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WIRE-DRAG WORK ON THE ATLANTIC COAST. 

By N. H. HECK and J. H. HAWLEY, Assistants. 

INTRODUCTORY. 

The eastern coast of the United States was the hst to be navigated and the number, size, 
and draft of tho vessels using its channels and harbors have steadily increased. Surveys of its 
waters have been in progress for many years, and accurate surveys, by the best hydrograplic 
methods, have been carried on since the early seventies. Even now, however, vessels occnsion- 
ally strike uncharted rocks, and the average person will fail to understand how this is possible 
and why the Coast and Geodetic Survey, unless it has been very negligent, should be obliged 
to make a rmurvey of all the rocky portions of the coast in order to  insure the safety of vessels. 
This is not to be explained by any lack of zeal or care on the part of the many men who have 
been engaged on the work. There has been an undoubted tendency, in the past, to  place too 
great a reliance on the universal method for making hydrographic surveys ( t h t  of using a lead 
line from a moving vessel) for the reason that, until the wire drag \vas perfected, it was the only 
practical method known. This method is excellent for getting the general depth and contour 
of the bottom, and, in moderate depths of water, remains the only satisfactory means of getting 
this data. With proper precautions it is the only method necessary on the sandy portions of 
the coast, but, on rocky coasts, it  must be supplemented by some means for finding pinnacle 
rocks, sharp ledges, and bowlders. 

For the greater part of the New England coast nature has not been so accommodating as to 
make the underwater areas very different from the adjoining land areas. For example, Dia- 
mond Rock, which projects about 40 feet above the water in East Penobscot Bay, with the small 
extent and very steep sides of a true pinnacle rock, is matched by several submerged rocks of 
similar shape in ita vicinity. In  Casco Bay the series of narrow islands and ledges is continued 
underwater. In  southern New England farming is seriously interferred with by hundreds of 
bowlders, and the same formation, extendine underwater, is a serious menace to navigation. 

These obstructiok often extend to within a few feet of the surface and can not be seen from 
a boat, so it is only by chance that they are found by an ordinary survey with lead and line. 
This can be readily understood by considering, as an analogy, a balloon drifting slowly over n 
town. The difficulty of dropping a weighted h i e  so as to hit any particular small building, 
stack, or telegraph pole is obvious, and these are clearly visible. The hydrographer is entirely 
in the dark, his only advantage being that he is working in a more stable medium with a definite 
surface. 

In  wire-drag work, as will be explained hereafter, the mire, catching on a shoal, gives msur- 
ance that an obstruction exists and also gives its approximate location. In spite of this, it  is 
sometimes necessary to sound, with lead and line, for a considerable length of time before the 
lead rests on the top of the shoal and the least depth is fouud. The improbability of hitting an 
obstruction of this nature with a lead thrown from a moving vessel is evident. 

All the original surveys of the Atlantic coast were mnde under the necessity of covering as 
much arm as possiblo in a given time. This made it necessary to run lines, usually parallel, 
with considerable distance between them, and t o  trust to special examinations of ‘‘ indications” 
(shoal soundings occurring between those of greater depth) for the discovery of shoals. The 
surveys were, so f a r  as possible, supplemented by local information. Local pilots and captains 
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of coasting vessels oftenbave information as to the character of the bottom and the existence 
of uncharted shoals. Fishermen usually have a store of similar knowledge, for in setting trawls, 
lobster pots, and other fishing gear they are certain to find many rocks and ledges for which 
they have more or less accurate locations by ranges. Many of the fishermen live on outlying 
islands from which they can see breakers that may occur on the shoals only in the heaviest gales. 
Valuable information was obtained from all of these men, but it is hard to get comprehensive 
results in this manner without an unwarranted expenditure of time and money. There is a 
strong tendency to withhold such information, as an esclusive knowledge of rocky shoals is 
valuable to a fisherman because fish are found in greatest number in such places. Most of the 
data is not sufficiently accurate, and, in order to make use of it, the informant must be present 
because the system of describing ranges is such that they are usually very hard to locate. Many 
of the fishermen live in places inconvenient to reach and are a t  sea usually only during the dark 
hours of the early morning, so it is evident that this source of information has its limitations. 
Occasionally entirely erroneous. information is received which probably has originated from 
attempts by seafaring men to outdo each other in yarns. 

It is therefore evident that, after these surveys were completed, in spite of the most pains- 
taking work, supplemented by local information, a large number of pinnacle rocks, sharp ledges, 
and bowlders remained undiscovered. 

The most certain and practically the only way to find these obstructions in the past has 
been to strike them with a vessel. This, of course, is most expensive, and may result in heavy 
loss of life and property. The larger the vessel the greater the loss, because of the momentum 
with which it strikes, the expense of docking, and the greater value of the time lost. Many 
times the expense of adequate surveys has been lost in this manner. 

We must also consider the fact that, in the days of the early surveys, the draft of vessels 
was smaU and the possibility of the present great drafts was not even recognized.' The extent 
of a 30-fOOt shoal was of slight importance then, while now this knowledge may be highly 
valuable. 

As the draft of vessels increased and evidence as to the existence of uncharted dangers to 
navigation accumulated, it became more and more necessary to devise some method whereby 
all of these dangers could be located and the maximum safc depths of channels ascertained. A 
wire drag had been used on the Great Lakes and elsewhere for theso purposes, and the appa- 
;*at- was selected by the Coast Survey for experimentation. It has been adapted for ocean 
work and gradually perfected, until a t  the present time i t  is an apparatus, and tho only appa- 
ratus, which makes i t  possible to resurvey a region and, a t  the conclusion of the survey, to 
state definitely the locations of all obstructions and what areas are free from obstructions. 

It is not intended to give a detailed description of the apparatus and methods, as this is 
available for those interested in a number of sources. (See Special Publication No. 21, Depart- 
ment of Commerce, Const and Geodetic Survey.) 

The photograph of the model of the drag prepared for the Panama-Pacific Exposition 
gives an excellent idea of the construction of the apparatus and the method of operation. It 
will suffice to say that the horizontal member consists of wire and the verticals of chain and 
flexible cable a t  the large and s m d  buoys, respectively. It may be stated that the purpose 
of the entire equipment is to place the horizontal member, or bottom wire, at the right place 
and depth a t  the right time to insure that it catchcs on all the obstructions that i t  meets and 
to make it possible to remove it from the obstructions in n reasonable time. Nearly all the 
natural forces encountered work against tho first-named requirement, and this fact morc than 
any other accounts for the long delay in adopting and perfecting the apparatus. Perhaps the 
best way to arrive at a correct understanding of the improvements and changes that have been 
made is to enumerate the difficulties encountered and to state how they were solved. 

