the sane cir-
cuit which causes the neon tube to light and in very much the sane man-
ner. It is incorrect to visualize the neon tube as operating the re-
corder, the fact being that the circuit operates both the neon tube and
the magnet elenent at the sane tine. No doubt need be felt about obtain-
ing a conplete record of the red light soundings for, as a natter of fact,
the graphic record can be made on a slightly weaker signal than that nec-
essary to light the neon tube.

In conparing Fathoreter type 480 and the G aphic Recorder with the
Echonet re* whi ch was inspected by one of us about a year ago, we judge
that in depths of less than 130 fathons there is not nuch difference in
operation. It is true that the graphic record of the Echonmetre is not
limted as to depth but that limtation of the present G aphic Recorder
appears conparatively easily overcone. The advantage of the Echonetre
lies in the ultra-sonic feature and the fact that exterior noises will
not cause strays. Qur inspection of the G aphic Recorder showed practic-
ally no strays within the limts of the depths reached, but there are
possibilities of strays when sounding greater depths or when on a ship
on whi ch there is nore noi se.

In operation the present instrument is so sinple there is little ex-
pl anati on possible. There are no adjustnents to be made. There is a
start and stop switch button and there are no rheostats. nce properly
adj usted the instrunent needs no attention and graphically records a pro-
file of the ocean floor. On the return trip fromYarnouth, which was a
night run of about thirteen hours, we watched the instrunent until about
m dni ght when we turned in leaving the Fathoneter in operation. In the
norni ng an exanmnation of the record showed a practically perfect graph,
all depths fromb5 to 130 fathons being recorded w thout one sounding
m ssed, and without strays, although at times the depths increased and de-
creased rapidly owing to the extreme irregularity of the bottomof the
Qil f of Mine.

The graphic records made on our trip and other records which we have
exam ned show practically no strays. Wat a relief this is, only officers
who have had | ong experience with the ol der types of instruments can
appreciate. However, this is probably to be credited to the striker and
a good installation and can not be considered a feature of the Gaphic
Recorder, which nust and does record whenever the neon tube fl ashes.

* For description, operation and record see Field Engineers' Bulletin
#4, Decenber, 1931, page 81.
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The record made on the S. S. YARMOUTH (see acconpanyi ng pl ate) shows
the outgoing signal as well as the depth as indicated by the return echo.
This feature would be very valuable to us, as it woul d al ways give the
depth as indicated by the interval between the two signals, and would
elimnate uncertainties due to the gradual changing of the tine of the
outgoing signal which in some installations has given trouble. V& are in-
forned, however, that it is not always possible to show both outgoi ng sig-
nal and the return echo when using the autonatic sensitivity control,
this dependi ng somewhat on the amount of shielding possible in installa-
tion.

The autonatic sensitivity control is not standard equi pment on any
type Fathoneter at the present tine. It, however, was in use on the in-
strunent inspected and its performance was practically perfect. It is
so nuch better than a nanual |y operated rheostat that we recomrend that
it be specified as a part of any Fathometer which is obtained by this
Bureau in the future. Ananually operated rheostat can be installed for
use in case of possible failure of the automatic control. The autonatic
control varies the sensitivity to just the exact val ue needed to actuate
the red light, no nore nor less, and is certainly nore perfect than any
manual adjustnment can be. This perfection of adjustment elimnates strays
alnost entirely so long as the received echo is above the noise | evel,
and it also elinnates the necessity of any attention on the part of the
oper at or .

The equi prent as designed at present is limted to depths of 130
fathons and to one paper feed speed of 6 inches an hour. However, there
are possibilities for nodifications along several lines if they are found
desirable in the instrunents used by our Bureau.

The first nodification which occurs to us is that it woul d be prac-
tically possible to have one, two or three nore revol ving arns each carry-
ing its own magnet el ement and recording stylus and each succeeding arm
set exactly at right angles to the next preceding arm Wth these mul -
tiple arns, the present armwoul d record soundings fromzero to 130
fathoms, the second from130 to 260 fathons and so on in multiples of
130 fathonms. This woul d be mechanically sinple, the one apparent diffi-
culty being that a different scale of depth graduations woul d be nec-
essary for other arns after the first, on account of the fact that the
begi nning of the present scale is distorted to nake all onance for the
hori zontal distance between the hydrophone and oscillator. This diffi-
culty nmight be overcome by having two scales printed on the paper, which
woul d probably be confusing, or better, by using, for depths over 150
fathons, a transparent tenplate with the correct scal e of graduations for
t hose dept hs.

Anot her nodification, probably desirable, is that of having nore than
one paper feed speed. A faster speed woul d space the soundings | ess
closely with a nore accurate deternmination of the time, which would be ad-
vant ageous in uneven bottomor in areas conparatively close inshore, while
a slower speed coul d be used in offshore areas or over even bottom
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V¢ also consider that it would be quite desirable to use the G aphic
Recorder with the so-called slowred light. This is inpossible with the
present nodel because the revolving armis nechanically coupled to the
nmotor and, as is well known, the notor runs at a constant speed whet her
the fast or the slowred light is inuse. Therefore, to use the slow
red light with the recorder it woul d be necessary to provi de neans for
slowi ng the speed of the revolving armin the sane ratio as the speed of
rotation of the disc is slowed. This slow red light nethod, assumng the
revol ving armwere slowed down, would al so necessitate another scal e of
depth graduati ons on the paper. Wth the multiple arns, as described
above, however, the slowred |ight mght be used wi thout any other nodi -
fication, except that some neans woul d be necessary for indicating on the
paper which armwas recording, in order that the proper constant could be
added to the soundi ng as recorded.

A necessary additional feature is one which will permt the record-
ing of the tineof a "fix" directly on the record. Cficials of the Sub-
mari ne Signal Conpany assure us that it wll be quite sinple to have a
push button to hold the stylus down so that it will drawa line entirely
across the paper. This would indicate the "fix" but it would not identify
it. Therefore, there should be sone nmeans of marking these positions at
the time so that the graphic record could be correlated with the record
of positions. It mght be possible to install a consecutive nunbering
stanp so that the position nunbers can be stanped on the record.

Cf course, for our work it will be necessary to have a speed indi-
cator on each instrunent so as to show at all times that the speed is

const ant .

There are various advantages to a graphic record, anong which are the
fol I ow ng:

(a) The record is made regardl ess of the attentiveness of the observ-
ing officer or whether or not there is an observer. The graphic record
made on our inspection trip showed several shoal areas, the |east depths
of which could easily have been m ssed by visual nethods. After a change
of our sounding routine it is probable that one officer's services on the
bri dge can be el im nated.

(b) The graphic record shows the extremes of the pinnacles and de-
pressions, both as to depth and as to time, bringing the irregularities
of the bottomto one's attention visibly and forcibly in a way that no
nunerical record can ever succeed in doing. The nunerical record of
soundi ngs has the additional disadvantage that, in averaging, it may have
snmoot hed out sone of these irregularities. An actual case taken fromthe
graphic record showed where the depth shoaled quite rapidly from77
fathonms to 65 fathons. The base of this pinnacl e was passed over in 55
seconds and the summt in about four seconds, so that there were only 14
soundi ngs on the shoal of which only two showed the least depth. It is
questionabl e whether this |east depth woul d have been obtai ned by vi sual

net hods.

(c) A conparison of any one sounding is always possible with one or
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several on each side of it and there should be no doubt as to whether a
sounding is correct or not.

(d) The actual record can be preserved so that at any tine in the
future if doubt should arise as to a certain sounding it can be checked
At present any one sounding is a very fleeting thing. It is visible a
very small fraction of a second and then gone forever. Thereafter it is
preserved through verbal and witten channels which can be in error.

(e) Final soundings can be scaled fromthe graphic record under the
best conditions and any desired anount of time can be taken to obtain
accuracy. Under present nethods final soundings nmust be obtained at the
instant of sounding and the red light nmust be read in the very small frac-
tion of a second that it is visible.

The present routine of sounding and recording will no doubt have to
be nodified in some respects when using the Gaphic Recorder and the fol-
| owi ng ideas inmmediately occur to one:

Transparent tenplates for accurate scaling of depths and tines
will be necessary and probably these should be of glass, rather
than celluloid, with the scale on the under side and the gradua-
tions made in the finest lines possible. These can be sinilar
to the tenplates used in scaling radio acoustic ranging distances.

