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|. INTRODUCTION
A. ABSTRACT

Since the side-scanning sonar was first introduced to the

scientific community inrthe mid-1960's, it, and the search tech~

niques used with 1t, have seen continual re-development and refine~

ment. The search for the U.S.R.C. BEAR represents another plateau

in this process. fhe sophisticated electronics used in this effort

have brought unparalleled accuracy to an underwater search employ-

Ing-a.singlg'surface ship.
This report includes 2 complete discussion of the use of

the new micro-C.P.0. LORAN-C systems,‘and a practical guide for

integrating them into underwater search. Analyses of search pattern

construction techniques, the utilization of videotape documentation,

and the managerial considerations inherent in scientific expedi-

#

tions, are also iné{uded.
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B. A SHORT INTRODUCTION TO THE U.S.R.C. BEAR

The auxil}ary barkentine gggg'was built in 1874 by Alexander:
Stephens aﬁg Sons to serve in the se#ling trade. In 1887 she was
pﬁrchased by the U. S. Navy to take part iﬁ the rescue of the
Greely Expedition. Following this adventure she was transferred

to the U. S. Revenue Cutter Service to patrol the Alaskan coastline.

‘ The Revenue Service, parent organization of today's Coast Guard,

put her to steady use for forty-two years breaking ice, providing
medical assistance fp the eskimos;enforcing and administering the
Iaw,'and saving Iive;hand property in the wild and dnpredictable
Northland. In 1929 Admiral Richard E. Byrd purchased the BEAR for

his Antarctic ventures; and in 1941 he turned her over to the Navy

for patrol duty in World War 11. Following the war she was stripped

-

and sold for scrap to a Nova Scotian firm.

It was in Nova Scotia that Alfred Johnston purchased the BEAR,
intending to make her into a restaurant in his native.Philadelphia.

The tug IRVING BIRCH, Captain Chasholm ccmmandlng, left Halifax

harbor on Sunday, 17 March 1963, with the BEAR in tow, and headed
for Philadelphia. Two days later, 19 March the BEAR was founder-
ing in twenty foot seas; the towline parted and water came pouring

in through uncaulked seams in her hull. Both the U, S. Coast Guard
and the Royal Canadian Air Force directed units to assist the BEAR;
a CG HU-16E (CGNR7227) and a Canadian c-47 (vc258) arrived on scene

some time later. Neither aircraft, however, could be of assistance,
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-and the BEAR ended her gallant career

the waves.
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C. PRELIMINARY RESEARCH

Beyond this general description of the BEAR's sinking, as

previously mentioned, the published accounts give a wide variety

of. details; some quite contradictory. The focus of the prel:m;nary

research sought to clarify the important details, and answer these -

three basic questians:’

1., Where did the BEAR sink?

2. When did the BEAR sink?

3. In what condltlon are we ltkely to find the BEAR?

\

To determine the answers to these questlons one immediately -

recognizes an obvious historical ‘source: the people on scene. A

ssibly very detailed account might also be obtained

secondary, but po

from the insurers. No information was available from the Canadian -

atreraft, and the log of the USCG HU-16E had been disposed of.

COR E. L. Rahn, USCG Ret., and his co-pilot, CDR pPaul L. Lamb, USCG

Ret., were able to prbvide some information. Both pilots referred

to William Bixby's book Track of the BEAR, as containing the posi-

tion where the BEAR sank: 12° 25'N 65 35‘N CDR Rahn also indicated

that this position was established by his flight and was probably

accurate within five miles, and no mofgﬁthan ten miles off. The

HU-16 was navigating by idead reckoning' that day, tsypported by

LORAN-A signals after leaving the coast,'! CDR

-

very few, and poor,

Lamb, in his letter, supports CDR Rahn on these points; and is his

contention that IRVING BIRCH was not at ‘the position she repor ted

herself at, but some 40 miles SSE. COR Rahn's letter of 19 March

e s ekt e Resia A b o 9 e
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1979 and CDR Lamb's of 26 March may be found in the appendix.

The skipper of the IRVING BIRCH, a man named Chisholm, was

" contacted by telephone. He suggested that the tug's log be obtained,

assuming that this log is extant. This log was not found for the

~search. Captain Chisholm said that he remembered the BEAR sinking

about’zooo because it was at that time her running lights dis-
appffréd~from view. He could not say, though, that he actually saw

the BEAR sink. The winds, as he recollected, were from the north-

- west and the seas were quite rough which agrees with the CG pilots'

accouhis. He could supply no infokmation on the state of the gggg
as she sank, nor dfd he have any explanation for the discrepancy
between the pos:t|o; he reported, and where he was actually found.
~ The BEAR was nnsured by Prize, Forbes and Company, Ltd., at
Lloyds of London which has, since 1963, been absorbed by Sedgwick,

Forbes, Bland and Payne, Ltd. In response to an inquiry of 15

April, they replied on the 26th that all records concernlng the

BEAR had been destroyed.