When this work mas begun on the coast under the present system, in 1906, work had been 
done in deep water with light launches and outfit; but there had been no necessity to solve 

1 In the early days of the Nnlne sqrveys an officer reported that it would soon be necessnry to make mote cletallwl surveys, a4 the draft of 
v m l s  wasllkely to exceed 18 feet. The draft of some of the present-day vessals excoeds 35 feet. 
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the fundamental problems involved in shoal-water surveys. The first requirement was R 

means of knowing at  exactly what distance below tho surface the bottom wire w w  sveeping. 
This was determined by finding a t  what depth the wire struck a lead line held a t  rest from a 
small boat waiting in advance of the drag. The real difficulty, and one which still causes 
delay and expense, is to pass the wire close enough to the bottom to be sure of not missing any 
uncharted obstructions and a t  the same time to keep it from catching on those that are already 
known, as in the latter case time will be lost without obtaining useful information. To accom- 
plish this, i t  is necessary to know the depth of the bottom wire not only a t  tho points supported 
by the buoys but along every foot of its length. The weight of the wire (500 pounds to the 
mile) is apprcciablc and great enough to overcome tho cffcct of tho tension caused by the 
towing boats. This 
weight causes the wire to sag between the buoys, the tendency to sag increasing as the tension 
decreases. At first, t o  overcome this sagging, the buoys were placed close together; but it 
was found that they caused so much resistance that a long drag could not be towed through 
the water. The problem was finally solved by the use of cedar floats attached to the wire at  
certain intervals between the buoys. These floats serve to balance the weight of the wire, 
and the buoys can be placed far enough apart to keep their number within reasonable limits. 

The great difference between coast wire-drag work and similar work on the Great L%kes is 
in the tidal range. It is evident that unless provision is made for adjusting the length of the 
uprights connecting the buoys and the bottom wire the wire will soon bo too far  from the bob 
tom with a rising tide or will rest on i t  with a falling tide, thereby stopping the progress of 
the drag. This condition was met by installing suitable drums on the buoys, which can be 
turned from small boats as required. This makes i t  possible to change the depth of the bot- 
tom wire to conform either to the state of the tide or to pass over shoals. Setting these 
uprights a t  different depths throughout the drag also makes i t  possible to match the contour 
of the bottom, and accordingly to use R much longer drag in bottom of varying depths than 
would otherwise be possible. 

As the length of tho drag was increased the labor of setting out, taking up, and control- 
ling became so great that i t  became necessary to devise labor and time-saving machinery. 
An apparatus for taking up the drag was designed. This includes a 2-speed reel and a leader 
and tightener which, operated by an automatic winder, places the wire tightly and uniformly 
on tho reel. Special 
small sinkers, which can be readily attached and detached, were devised. Tho small buoys 
were designed so as to have R slight resistance in passing through the water, thereby increas- 
ing the speed of the drag. A method of signaling, permitting an instantaneous exchange of 
signals, was perfected. By tho standardization of methods and tho use of a large tender, the 
operation of clearing tho wire from a s h a l  which formerly required hours is now often accom- 
plished in 10 or 15 minutes. 

This tension, of course, doesnot act a t  d1  whep the drag is at rest. 

The motive power f,or the apparatus is a 5-horsepower gasolirie engine. 

METHODS OF PROCEDURE AND IMl’ORTAKCE OF WIRE-DRAG WORK. 

The photograph of the mire-drag inodel indicates the method af finding shoals. I t  may 
be stated that tho procedure is invariably the same, evenif tho particular methods used in 
clearing the drag may vary. Before the wire strikes n shonl i t  is clear that tho launches must 
tow a t  an angle away from kach other in order to produce tension on the wire. This angle 
varies in practice from 20’ to 90’ from the direction of progress. Tho launches rarely head 
in the direction that the drag isproceeding; but as h l g  as they hoad at  any angle, except 
directly away from each other, they will make progress. Even in the latter cnse tho drag 
may be carried along by the current. Every effort is made to take advantage of the current, 
as tho slow motion of the drag makes i t  impossible to proceed against a.strong current. It 
requires skill and experience to keep tho launches on a definite line, but the principle is that 
of a boat tryibg to go in a certain direction and hcading a t  mi angle from that direction to 
allow for curront: In operating the drag, however, the relative effects of currents, wind against 
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the boat, and the tension of the drag at  an angle to the direction of progress all make it more 
difficult to judge this allowance than on a fast-moving vessel. 

The drag parts have all been designed for the heaviest strains that may come upon them 
plus a margin of safety. There is, for example, no danger of parting the bottom wire no 
matter how hard the launches pull nor at what angle. There is some difficulty, however, in 
getting materials that will meet all the conditions, and in some cases it is necessary to replace 
equipment oftener than would be necessary if materials with exactly the right qualities were 
available. As an example of the effectiveness of this part of the work, 15 separate shoals were 
found in a single day near Key West, Fla. This means that the drag proceeded at  the begin- 
ning of the day until a shoal was found; then the drag was removed and proceeded 14 addi- 
tional times. 

Frequently it must be cut and 
a portion of i t  abandoned. Sometimes in soft rock, like coral, pieces of the rock will be broken 
off, and the wire has been known to  twist itself around a heavy anchor, so that the anchor 
could be brought to the surface. 

If h l y  caught, tho slack wire 
is taken on the tender and made fast. The tender then starts ahead at  full speed, and when 
the tension comes on the wire the bow is pulled down a foot or more and the boat looks as if 
it  were about to dive. It is then stopped, the slack wiro gained is taken in, and the process is 
repeated. It is often necessary to make complete circles around the point where the wire is 
caught, and skill is required to keep the slack wire out of the propeller. Frequently the drag 
is cleared when it seems a t  first impossible to  gain an inch. 

It might a t  first thought seem necessary to place buoys, either temporary or permanent, on 
the rooks found or to destkoy the rocks by blasting. This, however, is necessary only in the oaso 
of shoals of dangerous depth in important harbors and channels, and these shoals form a \Tory 
small part of the total number discovered. The average navigator is capable, under all ordinary 
conditions, of avoiding shoals that are shown on the chart, and learning to do this is an essential 
part of his oducation. 

At the end of each ficld season the charts affected are corrected a t  Washington for all 
changes that havo been found during the season, a new plate being prepared if there am sufficient 
ohanges. This of course requires time, and it is necessary to acquaint mariners as soon as possi- 
ble with dangers to navigation discovered. Where tho shoals are of importanoe, their disoovery 
is promptly reportod by tho officer in oharge of the field work, and they are placed on tho chart 
a t  once and described in the Weekly Notice to Mariners, which is available for nll mariners 
desiring it. Dangerous shoals aro usually buoyed without delay by the Bureau of Lighthouses, 
but the number of such buoys is ‘limited to important dangers because of the expense of install- 
ing and maintaining buoys and other aids to navigation. It is not.even necessary to  mark shoals 
temporarily in order that they may be found %ah. Accurate positions are recorded aiid are 
available at any time. With practice the exaot location can be found from the recorded angles. 
If it is desired to find a s m d  pinnacle, for tho purpose of blowing it up, the position is known 
and a very short improvised drag will suffice to find it at  once. 