A met hod nust be adopted of correlating the sounding record
with the graphic record. WIIl it be necessary to record the
scal ed soundings in the sounding record or can they be put dir-
ectly on the snooth sheet? The requirenents of the Chart Divi-
sion will probably dictate this. Shall just the critical sound-
ings, that is, the deepest and the shoal est, be recorded in an
area of uneven bottom or shall soundings at regular intervals
be recorded with the critical soundings in addition?

A nmethod of handling and filing the graphic records nust be
devel oped. The waxed paper will stand considerabl e handling
Wit hout becoming too nutilated, but it should not be handl ed
unnecessarily, probably sone systemof filing the records in
rolls nust be adopted and they of course can not be subjected
to too nuch heat.

Can the services of one officer, he who usually reads the Fath-
oneter, be dispensed with on the bridge? Soundings can be esti-
mat ed by eye both as to depth and tinme closely enough for the boat
sheet and in fixed position work; at |east, the officer taking
left angle can usually read these off between positions.

We hope that this description of the new Graphic Recorder will nake
its appearance eagerly awaited and that the mere suggestions above will
incite officers to think along these lines, so that with the adoption of
the new instrunents the nost desirable routine in connection with its use
can be quickly adopt ed.
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THE TI DE AND CURRENT SURVEY CF NEWYORK HARBCR
I. EE Rttenburg, H &G Engineer, US C &G Survey

The object of this survey was to secure a conprehensive tide and cur-
rent survey of New York Harbor and adjacent waters in order to furnish
data that would permt the determnation of the tine, velocity, and direc-
tion of the current at any desired point; the relationship of the time of
sl ack water and strongest velocity of the current in the waterways; the
conputation in advance of the turning of the current throughout the water-
ways; any local peculiarities of the current with reference to shipping,
har bor engi neering and sanitation; the determnation of the tidal condi-
tions throughout the waterways; the tidal flow on the ebb and the flood in
the various sections of the waterways; all information in general that
woul d be of value to the public in the determnation of the tides and cur-
rents; and to find out what changes, if any, had taken place in the char-
acteristics of the current and tidal streans since the previous survey in
1922.

Because of the peculiar characteristics of the tidal and current
streans of the waterways of the New York Harbor area, any conprehensive
survey of these waters which would actually cover the area adequately
woul d of necessity be a large undertaking and its cost woul d be prohibit-
ive for the Coast and Geodetic Survey al one, on the regular annual appro-
priations. This year an unusual opportunity was presented by the Gty of
New Yor k Enpl oyment Committee allotting sufficient funds to enpl oy sev-
eral hundred nen to read tide staffs, day and night, for about five nonths.

Cooperating with the U S Engineers and the Gty of New York Em
pl oyment Committee, a tide and current survey was nade this past season,
whi ch, when conbi ned with previous work of this nature in the New York
area, conpletely covers the waterways of this harbor. |In addition, data
were obtai ned fromwhich the changes in the tidal and current streans,
due to continual dredging and buil di ng, can be ascertained. 1In general,
the division of the work outlined anong the Gty of New York Enpl oynment
officials, the U S Engineers, and the Coast Survey was that the nmen
paid by the Gty of New York secured tidal observations by reading tide
staffs located at various places and working under the direction of the
U S Engineers. These tide staffs were nunerous enough so that when the
results have finally been tabul ated and reduced, there will be avail abl e
data fromwhi ch an exact know edge of just what happens in New York Harbor
tides will be had. The U S. Engi neers obtai ned current observations at
four cross sections, which were to be observed for relatively | ong periods,
| ocated near Hel|l Gate, off the Battery in the East Rver, off the Battery
in the Hudson R ver, and in the Narrows. The observations were nmade from
their barges and one station in each of the cross sections was occupied
for a period of one month. These nonthly stations served as the control
stations and will be analyzed harnonically.

The Coast Survey Launches, ECHO RODGERS, and M TCHELL constituted
the nobil e section of the work, occupying and observing the stations at
whi ch short series of observations were to be obtained. |In addition, 19
autormatic tide gauges were to be installed and run for varying periods
of tine. Due to the manner in which the work was pl anned and al | ocat ed
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to the respective organizations, no overlap or duplication of effort de-
vel oped throughout the entire season.

O June 10, 1932, the entire party sailed fromWods Hol e, Mass.,
where the launches used had been stored, for New York, stopping at Oyster
Bay, N Y., toinstall a gauge and at Wllets Point, N Y., to inspect
anot her gauge. The party arrived in New York on June 15, 1952. Feld
wor k was begun on June 20, 1932, and ended on Cctober 8, 1932.

The party consisted of the above nentioned three | aunches. Aboard
each of the launches were 1 officer, 1 gasoline engineer, 1 cook, 1
coxswai n and 5 observers. The observers stood regul ar watches in rota-
tion of 6 hours on and 12 hours of f, whi ch worked nmuch better than the
regular 4 on and 8 off.

In general, the observations were nade in accordance w th Speci al
Publication No. 124, Instructions for Qurrent Surveys. Belowis |isted
the deviations fromthis manual as practiced for the past few seasons.

Instead of using the taffrail pelorus as described on page 6 of the
above nentioned publication, a 5-inch dianeter boat conpass was secured
to the deck by nmeans of a section of brass pipe about 5 feet high. A
pel orus was then fitted over the conpass and all bearings to the current
pole were taken with this pelorus. This gives the advantage of a direct
bearing on the current pole being obtained rather than having to relate
the bearing obtained with the taffrail pelorus to the conpass and then
add or subtract 180 degrees. After dark a focusing flashlight wll pick
up the current pole ordinarily, but where the velocity of the current is
so strong that the pole is too far away fromthe observing boat, the pole
can be hauled in until the flashlight can illumnate the pole for taking
t he beari ng.

Wth regard to neter observations, it has been found that for cur-
rent velocities up to 3 or 3% knots, the weight and wi nch described on
pages 7 and 8 of the above nentioned publication can be dispensed with.
This winch only adds one nore piece of apparatus for the observers to
stunbl e over at night. Invelocities of less than two knots, the 15-1b.
wei ght furnished with the nmeter was found sufficient to hold the neter
vertical. Wth greater velocities the 15-1b. weight was repl aced by the
25-1b. weight, also furnished on requisition. It is ny belief that in
currents of greater than 4 knots velocity, nothing will hold the neter
vertical unless the heavy wei ght described on page 8 and intended for use
with the winch should be placed on the bottom This, of course, would
either necessitate the anchoring of the launch fore and aft or the rais-
ing and lowering of the weight near the tine of slack water or whenever
the launch is about to swing. Even with the heavy wei ght on the bottom
it is doubted whether the meter can be kept at a consistent depth in these
very strong currents as there would be a tendency for the nmeter to
"clinmb" the cable due to the bight which the pressure of the current would
cause on the neter cable.

It should be renenbered that the description of the neter and in-
structions for the care of the neter, page 9, Special Publication No. 124,
apply only to what is now called the old type neter. This neter is
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shipped fromthe office in a box resenbling a suitcase. The new type
meter will be shipped in a box resenbling a chronormeter case. The
nmeters are slightly different, especially in the contact point used and
the pivots and bearing assenbly. The pivot points were inspected daily
to insure against using a worn pivot and the bearing cl eaned about once
during a watch to prevent rust and friction resulting fromrust.

A great help in hearing the "clicks" of the meter devel oped by one
of the nmenbers of the party last year is to make a nmould of ordinary
cup grease around each binding post on the outside of the neter. This
i ncreases the |oudness of the contacts, probably by preventing shorting
across fromone binding post to the other.

It was found this past season that stop watches equi pped with non-
breakabl e crystals, rather than with glass crystals, gave much better
results. Heretofore nuch troubl e was experienced in the stop watches
stopping after having run a few seconds, crystals breaking, or the watch
refusing to run at all. There was always a shortage of stop watches.
Thi s season, however, stop watches were furni shed wi th non-breakabl e
crystals and for some reason or other only one watch gave any troubl e
t hroughout the entire season.

It is thought that a fewhints in the locating of trouble which
m ght occur would not be amss here. There are only five causes which
stop the proper functioning of the current meter. A great deal of tine
can be saved by knowi ng what to |look for. Belowis listed the procedure
usual ly followed in repairing the wiring and the neter, given in the
order of inportance.

1. Make sure that all connections of the wiring are good. This
can be done by a glance and a touch at the batteries, neter and sound-
i ng machi ne.