One profitable source of information was uncovered through an
offhand suggestion made at one of the team meetings. This was the
recomméndation that U. S. Navy submarlne service records be inves-
tigated to see what information they m:ght contain on wrecks (inso-
far as they are hazards to submarlne navngation) Upon further
investigation it was found that the Navy did indeed chart wrecks,
and had produced a LORAN-C overprinted chart showing the wrecks on
Brown's Bank‘(our search aone). Later, a Navy publication was found
which listed one of the wrecks noted o; the chart (above). rThis

wreck is just off the bank in a submarine trench and is identified
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in this publication as the ''Schooner gggg," The source of this in- A
formation was given in thg publication as Canadian.

At the conclusipn of this background investigation the teamjwas g

armed with sufficient information to begin the search. There wers,

however, some uncertainties and unknowns not fully accounted for
(and so they remain, at present). The investigation .produced noA
original sources, but had to depend on the memories of the partici-
pae}s for the position at which the BEAR sank, and other such
.particulars. The position obtained appears to represent the spot
where the HU-16E_found the BEAR, yet it could also have been where
she actually sank (thh.the drift added in)--the pilots are unclear
on this point. Kiso,.bpe cénnot say, for certain, just whén the i
BEAR sank, nor -is It_kndwn in what conditién or orientation she sank. “
I f any further search for the BEAR is contempleted, it would be

beneficial‘to make every effort to_ffll the gaps.remaining from this

(the first) investigation. In an intensive re-investigation of this

sort, more positive information might be obtained from Canadian

sources. If the log of the IRVING BIRCH (owned by the Atlantic

Towing Company) is extant, it should be;found and examined carefully
for any.details it may contain. So, too, should a study be made of
any written account(s) held by the RCAE\in.connection with the flight
of the C-47 aircraft which saw BEAR as sée was foundering; One
shogld also attempt a more careful study of Navy information sources;
they have already proved invaluable, and more (and better) position
data might be obtained from them.

As a fi;;l suggestion, it would be good to contact Alfred



Johnston, the last owner of the BEAR. Sﬁch an attempt was made near
‘the ehd of ;he 78-79 semester, but.it failed. Some.caution should
be exercised in communicating with Mr. Johnston since this affaié_
was costly to him; yet, it would be good to find him and gather what

recollections he has of what.actually happened in March of 1963..
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D. PROJECT HISTORY

The Cadet 'BEAR project'' began at the suggestion of Dr. Harold

%} Edgerton, Professor Emeritus at M.1.T., that a team of cadets :
. attempt to find the BEAR using the side-scan sonar he had engineered.

| & : A few months after presenting a fascinating lecture at the Academy,
Dr. Edgerton approached Academy officials with this plan, and it was

given to CDR D. sandell (director of Academy research) to develop as

BRI

a Mission Area Program for the first class. CDR Sandell approached }

TR 4 Ve TS
7 o

the class of\iBBO in January 1979 with the proposed summer '79

M.A. P.; and solicitéd volunteers'with the understanding that, at that

T e

time, no vessel had been assigned to participate in the search.
Despite the apparent uncertannty in the viability of the project,

thxrty-fnve cadets signed up to participate in it. Out of these, a

team of ten was chosen on the basis of their academic speciality and

grade average. Three alternates were also chosen should any of the

z

selectees be unable to complete the project. At their first meet-

ing together the cadets were advised that they were to take a one

P

credit, semester overload for which they were expected to do all %

the research necessary to begin the search. Accordingly, jobs were o

%1 divided up among the thirteen team members. Historical fesearch i
?a (see preceding section), equipment familiarization, information

%L acquisition, and organizational refinement of the project were all

g. i accomplished in tﬂe next four months.

EQ. - The team also had to find a suitable search platform béfore all

; this careful research and planning could be put to use. CDR Sandell

5
SRS
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sent a message informing the Atlantic Area command of the project
and its vessel needs; and on the 14th of February recelved a reply
that stated that the command was attempting to free a vessel for
the search. On the 16th of February the Fifth CG District informed
the Acédemy that it could supply aWtB for the project. By the
end of the month, thé'search had been aséigned to USCGC CONIFER,
LCOR R. F. 0'Toole commanding; for the 11-19th of July.