There are many reasons why it is important that tho charts should show all tho dangers 
to navigation. Many vessels keep very close to the same courses when constantly navigating a 
legion, but it must be remembered that there is no requirement that vessels shall follow beaten 
trncks. A vessel m,ay go in any place where the charts show sufficient water, and the navigator 
can not be hold responsible if he strikes an uncharted rock. Very often strangers will bo off 
their reckoning when running in a fog. If a chart appears clear thcy will take a chance and 
continue on their course, while if dangers are shown they wiU anchor until i t  clears. There is 
no means of estimating how many vessels are saved from disaster on a dangerous shod because 
the shod is located on the chart. Furthermore navigators are aooustomed to pnss all dmgers 
a t  a safe distance. the act of avoiding a charhd danger 
may strike it, €or shoals often occur in groups. 

The wire at  times takes a surprisingly firm hold on rocks. 

The various methods of clearing the drag are interesting. 

If a danger is unchnrted, a vessel 

9896Z0-15---2 
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The legal status of the charts, in settling the responsibility for the grounding of vessels, 
is an important matter. In every such case an investigation is made by the steamboat inspectors, 
or, in case of naval vessels, a court of inquixy is held. If negligence is proved, the penalty may 
be so severe as to suspend or withdraw the liaense, and with i t  practically the means of livelihood 
of the offending master or pilot. Of course, 
if a shoal is uncharted there is no blame or penalty. In  all doubtful cases where the vessel, 
though damaged, succeeds in getting off before the facts can be asccrtained by the proper author- 
ity, the claim that a rock is uncharted may be made or, what amounts to the samo thing, a 
wrong location of the accident may be given. As the whole purpose of licensing navigators is 
to protect the safety and interests of the traveling and shipping pubIic, i t  is important that the 
plea of an uncharted rock should everywhere be made untenable. Even under present condi- 
tions the wire drng is a valuable agent for settling suoh questions, as any such claini can be 
proved or disproved beyond all doubt by its use. 

A correct chart is an excellent insurance.on battleships, and one to which they are entitled. 
Furthermore insuranoo for commercial vessels is sufficiently high, and i t  is unfair both to the 
insurance companies and to those paying the premiums that an uncharted danger should exist. 

In  regions where pinnacles exist and the charted depths are not great, it is dangerous for 
submarines to operate beneath the surface. While this danger can not by present means be 
eliminated entirely on a coast such as that of New England, it is useful to know where depths 
of 48 feet are safe. 

The Government annually spends oonsiderable sums in deepening harbors and the ohannels 
approaching them. All such improvements begin a t  the point to whioh the charts indioato that 
the desired depth oan be safely brought, and in the past it has been assumed that this was a 
perfeotly safe and satisfactory practice. Occssionally improvements are made in harbors even 
before the approaching channeb are deepened. In  some harbors, where the tide range is great, 
vessels wiU use certain channels only a t  high tide, usually anchoring a t  the entrance until the 
tide is sufficiently high. This of course applies to the deepcst-draft vessels entering the port. 
It is accordingly often important that there should be morc water in the approaches to a harbor 
than in the entrance channels, so that the former may be freely navigated at  the very lowcst 
tides. It is evident that i t  is'only proper to spend a comparatirely small additional sum for 
wire-drag work to insure the usefulness of the expenditure of the great sums spent in harbor 
improvements io the principal ports. 

Ports aro often affected unfavorably by the grounding of vessels, no matter what the 
cause, and commerce may be driven to other places. 

Of almost equal importance to showing all the dangers on the charts is the assuranca that 
a known safe depth exists over an area clear from obstruction. The depth of drag used during 
the 1914 season as a maximum for Portland, Me., was 48 feet at  niban low water. This depth 
was adopted after considering the maximum draft, while at rest, of the largest liners afloat, and 
adding to this an allowance for increased draft while at  full speed (the allowance being obtained 
from tho best available sources of information), an allowance for abnormally low tides which 
occur during storms, and an allowance for the possible effects of ocean swell on a vessel. In  
dragging, tho depth of the bottom wire below tho surfacc may at tinics be as much as 60 feet, 
as an additional allowance is made for the possible effect of swell on the drag. The cost of the 
work increases with the depth of drag used, but tho extra, expense and all precautions are justi- 
fied when we consider the fact that a serious accident, even to a small vessel and without loss 
of life, would oover the cost of years of wire-drag work. A fast-moving liner striking a pin- 
nacle rock in just the right way would suffer the fate of tho Titanic, no matter what precautions 
might be taken. 

In sdocting the outer limits WhicE should a t  present be adopted for the immense area to 
be dragged, the best guide is a study of the geological features. In  eastern Maine 25 fathoms 
is considered safe, and work is carried to that depth. In  Casco Bay, whero there are few pin- 
nacle rocks, the 18-fathom curve was selected as the outer limit. In  southern New England it 

There are corresponding penalties in the Navy. 
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is probable that few dangers would be found outside the 10-fathom CWQ, though eventually 
all work should be carried at  least to the 15-fathom curve. This conclusion is based on the 
size of known bowlders. 

The Coast Pilot, published to give directions to navigatprs, warns vessels not to pass over 
shoal areas even if the chnrted depths are considerably greater than the draft of the vessel. 
This is an excellent precaution to take under any circumstanoes. 

Even in dragged areas, navigators should not attempt to scrape the bottom, for this prac- 
tice is always dangerous except in carefully dredged channels where a stated depth is’constantly 
maiutained. It is difficult to puss the wiro close to the bottom over every foot of the moa, 
and possible uncertainties may occur in tho last foot of depth indicated by the drag. There 
may be variations in the tides which can not be detected by the navigator, and a reasonable 
allowance must bo mado for tho fact that the wirb drag, althaugh the best instrument available 
is in itself not absolutely infallible and that its efficiency depends on a large number of factors. 
All of these considerations call for the use of good judgment, but ordinarily there is no excuse, 
except stress of weather or difficulties of navigation, for grounding a vessel in an area that has 
been dragged. 

Two questions frequently asked have an important bearing on the fut’ure value of wire- 
drag surveys made at  the present time: Does the bottom change, and Do rocks change their 
depths? On the sandy portions of the coast changes of more or less importance constantly 
occur. Storms have 
been known to make channels and later to remove them. So far as the area covered by wire- 
drag work is concerned there is no reason to believe that the changes are appreciable except 
from a geological point of vie\v. The shoals that aro found are of ancient origin and are not 
likely to alter. It is possible that in places on the southern New England coast the bowlder 
groups aro rearranged as the sand is washed from beneath them, but this would have a tendency 
to deepen the channels. In Florida there is a certain amount of cord growth, but probably most 
of tho cord is dead or growing very slightly. 

Islands wash away and shoals disappear and appoar in another place. 

WIRE-DRAG WORK ACCOMPLImED OR REQUIRED. 