2. Make sure the contact point is actually nmaking contact in the
chanber. This can be done by taking the chanmber top off, pouring out
the oil in the chanber whi ch exposes the contact point to full view

3. Test the earphones and make sure they are in good condition
and properly connect ed.

4. Then test the batteries and make sure that they have not run
down. This is very unlikely as one set of batteries will usually |ast
a full season, but in doing this all connections are automatically
tested and tightened.

5. If the trouble is still unlocated, the chances are that there
is abreak in the neter wire fromthe soundi ng machine. As this break
isusually in the neter end of the wire, ordinarily cutting off a few
feet of wire at that end will suffice. However, there are tines when
it is necessary to cut off twenty or thirty feet of this wire. The
nmeter wire being covered with insulation, it is of course alnost im
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possible to locate the exact place where the wire is broken, but after
rewiring the neter, sinply put the neter inthe water and if it works
it is fixed.

Sonetines it so happens that the meter will work perfectly on deck
but as soon as it is dropped into the water the clicks have either dis-
appeared or are very faint. This is due to either a poor connection
or the neter wire having becone thoroughly soaked with salt water, caus-
ing a short circuit. Proceed as above and the trouble will be elim-
nat ed.

GRAVI TY DATA ON THE NI LE DELTA

In a progress report, show ng the work done in Egypt during the
years 1927-50, printed in 1931, is an account of the gravity work done
on the Nle Delta.

As is well known, the deltas of the great rivers of the world have
been built up of enornmous anounts of sedi nents which, presumably, are
an extra load on the earth's surface. The question of whether or not
this | oad has been conpensated for by a depression of the crust into
subcrustal space has been debated for many years. Sone claimthat the
equi libriumof the crust is restored while others, especially anong the
geol ogi sts, claimthat the crust of the earth is strong enough to hold
up the added wei ght.

This report shows that a station was established at Cairo, another
one at Baltim at the extrene northern linmt of the delta, and three
other stations very nearly equally spaced between the extreme stations.
The report in question contains this sentence: "The anonmalies all in-
dicate that the whole mass of the Nle Delta is practically in a state
of isostatic equilibrium"

The anonalies for four of the stations are positive and negative
for the other, although one of the anonalies has a val ue of only +. 001
gal. The largest anomaly is at the extreme northern tip of the delta,
at Baltim where it is +.051 gal. An anonaly of that size could be
caused by an excess of rock of normal density, about 1500 feet in
thickness. It is reasonably certain that the thickness of the delta
nmaterial under Baltimis from210,000 to 20,000 feet so, even with such
a large anomaly as is found, nost of the mass representing the debris
deposited by the river has been bal anced by the depression of the crust.

For sone years the publications of the Coast and Geodetic Survey
have indicated gravity anormalies in "dynes", but there is a w de use
now of the term"gal", one gal being equival ent to one dyne or one
centimeter per second per second. It is probable that the term gal
will be adopted for use in the observations of the Coast and Geodetic
Survey in the future.
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OONTRCL SURVEYS OF ROCHESTER NEW YORK, AND ATLANTA, CGECRG A

Earl O Heaton, H & G Engineer, US C & G Survey.

(The article by Lieut. R W Wodworth appearing in the Decenber,
1951, Bulletin on "Triangul ati on Gadgets for Gty and Harbor Control
Surveys" elicited favorable coments fromengi neers, both within and
outside the Service. Wile the responsibility for city control sur-
veys, as such, rests on the cities concerned rather than on the
Federal Government, it is a common occurrence for our first order and
harbor control schemes to cross or enbrace portions of large cities.
Recent cases are the cities of New York, Norfolk, R chnond, and
Detroit. It seens appropriate, therefore, that our engi neers shoul d
be faniliar with the average requirements of city control surveys and
with the special problens that arise in connection with them M.
Heat on here gives us sonme very useful infornation based on an ex-
tensi ve experience on that class of work. Ed.)

In 1935 the U S Coast and Geodetic Survey executed a geodetic con-
trol survey of the Gty of Rochester, New York, in cooperation with the
Gty Bureau of Map and Survey. Then again in 1926-1927 a sinilar survey
was nade for the Gty of Atlanta, Georgia, in cooperation with its Public
Wr ks Depart nent.

Bot h of these projects were requested by the cities and were under -
taken by the Coast and Geodetic Survey principally for public education
along these lines, and also as a test far specifications, which were
drawn up for this type of work by the D vision of Geodesy of the Coast
and Geodetic Survey. These specifications will be enurerated | ater and
comments nade as to their suitability for the work.

The prinmary purpose for which the Gty of Rochester wanted a geo-
detic survey was for the control of a new set of assessnent maps which
it was having made. Each city lot was being resurveyed and reassessed,
and it soon becane apparent that a control survey woul d be necessary.
This control survey would then place all other surveys on the same datum
pl ane, so that eventually the coordinates of each individual parcel of
land, as well as its geographi c position, would be known.

The primary purpose for which the Gty of Atlanta wanted the survey
was for the control of a new topographic map and also to control the
cadastral survey which was being started. The topographic map was to in-
clude the entire city and its environs. It was to be used in the design-
ing of new sewage disposal plants and for renmodeling and enl arging the
antiquated sewer system which was rapidly becom ng i nadequate. Wth an
accurate topographic map of the entire area in question the drai nage
coul d be properly studied and designs made to fit present and future con-

di tions.

Anot her inportant use of geodetic control for cities is for the
control and coordinati on of the underground mappi ng of water mai ns, gas
mai ns, electric conduits, subways, etc. |t seens that nost cities have
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been very negligent about keepi ng adequate records of underground con-
struction projects. |If all such projects were properly coordinated to
the control survey, it would elimnate untold confusion in underground
devel oprrents. As an exanple of the sad state of affairs existing, |
mght nention that | know of one case where a city street was excavated
for new construction and an ol d abandoned sewer was di scovered. The
city had no record of this sewer.

It is easy, even for the layman, to understand that if all survey
projects are properly coordinated into one large scherme, with all coor-
dinates known, mllions of dollars worth of litigationwll be elimnated.
Property lines are then fixed forever and are not subject to the con-
stant changes occasi oned by surveys whi ch depend upon uncorrel ated con-
trol points.

SPEQ FI CATI ONS

The specifications for geodetic control, as executed on the Rochester
and Atl anta surveys, were as fol |l ows:

Triangul ation: The summation R, and R, between bases, as defined
on pages 12 to 25 of Special Publication No. 26 of the U S. (Coast and
Geodetic Survey, should be not greater than 60 and 90 respectively. If
it is necessary to do so, a broken base nay be used, provided the term -
nal stations are intervisible and the | oop closure of observed angles is
made, and provided al so that no considerabl e el enent of the neasured
base has an inclination of nore than 15° to the final projected |ine.

Each base shoul d be neasured with an actual total error fromall
sources of not to exceed one part in 300,000, and with a probable error
of not nore than one part in 1,000,000. The neasurenents of each base
should be made with at least three invar tapes, so used as to give an
accurate and equal interconparison of their effective Iengths on the
neasurenent. The tapes should be standardi zed at the Bureau of Standards
both before and after the two bases are measured. In order to secure
the accuracy stated above, it is advisable that the uncertainties due
to the measured tenperatures and tensions, to the grade corrections de-
rived fromneasured el evations of the tape ends, and to the marking of
the tape ends should be elimnated to such an extent that the error from
no one source shall exceed, for the entire base, nore than one part in
800, 000. Wienever an error tends to be systematic and to be greater in
magni tude than the anmount stated above, such a nethod of measuring
should be adopted as will tend to elimnate it fromthe final mean of
the neasured | engt hs.

Met hods shoul d be used on the mai n schene triangul ati on which w ||
give an agreenent of better than one part in 100,000 between the neas-
ured length of the base line and its length as conputed through the
triangul ation fromthe base on the opposite side of the city, after the
side and angl e equations have been satisfied by the | east square ad-
justrment. Since this agreenent can not be known until after the trian-
gulationis entirely conpleted, it is suggested that nethods of observ-
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ing be adopted, which will secure a triangle closure of not to exceed
3", with an average not greatly in excess of 1.%25, which should give a
probable error for a direction of about C%75. Special attention nust be
paid in selecting tinmes for observing when the adverse effect of hori-
zontal refraction will not be narked.