In  discussing this subject the coast will be considered by localities. 
While it would be desirable to take up a section of the coast and h i s h  i t  before undertalung 

another, this has not been practicable. Except in 1914, thoro has been but one miro-drag 
party in the field. It has been necessary to take advantage of the favorable weather during 
the summer to do the exposed work on the open sea and to work in protected localitios during 
tho spring and fall. It has also beon necessary to change the plans for tho work frequently 
in order to meet special demands. 

COAST OF NORTHERN NEW ENQLAND. 

Eastport to *aunt Desert Island.-No wire-drag work has been done in this region, but 
an examination of the chart shows that it will bo necessary at  some future t h e  to investigate 
a considerable area. Tho approaches to Eastport and a part of Grand Manan Channel should 
be dragged. In  the vicinity of Machias Seal Island and to the westward there are a large 
number of shod indications, and the area between the mainland and the outer limits of these 
should be investigated. These indications extend to a distance of from 6 to 10 miles offshore. 
There are ah0 a large number of bays, passages, and river entrances along the coast that 
should be dragged. 

Mount Desert Island to Monhegan Island.-Considerable work has been done in this region, 
and the hished area includes Frenchmans Bay, all the shoal parts of Blue Hill Bay, the upper 
part of Jerico Bay, and East and West Penobscot Bays. 

Large steamers and the largest schooners navigate the deeper waters, and great numbers 
of smaller commercial vessels, as well as pleasure yachts, frequent the whole rogion, especidlly 
during the summer season. The largest battleships, including those built for foreign nations, 
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use the Rockland naval trial course both before and after acceptance by the purchaser. This 
course has the special advantage of unusually deep water close to the shore. The importwt 
results of the work in this region serve to illustrate the need for wire-drag examinations not 
only in this area but along the neater part of the New England coast as well. Four shoals, 
on any one of which a battleship might have been seriously damaged, were found in the 
approach to the naval trial course. These shoals are now buoyed, but after their discovery 
and before they were marked by the Burbau of Lighthouses, the battleship Arkansas, while 
en route for her acceptance trials in charge of a local pilot, struck one of them. This could 
have been avoided by careful navigation, but such an occurrence, at  a critical time, might 
have had disastrous consequences, and previous to their discovery other battleships must 
have passed very close to these obstructions. In  addition to the danger to our vessels, the 
embarrassment of having such an accident happen to a foreign vessel is obvious. 

Pinnacle rocks are common on the Maine coast, but as a general thing the action of ice 
and other agents has worn the rocks smooth, and as the depths rarely exceed 40 fathoms no 
such pinnacle rocks as occur in Alaska are found. For many years. a charted depth of 20 
fathoms was believed to be ample for all vessels; that is, when tho general depth was20 
fathoms or over, it was considered that no rock could extend far enough above this to bo a 
danger to navigation. In  1909, however, a 23-foot pinnacle rock was found in the main 
channel south of Vinal Haven Island, where the general depth is about 21 fathoms. At the 
time that this rock was being examined and located the battleship Debware passed very closo 
to the launches that were doing the work. Two channels that were believed to have ample 
depth were afterwards deepened by the United States En,@neers when it was found that rocks 
existed with less depth on them than the &aft of vessels regularly using the channels. The 
reason for such a condition being possible is that vessels usually follow the same course, with 
very slight variation, when regularly using a channel, and may pass close to a danger many 
times without striking it. Furthermore, all depths are referred to mean low mater, and the 
depths on shoals may be ample except during the lower stages of the tide. A 14-foot shoal 
was found directly in the course of the steamers plying between Bangor and Boston. A 
channel buoy, indicating that vessels should pass close to it, was changed to a danger buoy 
to be avoided without changing its position. Tho lighthouse on Isle au Haut when built, in 
1908, had a white sector covering the entire approach to the harbor, indicating a safe approach 
from any point where the light was visible. A few years later this sector was reduced to one- 
half its previous extent, because one-half tho approach waa found to be obstructed by shoals 
with a depth of irom 16 to 18 feet. In  the approach to Stonington, Me., near the entrance 
beacon, an ll-foot shoal was found where 0 fathoms had previously been charted. This was 
so small and abrupt that four attempts to pass a drag over it were made before the least 
depth was found. The masts of two vessels that had sunk in about 20 fathoms of water were 
found with 18 and 29 feet, respectively, over them. The former was destroyed by the United 
States Engineers tts constituting a menace to navigation. 

It will be necessary to examine a considerable area in this region in addition to that 
which has been dragged. Serernl small bays along the coast and the unfinished part of B ~ U Q  
Hill Bay should be dragged. The offshore work should be carried to  the outer limit of the 
shoal indications, which extend on an average about 10 miles out from the mainland. 

Monhegan Island to Casco Bay.-No wire-drag work has been done in this region. The 
bays along the coast and the Sheepscot and Kennebec Rivers require examination. The work 
bhould be carried an average distance of about 7 miles offshore, beyond which there are no 
shoal indications. 

Cmco Bay.-Tho outer part of this bay, including the principal approaches to Portland, 
has been completed. The people of Maine take pride in the harbor of Portland, which is 
considered the deepest natural harbor on the coast. The wire-drag examination resulted in the 
k d i n g  of a large number of long narrow ridges, extending nearly across the principal channels. 
No depths that would be dangerous to the majority of vessels were found, but a considerable 
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number of soundings less than the dredged depth of Portland Harbor were obtained. Of 
several channels previously indicated, only one was found safe for the deepest-draft vessels. 
Ono ohamel, which local shipping interests desired to adopt in order to get a straighter course 
into the harbor, was found to be blocked by wshoal in the middle. An extensivo shoal area 
which lies across the southern end of the bay was found to have less depth than charted over 
almost its entire e8xtent, but the channels between tho parts of this shoal bank were proved 
to be free from obstructions. Portland is the principal winter terminal of the Grand Trunk 
Railroad, and large vessels, such as the Carmania, enter the harbor during the winter season, 
when the peatest seas are encountered, and the danger of grounding is therefore beater. 

In  addition to the work that has been done, the large number of bays and river entrances 
that form the inner part of Casco Bay should be investigated. 

Cicsco Bay to (?ape Ann.-No work has been done along this part of the coast. A large 
number of shoal indications appear on the chart and it will be necessary to examine all the area 
along this coast out to the limits of the shoal indications, which extend about 10 miles offshore. 
The indications are especially numerous in the vicinity of Portsmouth, which is likely to be 
frequented by the largest battleships: 

In  this locality the rock formation 
begins to give. way to bowlders and, as it  is north of the terminal moraine, the bowlders are 
Scattered. An examination of the chart shows that about 300 square miles of.area lie between 
the 20-fathom cmve and the dredged channels into Boston Harbor. In  some cases 7 fathoms or 
less are indicated not far from the approach to the dredged channels. This is accordingly the 
most important wire-&ag work to  be done. Boston is among themost active of American 
ports in making harbor improvements, and a project for a large dry dock suitable for the largest 
vessels afloat is under consideration. This will eventually attract such vessels to  Boston and 
the contingency should be provided for by malcing the approaches absolutely safe. It will also 
be necessary to investigate Stellwagen Bank at  some future time. 

Cape Cod Bay.-Th area is of importance, as the approach to  the Cape Cod Canal and its 
survey i3 really a continuation of the work in Buzzards Bay, with the same claim to importance. 
Portions of the area are in especial need of work and other parts may well be reserved till later. 

Cape Cod Shoals a& Nantucket Sou&.-The rock and bowlder formations are infrequent 
in this region, which needs no dangers from unchartered rocks to make it one of the most dreaded 
bcalities on the Atlantic coast. It may be necessnry at some future time to use the wire drag 
to locah narrow sand ridges in this region, but the apparatus is not well adapted to this kind of 
work, though it can be so used. 

Boston Bay.-No work has been done in this region. 

COAST OF SOUTHEIiK KEW EKQLAKD. 

Shoals and pinnacle rocks are far less frequent in this part of the coast than in northern New 
The characteristic feature from Cape Cod to New York is the presence of groups of 

bowlders or isolated bowlders in immense numbers, as the terminal morthe of the glacial age 
corresponds nearly with the coast line. Some of the fields in southern Rhode Island and 
southeastern Connecticut are so filled with bowlders that there is scarcely room for an animal 
to  graze. It is almost impossible to believe that the underwater areas can be more thickly 
bowlder strewn, but the washing away of the loose material betweon the bowlders by the 
current may make this true. 

Buzzards Bay  and Vineyard Sound.-The dragging of Buzzards Bay is nearly completed. 
As the approach to New Bedford and the.Cape Cod Canal, the resurvey of this baywas considered 
of great jmme&dte hportance. Many dangerous shoals were found among the hundreds of 
uncharted shoals, especially in the western approach, where two shoals of less depth than in 
the dredged channel to New Bedford and in the Cape Cod Canal were found in the direct np- 
proach to the lightship marking the channel. It is now possible for vessels to use any part 
of the bay with safety, and naval maneuvers C R ~  be carried on without risk to the vesseh. In 
1904 the cruiser Brooklyn struck a bowlder in New Bedford Harbor and was badly damaged, 

. England. 
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but the danger of such an occurrence has been removed. It is in such areas as this that the 
greatest care must be exercised to insure that the drag does not jump over bowlders. These 
are generally smooth and rounded and if the drag wire strikes above their center there is a 
tendency to slip over. With proper care this will not occur without some evidence, but watch- 
fulness is necessary. 

Quicks Hole and the adjacent part of Vineyard Sound have the same formation as Buz- 
zards Bay. 

Narragamett B a y . 4 n l y  fragmentary work has been done in this bay. A recent resur- 
vey by ordLary hydrographic methods only emphasizes the need of wire-drag work. This 
bay is important s the approach to Providence and Fall River and as the most important 
rendezvous of naval vessels on the north Atlantic coast. 

Bbck I S M  Sound, Gardiners Bay, and Peconic Bays.-About two-thirds of the shoal 
ridge connecting Long and Block Islands has been dragged and the dangers located. This 
region is of no great importance except as the approach to tho proposed harbor a t  Montauk 
Point, which has been considered as a means of rcducing the congestion of the port of New 
York. The project has not been carried out, and its serious consideration depends largely 
upon whether a safe channel for the largest Liners exists. It is interesting to note that the 
last time this channel was used for trans-Atlantic lineis the Great Eustm struck a rock which 
still bears her name. The dragging of this region proved that drag work could be successfully 
prosecuted in regions of strong currents in the open sea. Launches of 65 feet were h t  suc- 
cessfully used, the previous boats not averaging more than 40 feet. The hazy atmosphere 
that is a characteristic accompaniment of the prevailing southwesterly winds of the summer 
time made it necessary to use buoys for signals. 

A wreckwas found in the deepest part of this channel with the mast only 6 feet below the 
surface and the boom actually projecting above the water and resembling a spar buoy. This 
was promptly removed by a revenue cutter. 

Along the north shore of Block Island Sound there is a bowlder-strewn area at least a mile 
wide which vessels have been warned to avoid until the area has been completely ,dragged. 
It was here that the battleship Nebraska struck a group of bowlders in 1913. So many bowlder 
patches were found during the wire-drag examination that followed that it was necessary 
to designate this area for a future complete resurvey. 

One channel between this bay and 
Long Island Sound was examined and a number of unexpected bowlders wer"e found. This 
and Peconic Bays will have to be dragged eventually to make them absolutely safe. 

This sound not only 
has bowlder bottom but manynarrowridges. While vessels of great draft do not pass through, 
many yachts use it. The strong currents make it important to know the extent of the safe 
channels. 

Long Ishnd Sound.-Not only the doubtful part (which includes a considerable area in the 
eastern part), the entire western quarter, and the whole north shore, but the whole Sound 
should be dragged. The deeper parts can be rapidly dragged with a long drag and then cer- 
tainty as to the depths is assured. Recent reexaminations of the western part of the Sound 
have resulted in finding many shoals by means of the lead alone. Only fragmentary wire-drag 
work has'been done. The harbor of refuge at  Duck Island and its approaches, some shoal 
areas in the Sound to the south of this, and the area between City and Hart Islands near New 
York are the only portions that have been examined, but in each case uncharted shoals were 
found. 

Between New York and Florida the amount of wire-drag work likely to be required is 
relatively small, as the shores are sandy and on the Atlantic Coastal Plain there is very IittIs 
rock. There are, however, kettle bottoms and oyster rocks in'chesapeake Bay and the Potomac 
River. In  t e southern sounds and rivers are stump-infested areas and also oyster rocks. 

distanoe of about 220 miles there is a practically continuous reef along tho northern edge of 

They have not yet been dragged, but should be as soon as practicable. 

Gardiners Bay is used for torpedo-boat maneuvers. 

Fishers Island Sound.4ugar  Reef Passage only has been dragged. 

PbridcG ti eds.-This is the only coral formation on the coast of the.United Stabs. For a 
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the Straits of Florida. Between this reef and the Florida Keys there are either continuous lines 
of reefs and coral heads or isolated heads with channels between. There is no area between 
tho Straits of Florida and the Eeys, or in the deeper channels between the Keys from Miami 
to Dry Tortugas and to the deep watcr outside the s h d  bank lying west of Tortugas, that 
can be considered absolutely safo, exccpt the 65 square milos of dragged area in the vicinity 
of Key West. 

An important fact is that the line of reef along the edge of the straits is marked at  frequent 
intervals by beacons and lighthouses. It was originally believed that the doep water of the 
Gulf Stream came closo to the reefs and that deep-draft vessels could pass close to them. The 
discovery of a series of secondary reefs or narrow ridges lying one-half to three-quartors of a 
milo outside indicates that this practice is dangerous. These reefs rise to dangerous heights 
only at  intervals, but they havo been examined only for a distance of 22 miles in the vicinity 
of Kcy West. There is every reason to believe that shoal spots exist a t  intervals throughout 
the extent of the reefs. This is a really important matter, as to avoid the strong easterly 
current of the Gulf Stream vessels bound west aro tempted by the desire to save time and 
coal to pass dangerously closo to tho roofs, whcro the current is much weaker and sometimes 
even reversed. 