The principal lines of the triangul ation schene should generally
be froml to 5mles inlength. It is desirable to have some overl ap-
pi ng of figures whenever the strength of the entire set will be mater-
ially strengthened thereby. As uniforma distribution of precise sta-
tions over the area as possible should be secured with an average of
about one for each five square mles of area. The stations on the outer
lines of the scheme should be so chosen as to pernit of expansion of the
schene outward at a future date.

In addition to the precise occupied stations a suppl enental precise
station for each square mle of area should be deternined by intersec-
tion fromat least three stations of the mai n schene, these suppl enenta
stations to be distributed as uniformy over the area as possible. b-
servations upon these suppl emental stations shoul d be nade with such
nethods as will give a probable error for a direction not greatly in
excess of 1".

Traverse: Since it is upon the precise traverse stations that the
city engineer nust rely for connections to his subordinate control |ines,
particular care must be given to the location and neasuremnent of the
traverse.

The traverse |ines between connections to precise triangulation sta-
tions should contain not nmore than 15 angle stations each. The ends of
the traverse lines should be connected to the triangulation in both pos-
ition and azimuth. Additional connections in position should be nade
between the traverse and suppl enental triangulation stations whenever
opportunity presents itself, but accurate connections in azimth can
usual |y be nade only to triangul ation stations which have been occupi ed.

The precise traverse lines should be distributed over the area with
as much uniformty as practicable, and, in general, should not be nore
than one mle apart. Traverse within the one mle squares will be of a
| ower order of accuracy and will not constitute a part of the present
work. Long narrow | oops shoul d be avoi ded and when the di stance between-
two traverse lines is less than 15%of the distance around the | oops
whi ch have those |ines as conponent parts, a connecting traverse line
should be run across the | oop. Wiere tw lines of precise traverse cross
each other they should invariably have an angle station at the intersec-
tion.

Wien a connection in azimuth is to be nade between a precise traverse
and a precise triangulation station, the angle observations for the con-
nection should have an error of not to exceed 2%0, and the connection in
di stance shoul d have an error of not to exceed 0.05 ft. with a check
determnation of the distance. The chief function of the triangulation
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is to provide proper position and angle control for the precise traverse,
and for that reason the connections between the two systens shoul d be
as strong as can be nade economcally.

The precise traverse stations should be spaced al ong the traverse
lines at a distance apart of not to exceed 500 yards. Cften two precise
traverse stations on the sane line, not adjacent, are intervisible, in
whi ch case the azimuths should be carried through the line by the fewest
stations, avoiding the shortest lines of sight. Care should be taken,
however, that no considerable portion of a supplenental |ine makes an
angle of nore than 25 degrees with the line of the mai n schene upon whi ch
it is to be projected.

Accuracy: The precise traverse systemw || be conposed of two sets
of lines. The first set will consist of those to be included in the
first adjustnment, which will be intimately connected with the mai n schene
triangulation and will divide the area up into blocks three or four mles
across. The second set of precise traverse lines will divide these |arge
bl ocks into smaller blocks containing about a square mle, and will be
adjusted into the precise traverse lines formng the perineter of the
bl ock.

The angl e neasures on the lines to be held in the first adjustnent
shoul d be made with such accuracy that the correction per angle to close
a loop of the precise traverse will not greatly exceed 2¢3 /274, where

a is the nunber of main angle stations on the line. Onlines to be
held in the second adjustnent the correction per angle to close the | oop
should not greatly exceed 395 /a/a , where a has the sanme significance

as above.

Precise traverse lines included in the first adjustnent should be
given two precise nmeasures with invar tapes. These two neasurenents
shoul d have an agreenent better than 10 mm /X, where K is the nunber
of kiloneters inthe line. Extrenme care should be taken to elimnate
systenatic errors on the traverse neasurenents, or at least to elimnate
their effect fromthe nean of the nmeasures.

Precise traverse lines included in the second adj ustment need be
gi ven but one precise neasurenent with an invar tape, but a rough check
nmeasur enent shoul d be nade with a steel tape to detect any bl unders be-
fore the conputations are nade.

A precise traverse line included in the first adjustnent, starting
froma point of the adjusted triangulation, should close in position
upon anot her point of the adjusted triangulation within one part in
25,000 of the length of the traverse line, after all tape corrections and
angl e corrections for |oop closure have been applied. |If the first clos-
ing error in position is greater than one part in 25,000, either the angl e
or tape measurement rnust be strengthened until the required agreenent is
secured. On lines of the second adjustment, the closing error in position
upon an adjusted point, either traverse or triangulation, should not ex-
ceed one part in 20,000 of the length of the line, after the tape correc-
tions and angle corrections for |oop closure have been nade.
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Leveling: Specifications for leveling are given in Special Publica-
tion No. 140 of the U S Coast and Geodetic Survey.

COMMENTS ON SPEQ FI CATI ONS AND RESULTS CBTAI NED

The precedi ng specifications proved to be very nearly what is needed
for the control survey of the average city, and the limts of accuracy
speci fied can be obtai ned w thout excessive cost.

It mght be well, however, to nmake the summations of R, and R, be-
tween bases | ower than those specified. |If they did not exceed 50 and
80, respectively, it would be nuch easier to carry the observations
t hrough between bases to result in an agreement of 1 part in 100, 00O.
It will be seen fromthe follow ng statistics that this agreement was
not quite attained on either of these projects.

Paragraph 5 was not followed on these surveys, because the terrain
was quite flat and the traverse could be accurately carried for |ong
di stances wi thout appreciable error. However, in hilly cities these
additional triangulation points would be necessary for furnishing nore
frequent checks on the traverse.

Table of Results in Rochester and Atl anta

Triangul ati on Rochest er Al anta
Nunber of triangles 37 68
Average triangl e closure 0493 1203
Probabl e error of an observed direction 0746 0% 66
Agreenent between bases 1/ 92, 000 1/ 73, 000

Traverse
Nunber of niles 56 55
Nunber of stations 186 205
Nunber of measured angl es 310 315
Average correction per angle 118 114
Nunber of sections taped 309 S08
Average length of sections taped 460m 420m
Average correction per section taped 1/ 75, 000 1/ 120, 000

Bases
Nunber of bases measured 2 2
Probabl e error of nmeasured bases 1/ 5, 700, 000 1/ 2, 100, 000

1/ 2, 900, 000 1/ 2, 100, 000

Level s
Nunber of mles 60
Nunber of bench narks 200

Maxi mum | oop cl osure 10. 2mm
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RECONNAI SSANCE

In maki ng the reconnai ssance for the triangulation, the first thing
to be decided upon was the nost suitable |ocation of the base sites. To
nake a proper selection of these sites it was first necessary to go over
the entire city area and nmake a thorough study of the topography. After
this study had been nade, it was found that two bases on each of these
projects would be sufficient. These were placed outside of the city, and
on opposite sides, so that the main schene triangul ati on woul d pass over
the city and be directly controlled by them

After the base sites were selected a search was nade for tall build-
ings of permanent construction which could be used as triangul ation sta-
tions to avoid building a great nunber of tall signals. Tall signals are
expensive, and, in addition, it is often desirable to, have stations on
bui | di ngs because they nmay be nore convenient for use by the |ocal engi-
neers on any program of triangul ati on expansion.

In the selection of triangulation stations, the two nost inportant
features kept in nind were: permanency of the mark and conditions of
refraction which mght possibly cause trouble in naking observati ons.
Wien bui | di ngs were used, great care was exercised in choosing those of
a reinforced concrete type or well built stone structures such as new
school buil di ngs, new of fice buil dings, new apartment houses, or occa-
sionally a concrete water tower. School buildings were the nost conven-
ient structures to use because they belonged to the city and were open at
all tines to the party. Wien the roof of a privately owned building is
to be used, it is often difficult to obtain the owner's consent, and then
| ater, when the observations are bei ng made, nany del ays and i nconven-
iences result in gaining access to the roof.

Wi | e maki ng reconnai ssance for city triangul ation the problem of
lateral refraction must constantly be kept in nmnd. Large factory stacks
nust always be kept quite distant fromany of the lines to be observed,
unl ess these lines can be observed on holidays when the fires are out.

Li kewi se, trees, buildings and ot her obstacl es nust al so be avoi ded.

Bef ore maki ng the traverse reconnai ssance, the various city depart-
nments engaged in city devel opnment should be consulted in order to ascer-
tain if there is any preference regarding streets to be used for traverse
and also to learn what future plans for devel opnent have been made. |If
it is immaterial which streets are used, then those streets should be
sel ect ed whi ch have the | east amount of grade, trees, curves, traffic, etc.