As stated abovo tho only mire-drag work in this region has been done in the vicinity of 
Key West. This port has probably the dcepcst natural harbor south of I-Iampton Roads, and 
during tho Spanish-American War it was of great naval importance. In  addition t o  its use as 
a coaling and repair station many of the captured prizes wcre anchored there pending tho 
action of tho courts. The steamer Denver of the Mallory Steamship Co., recently lost at sea, 
formerly entered Key West with a draft of 24 feet. 

The results a t  Key West are startling to anyone not familiar with the coral formation. 
Immediately after the Spanish-herican War very thorough surveys by means of the lead 
line were begun. In  such an area as that a t  Key West these are practicdy useless except 
8s furnishing the basis for wire-hag work, as they are absolutely inconclusive. As the result 
of dragging, Over 500 coral heads and shoals were found in the 65 square miles dragged. In 
the principal channel, supposcd to have 30 feet, four 17 to 24 foot shoals wore found, which 
Wero promptly removed by the United States engheers. This channel was found to have 
Only 28 feet in its entrance instcad of 30 feet, and this was narrowed by shoals on each side. 
The information obtained with tho drag was necossary for the deepening of the ohannel, which 
has since been done. 

Of the four important and thaee unimportant channels remaining, all have been practically 
abandoned except the Northwest Chamel. This is partly dredged but it was found difficult 
to carry the depth thou& the main channel which can be taken through the dredged portion. 
Tho Southeast Channd, originally used by vessels 17 feet in draft, was found to have a number 
of 13-foot heads, and the buoys have been removed. 

It has boon necessary to drag moas a t  Eey West which are of no commercial importance, 
as the maneuvers of the torpedo flotillas are held hore every winter. The destroyers require 
a comparatively shoal area, so that lost torpedoes may bo recovered, while the destroyers 
must bo in no danger of striking shoals, as at  their high speed such an occurrence would be 
fatal. 

Between Dry Tortugas and tho Keys to the eastward there is a channel much used by 
vessels bound to the east Gulf ports. This channel has two charted shoals in the middle, one 
of which is marked by Rebecca Shoal Light, and thcre is every reason to believe that thcre 
are many more. Several vessels have reported striking in the vicinity, but owing to uncer- 
tainty in their positions the faots can be determined only by an extensive wire-drag survey. 

Vessels which are doubtful about this channel and decide to pass west of Tortugas must 
give tho latter a wide berth, as there is a shoal bank west of Tortugas. This bank must also 
bo avoidod by vessels approaohing from the westward. 
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Th6se open-sea areas remote from harbors present special difficulties in the use of the 
The expense will be high and i t  will be n e w  Wire drag, but it is practioable to do the work. 

sary to c o n h e  the work to the portions used either by commercial vessels or by the Navy. 

UNIT COST OF WIRE-DRAG WORK. 

This is a complex matter. Wiredrag work consists of two antagonistio operations-that 
of covering area, or sweeping, and that of finding shoals. The apparatus best adapted to the 
first operation is not that whioh is most effective in the second, and that actually used is a 
compromise between the two requirements. Covering area proceeds most rapidly when the 
shoals are few in number, and shoals can be located and developed most satisfaotorily when 
the purpose of covering area rapidly is temporarily subordinated. 

The actual cost of wire-drag work in the past has varied through a wide range from between 
$125 and $175 per square mile on the New England coast to between $450 and $600 in the 
vicinity of Key West. It is proposed to analyze the oost in suoh a way that i t  will be evident 
why the oosts arc so large and why they vary so much. 

The principal factors that increase the oost will be listed more completely later; they 
include weather, tides, currents, bottom conditions, interference from the operations of fisher- 
men, failure of equipment, and lack of skill on part of members of party. 

It may bo said with reference to very expensive work that U S U R ~ ~ Y  the very factors that 
increase the oost of the work are those that make navigation dangerous, and that usually if 
the work is more mstly the results are likewise of greater value. 

The following method of andyzing unit cost has been adopted: The statute square mil0 
has been adoptctl as the unit of area. The cost per unit of area will be considered without 
effort to distinguish between cost of sweeping and cost of locating shoals. 

In  order to have a unit which will be practically common to all operations the basic cost 
per linear mile mill be defined (b  in formula). This is the cost of moving a drag 1 m i l e  under 
conditions that are theoretically possible but which are rarely if ever obtained. It is the cost 
of operating through a linear mile a drag of such length ns to  cover a statute mile at a single 
sweep, moving nt  the rate of 1.5 statute miles per hour for five hours each day, every day except 
Sundays and legal holidays, from the first day’s dragging to the last day of the season. This 
unit cost can be obtained by dividing tho total cost of tho season’s work (C) by the total number 
of days just mehtioned (t’) and then by 7.5=v’ x d’. This will be very nearly the same on 
the coast of New England as on the const of Florida and will differ from that in Alaska only 
with the increased total cost. I t  will be slightly less for a long season than for a short one, as 
transportation and other charges that are not monthly are relatively smaller. For a carefully 
analyzed season at  Portland, Me., the value of b was about $16. It is evident that i t  will cost 
just as much to operate a 1,200-foot drag as a 4,000-foot drag, provided the velocity is the same. 

Now, in ordcr to reach the desired unit cast per square mile from this basic cost per linear 
mile it is necessary to multiply the latter by certain factors. 

The fwst factor, L, is obtained by dividing the number of linear milos (1’) by the area (A) .  
It is evident that if four linear miles are required for each square mile finished, tho cost will 
be four times as great as when only one mile is required. This factor includes the drag length, 
the overlap whether necessary or  excessive, and repetition whether because of shoals or area 
missed. 

The second factor, V, is obtained by dividing the standard velocity, 1.5 (v’) milos per hour, 
by the actual velocity (v). The necessary increase or decrease due to this factor is obvious. 

The third factor, D, is obtained by dividing the number of days, exclusive of Sundays and 
legal holidays, from the fmt day of dragging to the last (d’) by the actual number of days on 
which work was done during this period (d). This is the weather factor and includes the effects 
of wind, sea, swell, and conditions which make signals invisible, such as fog, haze, and smoke. 
The amount of exposure to tho open sea enters into this, as work can be done in protected 
regions when impracticable in the open sea. The factor decreases with the ability of the boats. 

- 
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Run t o  working grounds ......................... 1 1G 
Setting out drag.. ............................... 42 
Spentindragging ............................... 2 12 
Parted drag, dead linea.. ....................... 47 

Roturn lrom working grounds ................... 1 08 
Tnkjlig u p  drag.. .............................. 3~ 
Ondlods ....................................... 1 27 
Lobetcr pots .................................... 24 
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Entire s w n .  Beforo June30. 
- 

b ..................... 15.9 15.9 
L ..................... 2. 96 4 v ..................... 1.05 .8G 

T .................... 2. 27 2. 76 
Product of 4 factors.. .. 10. s5 14.9 

D ..................... 1 1.54  1. 56 

c ..................... 1 $173 8 4 0  
n=& 3 

Total cost.. .... 814,800 $5,280 i n=3.3  
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July I-Sept.28. 

15.9 
2. G 
1 . 1  
1. 52 
2. 08 
9.05 

$145 
n=2.2 

I $9,150 

Portland, i Key wwt, 
1914. 1915. 

b ......... 15.9 ' 17 
L ......... 2. 9G 1 4. 3 v ......... I 1.05 1 . 1  
D ......... 2 
T _.___ _ _ _ _  
Product.. . 10.85 37 

C ......... 
n ......... 

Panama, 
1912. 

22 
2 
1 
1 . 1  
1.2 
2 .6  

$60.00 
. 2  

In  order to decrease 1 e factors, i t  is evident that it is necessary -0 increase the time spent 
in dragging, thelength of the drng, and the speed. There are serious objections or obstacles 
in the way of increasing each. The run to and from the working grounds with given launches 
is fixed, with advantages in having fast launches. The time of setting out and taking up the 
drag can be decreased little, as 35 minutes for a 4,000-foot drag sufficed for each operation 
through a period of several weeks. The removal of the drag from shoals was kept at  the low 
figure of 26 minutes through an entire season. The losses from lobster pots have been reduced 
to the lowest possible figure. Losses through failure of drag are studied and every effort mado 
to remedy the defects. Large launches make it possible to work in rougher seas and decrease 
the weather factor. 

The length of drag is kept as great as possible, but a number of elements kcep this down. 
In  work close to bottom the time required for the tender or tenders to make a depth change 
Lues the length. The length of drag is often restricted by the width of the sections laid out for 
lobstermen to remove their pots. In  narrow channels, or in regions obstructed by ledges or 
buoys, the drag length is obviously restricted. 

The velocity in deep-water long-drag work could with advantage be greater than 1.5 miles 
per hour could enough power be used to gain this extra velocity. In  shoal water a greater 
ve1ocity.k a serious disadvantaFe. The tenders can not make the changes in the drag depth 
fast enough either on approaching a shod or in setting the drag deeper after passing it, and 
the area of doubtful depth is increased. At a high speed tho likelihood of parting the wire 
when tho: drag strikes is greatly increased and there is danger that the drag will not catch firmly. 
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As to the repetition involved in factor L, i t  should be remembered that the effective width 
of tho drag is important. This may be reduced, either by failure to keep the launches heading 
at sufficient angles to each other to got the required tension or by the end launch failing to keep 
tho drag normal to the direction of pro,aress. A curious feature is that tho amount of repetition 
necessary docs not increase directly with tho number of shoals, but in a much smaller ratio, 
as when the shoals wu closely groupecl n single sweep 111ay bo sufficient to  pass over them all. 

I t  should be remembered that the cost of covering mea has a more definite meaning%han 
the cost of triangulation or ordinary hydrography. The wire is actually passed over an area, 
and 110 imaginary horizontal or vortical lines enter into the operation. I n  other words, tho 
operatioil involves three dimensions instead of two, in that a definite volume of water is 
actually scparatcd, so to speak. 

Nom, in tho “Description of tho Long Wire Drag” for 1914 it is stated that the unit cost 
of wvire-drag work in New England is $125 per square nile. It would appear that the work at  
Portland represented a loss in economy. I n  spite of this there has been a steady increase in 
economy and the results for n given cost of work have increased. 

For example, a t  
Portland the average length of drag in shoal-water work in the open sea wns increased from 
3,000 feet to 4,000 feet. 

1. The lengt,li of drag for each class of area has increased steadily. 

2. The time of the incidental operations has decreased. 
3. The use of larger lnunchos has made it possible to work in rougher water. 
4. The iniprovement in laborsaving machinery has made i t  possible to reduce tho number 

5 .  The operation of clearing the drag and connecting it when parted has been improved, 

6 .  The present systeni of obtaining removal of lobster pots is more effective, and ltlrger 

of men. 

with a consequent reduction of time. 

sections can be laid out. . 
REASONS \vffy THE COST HAS APPARENTLY MOREASED. 

1. Since 1910 all work on the New England coast has been done in tho open sen, or that 
in tho bays has been done a t  an unfavorable season. This \vas not true previous to that time. 
There has been very little clew area and Some of the area had an excessive number of uncharted 
shoals. 

2. TO meet the jncreased draft of vessels in the important ports whose approaches were 
being dragged the maximuin depth of drag mas increased froin 36 to 48 feet, bringing lnrge 
areas into the class to be drqged  close to bottoni as well as incrcnsing tho number found. It 
is Very obvious that with shoals projecting the same height nbow the general surface of the 
bottoin the closer the wire is passed to bottoin the niore will be found. 

3. The use of large launches, Tvhich \per0 necessary to make any progress, increased the 
cost nearly in proportion tlo the increased output. 

4. The groat amount of area dragged closo to bottom requires n highly skilled force of 
men to get results coininensurate with. the expenditure, and pay inust be according. Incidentally 
the work has been done dmost exdusively froin sumuor resorts, where there are practically 
no m7nilnble men locally and tho cost of living is exceptionally high. A long drag in open 
water with a few shoals can bo operated with coinparntive ease, no nintter if its length is more 
t h a n 2  nlilcs, whilo a‘short drag in shod water often requires all of the ability of highly skilled 
party to get any results at  all. 

It is thought that the increased efficiency and saving in cost will be very clearly shown 
during the present seasoxi at  Boston. The conditions ns to number of s h o b  and lobster pots, 
While by no means entirely favornble, are far better than at  Portland. 

TO give an application of the inethod of aiialyziiig the cost a t  the beginning of a season 
the area to be dragged. by wire-drag party KO. 1 will be analyzed. 

There are about 60 square ndes to he dragged with the proposed 24,000-foot drng operated 
jointly by parties No. 1 and No. 2.. It is believed that this can be done successfully, as n 
12,000-foot drag was operated at Panma with much inferior equipment. There are 45 addi- 
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tional square miles outside the 10-fathom curve which will permit the use of a 5,000-foot drag. 
There are about 45 square miles of shoal watcr area, about one-half of which is of difficult 
character. . This will usually permit the us0 of a 3,500-foot drag. 

b ......................... 
L. ........................ 
17- ....................... 
D ......................... 
T ......................... 
Product.. 
C . .  ...................... 

Total cost ($14,150). . 
................. 

I j section I. 

IG 
0.7 
1 .2  
1.5 
1 .2  
1 .67  

$20 
$1,200 

I I 
section 2. 

1G 
1 . 5  
1.1 
1.5 
2 
5 

$80 
$3, GOD 

section 3. 