In nost cases it was found best to have the traverse lines follow
along the sidewal k, for, in follow ng this course, the only interference
to the work was caused by pedestrian traffic and traffic at occasi ona
street crossings. The sidewal k was also found to be the nost stable and
satisfactory support for the taping tripods. These tripods placed on a
hot asphalt pavenent will sonetimes settle and ruin the nmeasurenent.

In selecting the stations for traverse, great care nust be taken in
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| ocating themwhere they will be of the utnost value to the | ocal engi-
neer and al so where they can be permanent|ly marked. Wenever practic-
able, the stations should be placed at street corners where it will be
an easy matter for the city to nmake ties to its street corner nonuments
and al so where it will be an easy matter to turn angles in any direction
on the intersecting streets.

Odinarily those stations which are placed in the line of the side-
wal k can be consi dered nore permanent than any ot hers, because the side-
walk line is practically the only part of a city street where nmanhol es,
electric conduits, water pipe , sewers, etc., are not |aid extensively.
Even when it is planned to place narks in the sidewalk line it is well to
consult the city planner first, to find out if there are any w deni ng
plans for this street, and, if so, the marks can be selected with this in
mnd. In cases of widening it was thought best to place the mark in the
pavenent about 15 inches bel ow the surface and covered by a manhol e cover.

In Rochester, the city retained a 1-foot strip of |and between the
sidewal k and all private property. Marks were often placed in this strip,
inlocalities where buildings were set well back on their lots and where
it was believed that future building activities would not be carried on
in close proximty to the wal k.

Each city has its own system of underground devel opnent with which
the man doi ng reconnai ssance shoul d becone thoroughly famliar. For
exanple, in Atlanta practically all water mains are placed 6 feet from
the east and north curbs of the streets and nearly all of the main sewer
lines are at the center of the street. |f such details are known, a
great amount of extra work digging holes for marks will be avoi ded.

GBSERVI NG STANDS AND MARKI NG TRI ANGULATI ON STATI ONS

In building observing stands on sem -permanent structures great care
was taken in their construction so that the instrument woul d have a
stabl e support. Wenever it was found necessary to use roofs of wooden
construction, the instrument stand was placed directly on the roof and
was wei ghted down with heavy weights or sandbags. Then the observers
scafford was supported on the walls and copings in such a manner as to be
entirely independent of the instrument stand or roof.

The station marki ng was acconpl i shed in various ways, dependi ng upon
the type of building used. |If the roof was of reinforced concrete con-
struction a Coast and Geodetic Survey standard disc triangulation tabl et
was set inadrill hole in the concrete with two standard di sc reference
marks set on the copings. n buildings of wooden construction the stand-
ard Coast and Geodetic Survey disc was screwed to the roof. The shank
was first sawed off and then three holes were drilled in the disc by which
it could be screwed to the roof. In cases where narks were pl aced on
wooden roof s or sem -pernmanant structures a standard concrete nonunent
withtwo reference marks were al so placed on the ground near the buil ding.
The ground nmarks were then connected to the roof mark, as described |ater
inthis article, so that they would hold the position in case the wooden
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roof was destroyed, or the mark displaced by re-roofing operations. Wen-
ever water tanks were used for occupation a small drill hole in the plat-
formserved as the tenporary station. This hole was then pl unbed down

to the ground by neans of a vertical collinmator and a standard concrete
nonurrent was set to hold the position permanently.

The mark whi ch Li eut. Wodworth describes in the Decenber, 1931,
Bul l etion of the Association of Field Engineers for narking stations on
roofs is an excel |l ent one.

MARKI NG TRAVERSE STATI ONS

(n the Rochester survey the permanent traverse nmarks and triangul a-
tion marks on the ground were nmarked in the follow ng manner: A gal van-
ized iron pipe 5 inches in dianeter and 4-1/2 feet long was fitted with
a standard Coast and Geodetic Survey triangul ation screw cap at its top
and a 9-inch dianeter flange at its base. This pipe was then filled with
concrete and allowed to stand until the concrete was set. A hole was
then dug 5-1/2 feet deep, 10 inches square at the top and 16 inches
square at the bottom and concrete was poured into this hol e surroundi ng
the pipe. This mark wei ghed approxi mately 850 pounds. 1In the majority
of cases, the bronze cap was pl aced about 8 inches bel ow the sidewal k,
or surface of the ground, and a heavy nanhol e cover 16 inches in diam
eter, bearing the letters US. C &GS., was placed above it for pro-
tection. Were it was necessary to place narks in the roadway the hol e
was dug deeper and the mark was dropped down to a depth of 18 inches be-
| ow the cover. These were excellent marks, but they proved to be quite
expensive. The type described bel ow, which was used on the Atl anta sur-
vey, was considerably cheaper and probably just as good. Al pernanent
ground rmarks placed in the city shoul d be covered with a manhol e cover.

In Atlanta the stations were nmarked in the follow ng manner: First,
a 1-inch twsted iron rod 5 feet |ong was welded to the shank of the
standard Coast and Geodetic Survey disc. This was then placed in a hole
in the ground and concrete was poured around it, so as to forma nonu-
ment 8 inches in dianeter on top, 15 inches in diameter at the base and
5 feet long. Wen located in fields or in the sidewal k, the surface of
the mark was placed 8 inches bel ow the surface of the ground, or wal k, and
a cast iron manhol e cover bearing letters US. C. &GS. was set in cenent
above it for protection. This cover was 12 inches in diameter and 8
i nches deep, weighing approxinately 100 pounds. Marks located in the
roadway had their tops 13 to 15 inches below the covers. This type of
mar k wei ghed approxi mately 600 pounds.

Whenever narks were placed in the sidewal k, or pavenent, a quick-
setting cenent was used. This would allow the traffic to pass over it
agai n very soon.

TR ANGULATI ON CBSERVATI ONS

Al'l horizontal directions in the main schemes were observed at ni ght
and it was al so found best to observe all second order angles at night.
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Several sets of daylight observations were observed at one second-order
station without obtaining the desired result, which was |ater easily-
obtained at night. Intersection points and vertical angles were ob-
served in the afternoon

The instruments used were the sane as on any other work of first
order accuracy. They were as follows: The 12-inch Coast and Geodetic
Survey nodel theodolite and the H | debrand 8-inch theodolite for hori-
zontal direction measurenents, the 7-inch Berger theodolite for verti-
cal angl e nmeasurenents, the vertical collimtor for plunbing high ob-
serving stands, automatic lighters and standard el ectric signal |anps
for use as targets. Inusing the standard triangulation signal lanmp it
was tried with a frosted glass, in order to elininate any possible
eccentricity inthe reflection of thelight. This was found to be im
practicabl e because the intensity of the light was then too weak to be
visible over the snoky and hazy |ines encountered in city work.

The automatic lighters were found to be a great hel p where it was
necessary to have signal |anps on top of corporation buildings which are
usual |y closed at night. By using the automatic lighters, these |anps
could be posted in the afternoon with the lighting device set so that the
light woul d be automatically turned on at sundown, or any other hour that
i s desired.

Si xteen positions of the theodolite circle were used in measuring
horizontal directions and these were found to be sufficient to obtain the
specified triangle closures. It was found, however, that much greater
care was necessary in centering and pointing the signal lanps on this work
than is necessary on |arge schene work. It is believed that practically
all of the large triangle closures which were encountered were caused by
i nproper pointing of these |ights.

Wien permanent triangul ati on narks were set on the ground to hold the
position of a sem-permanent roof mark, the ground mark was first plunbed
up and marked by a small nail on a novabl e scaffold whi ch extended out
fromthe roof. A direction and di stance were then nmeasured to the nai
fromthe roof point in order to deternmine its position. The position of
the nail would then represent that of the ground mark. |In transferring
the ground point to the scaffold, two transits were first adjusted, so
that the bubble error would be very small. They were then set at right
angl es to each other, at sone distance fromthe ground mark, and two ob-
servers made similtaneous pointings fromthis nmark to the nail in the scaf-
fold, with the instrunents in a direct and reverse position. Manwhile a
man on the roof, directed by the two observers, noved the scaffold unti
the nail was in the proper position and then nade it fast. Geat care nust
be taken with the transit levels in this operation. For exanple, if an
instrunent one mnute out of level is placed 100 feet distant froma ground
mar k, naking a 45-degree angle with the point on the roof, the displ ace-
nment in transferring one to the other is about .03 feet. Wth the two in-
strunents and the precautions taken, it is believed that such points on
these two surveys were transferred with an accuracy of .01 foot.
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BASE LI NE MEASUREMENTS

The instruments used on these base neasurenents were the sane type as
those used on other first order bases, with the exception of the portable
taping tripods. (n city streets where it was not possible to drive stakes,
to supply three supports for the tapes, these portable tripods were used.
These tripods are made of iron, with a weight of about 50 pounds, which
is sufficient to hold themfirmy in place while the taping is being done.
They have a rigid base, with a ball and socket arrangenment at their top
supporting the nmarking table which may be noved to any desired position
along the line of nmeasure before it is clanped in place. This narking
table is faced with wood, to which copper strips nay be nailed for mark-
ing tape ends. At one end of the table there is a hole, through which the
mark on the copper strip nay be quickly and accurately transferred to the
ground.

O sections of the bases where portable tripods were used, the sec-
tions were first narked out in a seni-pernanent manner, so that no time
woul d be lost while the invar base tapes were in use. This nmarking was
done as follows: An old 50-neter invar tape was laid flat on the pave-
ment, or sidewal k, to determine distances for placing tripods. Then the
line was deternmined for themby using a 4-inch theodolite, and the tri-
pod positions were marked by railroad spikes driven into the pavenent,
or by crosses cut in the cement. A square was then painted around each
of these points and the tape | ength nunber was marked with white police
paint. Wth these points well marked the taping and | eveling parties
could easily identify each tape end in the section.

After the tape ends were narked, or staked, the entire length of
the base, the taping was started. It was found that by using seven of
these tripods the party could be kept moving without delay and stil
| eave one tripod in the rear each tine to hold the neasurenent in case
either of the two forward tripods becarme disturbed. The height of each
tripod above the ground marker was neasured by the rear contact man on
the tape neasurenents, by using a small 5-neter steel pocket tape and
this was recorded in the taping record, to be used in the reduction of
grade corrections. We leveling, also for grade corrections, was then
run over the tripod positions nmarked on the ground.

I n maki ng base neasurenents, it would be well, if convenient, to test
the spring bal ance after the neasurenent of each section.

TRAVERSE TAPI NG

The traverse taping to be held in the first adjustnment was neasured
with the sanme types of instrunents and nethods as those used on the base
l'ine measurenments. |In each case a forward and backward nmeasure was nade
with the invar tapes.

The taping to be held in the second adjustnent was neasured in only
one direction with the invar and was roughly checked by recording the
nmeasur enent s made when the sections were laid out.
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Most all traverse taping was done in the daytine, although sone of
it which passed through the nost congested districts was done at night
when the traffic was at its m ni num

Wile working within the city limts it was found best to have a
policeman with the party at all times for protection of the tape. Even
with such care, a tape will often becone kinked so that it will be nec-
essary to conpare it at least once a week with a standard tape which is
not used for field neasurenents. Wile working in suburban areas, the
services of a state trooper for patrol purposes were valuable. In these
areas autonobiles nove at a fairly rapid rate and can only be stopped by
an officer.

ANGULAR MEASUREMENTS ON TRAVERSE

Most of these angul ar measurements were nmade at night, using snall
specially constructed | anps as targets. These |anps were al so used
occasional ly over short |lines for daylight observations when the weat her
was dark and cloudy. The daylight observations on traverse proved to be
satisfactory when it was possible to nake them

Two direction theodolites were used on this work. Qe was a 5-1/2
i nch Heyde and the other a 6-1/2 inch Fennel. Each of these was equi pped
with a tripod which was used in all cases, except where it was necessary
to elevate the instrument nore than the ordi nary height of about 4 feet.
In such cases a stand of the requisite height was constructed of ordi-
nary |lunber and an alumnumplate was used on its head to furnish a
stable surface for the support of the instrunent.

The desired accuracy was obtained with either of these two instru-
ments, but the Fennel was found to be by far the nost dependabl e and sat-
isfactory of the two. It was nuch nore sturdy than the Heyde and held
its adjustnents nmuch better.

In practically all cases of bad angul ar | oop closures on the trav-
erse, the trouble appeared to be due to blunders, carel essness and errors
caused by large vertical angles rather than to at nospheric conditions.

In some cases |ines passed very close to the sidewalk for nearly their
entire length, but no closure trouble resulted.

The signal |anps used on this work were new devi ces of special con-
struction, built inthe field in accordance with specifications drawn up
by the witer. This type of lanp consisted of a small box in which a
3-cell flashlight could be placed. Then to avoid eccentricities, the
center of the reflector was placed directly above the center of the screw,
by which the |anp was centered ever the station mark. Various sizes of
openings were tried for the light to shine through, but an openi ng about
one inch in dianeter was found to be the nost satisfactory. Flashlight
batteries were unsatisfactory, because of their short |ife and excessive
cost, and, therefore, all lanps were wired i n such a manner that ordi-
nary 1.5 volt dry cells could be used.
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Anot her new device was designed in the field for the purpose of accu-
rately centering the signal |anps over the marks to be observed upon. An
error of 0.1 inch in centering the traverse lights would cause several
seconds' error in angul ar measurenents on sone lines and would result in
an error of 1 second on lines of average length. It is therefore readily
seen that these lights nust be centered as accurately as possible. This
device consisted of a thin brass or iron plate with a hole in its center
the exact size of the centering screwin the base of the |l anp box. A brass
plug was then nmade with a hole the size of a plumet line at its center,
the plug being of such a size that it would fit snugly into the hole in
the plate. Three clanps were used for clanping the plate to the top of
the lanp stand. In centering the lanp, the plumret string was threaded
through the plug and the plug was then placed in the hole in the plate,
the latter being | oosely clanped to the top of the lanp stand. The plate
was then shifted around until the hol e was plunbed over the mark and was
then firmy clanped. The plug and plummet string were then renoved and the
centering screw of the lanp was placed in the hole and the |lanp was tight-
ened down by a wing nut beneath the plate. Then a snall |evel was used
on top of the lanp box to nake sure that the center of the | anp was exact-
l'y vertical over the mark

The | anp supports used were tripods constructed of ordinary | unber
and were centered over the nmarks as described above. After the |lanp was
centered, the stand was wei ghted down wi t h about 150 pounds of weight and
a collapsible iron frame constructed of ordinary gas pi pe was placed
around it to keep it frombeing bunped or disturbed by the curious or
carel ess pedestrian. The frame was copied fromthe type used by the gas
and el ectric conpanies for guardi ng open manholes in the street.

At all stations to be held in the first adjustnent, 12 positions of
the circle were observed with the Fennel or Heyde, and at stations of the
second adj ustnment, 8 positions were observed.

CONNECTI ONS BETWEEN TR ANGULATI ON AND TRAVERSE

In the original selection of triangulation and traverse stations, co-
i nci dent poi nts were used whenever possible so that it would not be nec-
essary to make any connection between them However, where triangul ation
poi nts were established on buildings, it was necessary to connect themto
the traverse by using one or two snmall triangles containing as a side one
of the neasured lines of the traverse. In such connections it was neces-
sary to take great care in the instrunent |evels because of the highly in-
clined angles. On connections with nuch inclination, stride |evel read-
ings were recorded and the angles corrected for the inclination

NEWSPAPER PUBLI A TY

At the beginning of these surveys the |ocal newspapers were given
articles regarding the work every few days for the purpose of educating
the public in what was being done. Such articles were found to be very
beneficial as the work progressed. Everyone who read the daily papers
| earned enough about the work so that nost people were very careful about
interfering with field operations and did not annoy the men to any great
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extent by aski ng unnecessary questi ons.
CGECGRAPH C PCSI TIONS CF LOCAL | NTEREST

I n Rochester several extra geographic positions were determned upon
request, since they did not entail a great anount of extra work and were
of general interest to the coomunity. The first of these was requested
by the Rochester H storical Society. This society w shed to have an ol d
| andmark named the Liberty Pole pernanently marked and | ocated. A fancy
bronze tabl et furnished by the society, with a Coast and Geodetic Survey
standard disc at its center, was set and a short cerenony was performed by
the mayor and ot her nenbers of the society. The next point of general
interest was located in the Minicipal Avaiation Field, to be used in case
a proposed air nail route should be established there. Several ranges
were al so deternmined for Bausch and Lonb Optical Conpany over which they
could test the large range finders which they manufactured for the Arny
and Navy.