16 
3 .5  
1 
1.5 
2 .5  

13.1 
$210 

$9,350 

Assuming that the above program could be carried out the net unit cost would be $100 
per square mile. It is proposed to analyze the cost by the above method at the close of each 
month. 

SUMXARY OF CAUSES THAT INTERFERE \VITII THE PROGRESS OF WIRE-DRAG WORK. 

1. Weather.-(a) Wind; ( 6 )  sea; (c )  swell; (d) fog; ( e )  liaze; (f) smoke. 
2 .  Bottom condilions.-(a) High percentage of area ‘of a depth less than the maximum 

depth to be verified; (b )  broken relief of bottom; ( c )  number of uncharted shoals found, total 
soundings miilus those which are too close to others to be considered separate or of less than 
charted depth; (d )  s m d  size of shods-hard t o  get lead on small pinnacles; ( e )  large size of 
slionls-difficult t o  find all points of such shoals and harder to clear drag. 

3. Current conditions.-(a) Head tide reduces speed of drag; ( 6 )  cross tides make it 
difficult to control drag; (c) fair tide may make the drng go too fast for best results and drag 
may part if it  catches bottom suddenly; (d) excessive currents.may cause tide rips and so 
make it possible to \fork only during slack water; ( e )  current running against sea or swell make 
them much greater; (f) reversnl of current with the tide usually mnkes i t  impossible to utilize 
a fair tide throughout the working day, sometimes more economical to stop work than to run 
against tide; (9) currents running contrary to  expectation, often due to wind. As the effort 
i3 made to select favorable currents, opposite conditions if found have disastrous results in 
reducing tho output of work. 

4 .  Tide conditions.-(af A great range makes it hard to keep the drag at the desired 
depth-tends to be too great on ebb, too smd1 on flood; ( b )  when drag is aground or delayed 
for any reason falling tide may place all of drng aground instead of a part; (c) difference between 
actual and predicted tides may cause drag to catch or pass too fnr above shoals. 

5 .  Location,-(a) Distance of harbor used as base from working grounds; (a) amount of 
exposure to sea and winds; (c) islands, ledges, ctc., which make i t  necessary to shorten drag. 

6. Lobster pots and otherJis1ling gear.-(a) Cause delay in setting buoys for their removal; 
(6)  make it necessary to shorten days when sections me completed. 

7. Lack of ski21 i n  party.-(a) In keeping drag in desired position-may result in unsatis- 
factory results in depth, striking shoals or chnrted depths when not desired and in leaving 
“splits” w-hich later require that time be spent in running over finished area to  reach thcni or 
in taking up and setting out the drag several times in n day; (b)  in keeping depth correct, espe- 
cially in judging tido and speed of drag; (c )  in properly predicting amount of wind, sea, and swell; 
(d) in finding shoah promptly; (e )  in removing drag promptly after shoals are located; cf, in 
getting the parts of the drag together after the wire breaks; (g) in keeping the drag parts out 
of tho propellers; (h) in observations which may put in error the position of the launches or 
the shoals. 

8. Equipent  and apparatus.-(a) Breaking of the wire in setting out or when dragging; 
(6)  failure of buoys; (c) failure of cngines, eight in number. These include those propelling tho 
launches engaged in towing, those on the tenders, and the nuxiliary engines, operating anchor 
hoista, air compressor, reels. Failure of any of these may stop the work or delay it. These 
are all gasoline ‘engines, which are perhaps more liable to get out of order than others. 

, 
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Form a0 Ij 

MONTHLY REPORT AND JOURNAL OF WIRE DRAG PARTY. 

4. Buo s. 5. Floats. 6. Reels. 7. Engines. 8. 

Office work: A. orts. D. Accounts. E. Prc aring soctiona of charts for 
Signal outfit. 9. 

various pur oses. 

buoys. 11. gutting fuel aboard. 12. Miscellaneous. 

np aratus. G. Instructions P or members of party in per- 
Eobster-pot notices. J. Correspondence. K. Bids for 

B. Descri tion and 
formance o P duty. 11. Artic f es for 

21 supplies. L. Miscellaneous. 
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16 16 17 

B ~ T  IN OCCASIONAL INCI- 
DEhTAL WORK. 

18 19 ao a i  aa 28 

~ H O H E  WORK ON DUO-OFFICE WORK--nEAfARKE. 

____ .__ .____ I  __-________-_____---.---------------------------------- 
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ORQMTZ+TION OF PARTY. 

............................................................................................................... I .................. 

.................................. ............................................................................................ .: 

........ .................. 
! 

I 
........................ i.. ......................... y . .  ...................................... ................I... ............... 

PERSOX3 M PARTY ESCLVSWE OF N ~ ~ ~ ~ .  -.) I 
I 

NAMES OF OFFICERS IS Pran-. 

Aids .................................... 11-1 .......... 

Deck office rs................ !... 
I .......... \%tch officers and mates--. ----_____ 

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

IIands _ _ _ _ _ _ _ _ _  ......................... I ............. 
I 

I 
I 
I I 

1 .............................I ................................................ ' ................................................. I tmistants ................... ........... -- 

. ~- ..~. _. .- - __ 

P h l D  DIJRISG ~ O N T I I .  

! 
I 

Party expenses: 
i 

- 
ISCURRED, NOT PAID. OF Momn. I 

! 
I '. 

Post office to which letters shpuld bo addressed, __________________-_--.-----.------------------..--------------.-.-------------- 

Party pay ......................................................................................................................................................................... 

Sub&tence ..................................................................................................... 

Launcheu ......................................................................................................................................................................... 

Address telegrams or telephono messages to ______.._____________________ ------- -______________.________________________-------- 

3 .  WSsiE Address freight or express to __________._____________________________----------- --------- ----__--___________________________^____------ 

SEE 

Respectfully, 

____________________-------------------------------.----------, 

Comt and Geodetic Survey, Chief of P a w .  
To the SUPERINTENDENT 

9s!E U. S. COAST AND GEODETIC SURVEY. - 
DIRECTIONS. 

In  Col. 2 enter miles per hour, if practicablo. Col. 6 refers to visibility of' simals, fog, ham, rain, otc. 
I n  Col. 7 estimate time lost by delay in start or early return due to weather. Co'i. 20 is sum of Col~. 8 9, 
15, 16, 17, 18, 19; it  represents-tho part of each day whcn work is not interfered with by bad weether 
exclusive of time used in settinv out and taking up drag-that IS, the time that could bo used i n h g g i n g -  
were there no interruptions. . 601. 23 means tho actual number of unchartod shoals or soundings found. 
Those which plot very close to others, or which give no now information, aro omitted. 

It is advisable for the Chief of Party to iill out tho journal personall each clay, preferably directly from 

such as time lost through the drag parting cn shoals and other causes acting simultaneously, must e divided 
according to judgment. 

B tho rccord during the run to  tho harbor. In this way it will pve  valun is le results. Various corn licntions, 

In entering shoro and office work use only thc corresponding letters and figures given on page 1. 
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