TOTAL COST OF PRQIECTS

The entire cost of field and office work on the Rochester project was
$21,000 and the conparative cost in Atlanta was $36,258. Al though the two
projects were quite simlar in extent, the cost of the Atlanta work was
nmuch the higher, due largely to the fact that the Al anta work was done
in the winter and the Rochester work in the sumrer.

GENERAL  GONCLUS| ON

Considering the | ow cost of geodetic control and the inportant posi-
tion it holds in the devel opment of all cities, it is believed that nore
benefit can be derived fromsuch an expenditure than fromnearly any ot her
expenditure that a city may make.

Gty of Detroit
Departnent of Public VWrks
Gty Engineer's Ofice
The Secretary, June 14, 1932.
Associ ation of Field Engi neers,
U S COoast & Geodetic Survey,
Washi ngton, D. C

Dear Sir:

V& have been inforned that val uable infornation on instrunent set-
ups for Aty Control Wrk rmay be found in the Decenber, 1931, issue of
the Associ ation of Field Engineers' Bulletin.

VW woul d greatly appreciate having a copy of this issue for use in
our Gty Control work here.
Yours very truly,
(Sgd.) Joseph S. Stringham
Gty Engi neer.



- 80-

UN TS FOR RECCRDI NG REDUCO NG AND BLOTTI NG SOUNDI NGS

A L. Shalow tz, Cartographic Engineer, U S.C. &G Survey

At the suggestion of Comrander Sobieral ski a study was undertaken
of the various provisions in the Hydrographic Manual dealing with the
subj ect of recording, reducing and plotting of soundings, with a viewto
assenbling in sone convenient formall the rules applicable thereto, and
which at present are scattered throughout the many pages of the Manual .

EXPLANATI ON CF TABLES: The tables subnmtted have been prepared in
a formthat should Iend thenselves to quick and ready application. They
are arranged in accordance wth the sounding nmethod used. This seened a
| ogi cal and convenient classification since the various corrections re-
quired differ for the type of soundi ng apparatus used. The arrangenent
also permts a ready conparison of the differences in the rules for the
east and west coasts. The col um headed " Soundi ngs charted" has been in-
cluded as a matter of general information, and is an interpretation of
the rules laid down in Special Publication 66, "Rules and Practice Rel at-
ing to Construction of Nautical Charts.”

Wil e sonme of the provisions of the Manual have been clarified, no
new practices are proposed. Hence these tables should not be construed
as superseding any of the provisions of the Hydrographi c Manual but shoul d
be considered in the nature of a codification of existing provisions and
therefore in harnony with the prescribed practice. |f departures are
noted, they are inadvertences and should give way to the provisions in
the Manual. It shoul d be understood that whenever greater accuracy in
the entry, reduction and plotting of soundings is required than is indi-
cated in these tables, it will be fully covered by special instructions.

PLOITI NG HALF FOOT SOUNDI NGS:  Speci al nention shoul d be made of
paragraph 153 in the Manual dealing with the plotting of half foot sound-
ings. This paragraph nmore than any other has been variously interpreted
by the field parties, often resulting in refinenents that have no prac-
tical value and only add to the labors of all concerned.

The purpose in calling for half feet was three-fold: First, to
avoi d the danger, through the application of the rules concerning the
entry of lead line and tidal corrections, of shaving off one foot from
channel depths where one foot is quite significant; secondly, to avoid
the dropping of half feet in |arge bodies of shoal water of considerable
navi gational inportance, such as the waters of Biscayne Bay, Florida, where
a reduction of a half foot would nmean a substantial decrease in the effec-
tive depth of the area, but it was not intended to apply to every shall ow
bay or cove however uninportant; and, finally, to permt a nore accurate
delineation of the lowwater line in those areas where large flats ex-
tend for a considerabl e di stance of fshore.

ENTRI ES NOT QOVERED BY HYDROGRAPH C MANUAL: Since the preparation
of the Hydrographi c Manual there has grown up a practice of applying an
i ndex correction to fathometer soundings in addition to the nornal cor-
rection for tenperature and salinity. These two corrections, index and
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velocity, are inreality a part of the sane correction, nanely "correc-
tion to soundi ng apparatus" and should fall within the rule applicable
to such corrections (paragraph 133). But in the final application of
such corrections it would seemthat the two corrections should be first
conbi ned and then the rule of 1%per cent applied. This would avoid the
possibility of a sizeable correction being omtted which mght occur if
the rule is applied independently to the conponent corrections.

CONCLUSION' Froma study of the tables submitted, it will be evi-
dent that the whol e system of handling sounding data fromtheir inception
inthe field to their final application to the charts is a conplicated
and confusing problem Sinplificationis desirable, and it is possible
that with further thought and study a nore unified practice could be work-
ed out without sacrificing necessary degrees of accuracy. The formin
whi ch the subject is here being presented should help flash up incon-
si stencies and unnecessary refinenents. However, the whole nmatter is one
in which the cumul ated thought and ideas of all having occasion to deal
wi th such probl ens should be solicited.

ADDENDA TO ABOVE

The failure to include in Tables Il and IV the general provision
that "tidal corrections less than 1%of the depth bel ow the reference
pl ane may be omtted" should not be considered a nodification of para-
graph 134 of the Manual. Its onission was unintentional.

I EEEEEEEE

Extract from Season's Report
G C Mattison, Commandi ng Shi p PATHFI NDER
Pal awan Island, P. 1.

***% A| plotting of the soundi ngs was done on sheets on whi ch had
been constructed the arcs representing the loci of the sextant angles of
the objects observed on. This is the second season that this systemhas
been used, and it certainly has proved of great value. Al nost all
shoal s were devel oped by maneuvering the vessel to keep one angl e con-
stant while running each line. ne observer conned ship by al nost con-
tinuously watching his sextant angle, changing course slightly when nec-
essary. As the vessel traveled at such sl ow speed, and the directions
of wind and current were usually in different quadrants, this was the
only satisfactory way to cover the ground neatly with cl osely spaced
lines. The observers became quite adept at putting the vessel on line
at the beginning and then easily kept it on line with only slight changes
of course, usually only a few degrees. ****
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A RAPID METHOD CF SWNA NG SH P

R P. Eyman, H & G Engineer, U S C &G Survey.

A nethod of swi nging ship between two well deternined ranges is de-
scribed below. Conplete originality is not claimed as a sonewhat sinilar
net hod was tried a nunber of years ago in San Franci sco Bay on the NATQVA

In this instance the PATH-I NDER was swung in Manila Bay, northward
fromthe breakwater, and about 2% niles off the Pasig River Lighthouse,
between the ranges 'Pasig Rver L.H" - "San Sebastian Church, N E Spire"
(true bearing, 85°25') and "Pasig Rver L.H" - "lce Plant Stack" (true
bearing, 93°08'). The area for the swing was in about seven fathons of
water and clear of traffic. It is seen at a glance that the difference
of the two bearings is nearly 10°, and it was thought that while the ves-
sel was between the two ranges a close estimate coul d be nmade by eye of
the position of the |ighthouse with respect to the other two back range
objects at least to the nearest tenth of the total distance.

In practice, the ship was swung with one officer taking conpass bear-
ings on the lighthouse and three other officers estinating i ndependently
the position of the |ighthouse with respect to the back ranges. It is
noteworthy that these three estinates were invariably very close, and as
the officers estimated to hundredths instead of tenths, the mean of all
three estinates was used, giving a value believed to be accurate to within
0.03 of the distance or, in other words, to about 1/4 of a degree. It has
si nce been suggested that two sextant angl es coul d be taken, one between
the two back ranges and the second between one back range and the |ight-
house thus giving a much nore accurate determination of the light with
respect to the back ranges. It is also of interest to note that on sev-
eral headings the ship passed a little distance outside the range area,
but the officers were able to estinmate the position by "exterpol ation."

A table was made up in a unit of ten divisions, calling one range
"zero" and the other range "ten", with each division equal to one-tenth
the difference between the two bearings. This table was extended both
ways beyond the ten units to take care of any positions outside the range
ar ea.

No. 10 = 93°08" = 93.1°
No. 0 =8325 =83.4
Dff. = 9°43' = 9.7° (e tenth of this = 0.97°
Tabl e (ne hundredth " = 0.097°or 0.1°
-2 =281.5° 7 =90.2°
-1 =82.4 8 =91.2 N.Z. Spire N R
0 = 83 4 9 = 92 2 it Pt _memlTLs SR R -
1=84.4 10=193.1 ntini i L.HJ bta:ck
2 -85.4 11= 94.1 T 7 T ¥ T ¥ T T ¥ T T T Ty T
3_-86.3 12= 95.1 ~2-1 01 2 3 4 5 6 7 8 910 11 12
g = ggg 13= 96.0 Ex.: Estinmated position of Lighthouse =5.6
6 " 89. 5 Fromthe table, Pos. No.5 = 88. 3°
= o From above 0.6 = 0.6°
True bearing, Pos. 5.6 = 88.9°
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NOTES ON RECOVER NG AND REMARKI NG STATI ONS

J. S. Bilby, Chief Signalman, U.S.C. & G Survey

(I'n response to a request fromthe Chief of the Division of
Geodesy, M. Bilby has submtted the follow ng notes. It is be-
lieved they will prove helpful to field parties engaged in search-
ing for old stations. Ed.)

Met hod of Remarking: The question of stanmping the dates on recovered
stations is one that has come up several times, but it seens that nothing
definite has been deci ded upon and there is nothing on this point in the
general instructions for marking stations.

Several years ago when this question came up, it was decided that,
when ol d stations were recovered and renarked with a standard tablet, the
name of the station and the date when established shoul d both be stanped
on the tablet and, when such rmarked stations were reoccupied in connec-
tion with newwork, the date of reoccupation should al so be stanped on
the tablet. It was al so decided that when stations were marked with tab-
lets and stamped with the name and date of each station at the tine it was
establ i shed and the station was reoccupied in connection with new work at
a later date the date of reoccupation should also be stanped on the tablet.
This method has been followed on all the work with which | have been con-
nected during the several past years. This method is good, as far as it
goes, but it does not cover the question of

Remarking: | have always favored the plan of remarking all stations
with standard tablet marks, if they have not been so marked when estab-
|ished. Wen such stations are recovered and renarked, the nane of the
station, the date established and the date remarked should be stanped on
the tablet. |If such stations are reoccupied at a still later date, that
date should al so be stanmped on the tablet. These dates should al so be
stanped on all the reference nmarks. Such a nethod woul d give a clear
record of the work done at such stations and the |ocal engineer, when send-
ing ina request for data, would, for instance, ask for data for "STATION
SM TH, 1867, 1918, 1932" and give the locality.

Recovering A d Stations: In regard to recovering old stations which
were established 30 to 60 or nore years ago, | wish to say that when the
recovering and remarking of all stations along an arc are taken up, the
officer in charge of such work should be furnished all available data that
wWll in any way give a clew The published descriptions and positions of
all the stations should, of course, be furnished. Such data are good, as
far as they go, but such information often falls short of giving a start-
ing point in recovering the stations where all surface marks have been de-
stroyed. Years ago, before the card systemwas adopted, descriptions of
stations were witten by longhand in the record books. Oten a description
covered two or nore pages; many little details were given by the field
engi neer in the description which he knew would be of assistance but which
seermed of little inportance to the man in the office who had never been
engaged in field work and who had no experience in recovering stations.
The office man was directed, in preparing data for publication, to PACK
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words and to onit all detail that did not appear to himto be essential.
The result was the onission of many small details which would be of ruch
assistance to the man in the field in recovering a station where all the
surface marks had been destroyed.

For exanple: Before | started the work of recovering stations from
St. Louis westward to Col orado, | was furnished all the original volumnes
of reconnai ssance descriptions of stations as well as the original vol -
unes containing descriptions of the occupied stations and | had these with
nme for reference on the work, in addition to the publication containing
the conpiled descriptions. Fifty per cent or nore of the surface marks had
ei ther been destroyed or covered over, but in nearly every case, sone in-
formation given in the original description, which had seened uni nport ant
and was therefore onitted fromthe printed description, led to the recovery
of the stations. Therefore, the volumes containing the descriptions as
originally prepared by the officer in the field should be furnished to the
officer in charge of recovering and renarking old stations.

As you know, | usually depend on ny instinct in finding ny way around
and this applies especially to the recovery of old stations. |If the sta-
tion marks are visible, the stations are of course easily recovered. How
ever, if all surface narks have been destroyed or covered up, the I oca
guide that clains he can point out the EXACT SPOT where the station mark
was located will nine times out of ten indicate a spot that proves to be
anywhere fromseveral feet to a hundred yards or nore away fromthe actua
| ocation of the station.

dd stations, established sone 30 years or nore ago, in a level tim
bered country where it was necessary to erect wooden towers were usually
| ocated near the road. That was before inproved hi ghways were built and
the roads followed the ridges and divi des, usually going over or very near
the top of the highest points on the ridges and hills. In nany cases, it
will now be found that the tinber has been cut and that the land is in
cultivation and often that no trace of the old road can be seen. In this
case, one should take a spade and turn up the soil at intervals of severa
feet until the change of earth indicates the old roadbed, which can then
be easily traced for any desired distance. The original description refers,
of course, to the road then in existence.

In a region where stations were established on hills and no towers
were built to elevate the instrunent, the hills were usually tinbered and
it was necessary to cut lines of sight to adjoining stations. |If the sta-
tion was established 35 or 40 years ago, no trace can now be found of the
cleared line except on a hill where the old trees have not been cut since
the station was established. Therefore, when Iooking for an old station on

a hill, it should be renenbered that all lines had to be cleared when it was
established. In such a case it is advisable, after reaching the top of the
hill, to stroll around, snoke a pipe and visualize what the other party did

when locating the station in order to avoid as nuch clearing as possible and
to place the station in the best position to give clear Ilines.

In the good old days, each chief of party narked his stations and wote
his own descriptions, usually naking a sketch of the hill, etc. As each
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chief of party had his own way of doing such things, a study of his
nmethod will often assist in the recovery of the old station.

M/ experience has convinced nme that the terra cotta tile, filled
with concrete into which a tablet station mark is set, is one of the
poorest (if not the very poorest) methods of marking a station. The
tile is easily broken, the small cylinder of concrete soon crunbles and
thus the mark is lost. A good, heavily-galvanized iron pipe is far nore
durable. | recovered stations in the spring of 1932 along the Horida
coast that | narked in 1910 wi th gal vani zed pi pe and the pipe seemed good
when the stations were recovered. They were heavy 3-inch pipe, well-
gal vani zed, 4 feet long, set 30 inches in the ground and projecting 15
i nches above the surface. Iron pipes were ordinarily used for reference
marks. Marks established al ong the coast, set in grass, scrub pal netto,
etc., should project about 15 inches above the surface. Wen possible,
the marks should be set in a block of concrete at |east 12 inches square
on top, with a slope of 2 inches, projecting 12-15 inches above the sur-
face, with at least 30 inches bel ow the surface. The cost of nateria
and the tine spent in naking such narkers woul d be very little conpared
with the cost of tinme spent in recovering old stations or establishing
new ones, due to poor narking with tile or other unstable kind of mark.

Wiere stations are on hills and it is not possible to transport
material for concrete blocks inwhich to set the marks, the heavy type
of iron pipe, heavily gal vanized, would, | believe, last 100 years or
nore. The pipe should be filled with concrete and the inside diameter
of the pipe should be the sane as the dianeter of the tablet station mark.
The station mark is then set inside the pipe, with the top or face of the
tablet flush with the top of the pipe. To anchor the pipe, drill two
hol es through the pipe about 1-1/2 inches fromthe bottomand insert a
hal f-i nch gal vani zed rod about 8 inches |ong through the hol es, horizon-
tally, fill hole in ground with cement above the anchor. |f such marks
are onahill, not suitable for cultivation, the pipe should project a-
bout 12 inches above the surface.

A EEEEEER

United States Naval Acadeny
Annapol i s, Maryl and
Department of Navigation
The Director, August 26, 1932.
U S CQOoast and Geodetic Survey,
Washington, D. C

Sir:

W find the Bulletin of the Association of Feld Engineers of
the United States Coast and Geodetic Survey of great value to us in our
wor k of instructing mdshipnen in navigation and surveying.

W shoul d very ruch appreciate receiving a copy of each issue.

Very truly yours,

(Sgd.) Russell WIIson,
Captain, U S. Navy.