‘Duripg this time the team ajso took advantage of Dr. Edger-

ton's Invitation to go to M.I1.T. and receive an informal lecture
on the sLﬁ; scan sonar, and underwater search techﬁiques. His wide-
ranging experlence~ip this was both informative and inspriational.
The nekt phase'ﬁf the search proparation began once the team
returned to the Academy from thé Cadet Summer Cruise. The next two
weeks were spent in awide variety of activities; the ffrst being a.
familiarization with the sonar and Loran equipment being used in
the search. The cadets went out into Fisher's Island. Sound on
Academy T-Boats to practice using the equipment on objects which
the Coast Guard kesearch andqpevelopment Center had placed there
for that purpose. Mr. Richard walker;'ffdm the RED Center, came
aboard the T-Boat for tﬁe first couple of trips to‘instruct all
hands in thé peculiarities of using the. side scan and interpreting

its trace. LCOR Keary, who had replaced CDR Sandell as the project

officer for this phase, showed the cadets how to make use of the

" sophisticated LORAN-C receiver and plotter they were to use. The

cadets élsgﬂtook time to construct buoys for marking any submarine

' contacts they should find. Time was also used to take care of any

other loose ends before the sedrch was Begun.




. 10
On the 10th of July the USCGC COﬁIFER docked at the Academy
pier and all of the search equipment was loaded on board. The next
day was spent installing and stowing all the gear, and by 1500 tﬁe
ship got underway. The CONIFER transitted the Cépe Cod Canal that

night, and proceeded to the search area designated '"'Alpha,' arriv-

ing there about midnight on the twelfth. Upon arriving at the center

of this first search area, a datum buoy was dropped and the side

scan ""fish'' was deployed. The sonar was found to be malfunctioning,

and it could not be operated as planned. A stop-gap arrangement
was rigged with the "fish'' being towed alongside the CONIFER on a
50 meter cagié.' Be%éuse of this shortened cable length, the
recorder had to be plé@ed in the ship's office, énd the cable lead
through a porthole. This arrangement was used until the 150 meter
cable was repaired--the 14th of July.

The cruise proceeded well after this initial setback.- Other
probiems which the team faced were primarily in determining the
.areas to search--this is discussed fully in the results., After
searching for approximately four-and a-half days, the CONlFER

headed back to Portland, Manne to end’ the expedition.
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(291 Leach Park BUVE. :

Fosten (ity, (a., PH40%
19 barch 1979

Szephen £, Glyan, (ed. 2/c
Us 5. (vast Guard Academy
New London, (2., 65320

Qecuz :"Ea, g-[ylln.’

Lt appears you may have undertaken the Zask of .loca,z‘.uz? the proverbial
“needle in the haystack” in attenpting io find the nerains of the (G
Lean, Lf is 'lowﬁi&d that any 3n..o,.vzaf.wn I' en able #o recall will be
of ruch wse o you, but [ :_d.é/'glac[ Zo pass it along. The Lflight wes
made 16 yeara ago iociau and was not the moat nai.zw/d.’zae of the thousands .
of SRR missions I ,..[eucﬁmnc 20 yeans, If wu need poaition accuracy
L Lless than | mile I cwubr. a‘.‘te/z... Lo angone able 2o p/wwde that
z.n,.o/z.mz‘.wn. D
In the book "Track Gf The uea/z." by Willian Bixby, the position ol the
Lear’s sinking Ls given as 42 2541’ 6535 v, on afue east True from
Loston. I 6e&eve this p:wwn. Lo the vne established by oun Plight,

" The neponted position of £ Zhe tug laving Binch towing the Bean was some

40 miles S5£ of #his position and I feel centain she was in ernon.

" Prion #o our arnival on scene a (anadian plane hod already stented a

seanch in the fug's neponted position and hed not locoted her. Ao we
aponoached #he anea re wene able Zo establish weak and intenmittant
rcdio communications with the Inving Linch,” Although these nadiv aignals
were sponadic, Zhey provided ws with envugh information 2o home in on
the tug using he airenaft 2OF equiomend, sz primany method of naviga-
2ion enwute the scene was OR Aua,wzded by y very Lew, and poon, Lonan-A

aignala alter leaving the coast, The entire Llight was Houn af low
altitude and most of the Lime well out of rcach of VO, UAE on Ain
Defense Radan nange. ' -

. Cur primany concenn during the Llipht was the welfone of the ,:e.uorw

on board the (4 Lean, The tug I/zvuzr Birch was ex:ffz._'raelq conceaned
about how they would pick the #mw people off the Bear. The winda
wene veny atrwng, al deast 33 o 40 knois with highen gusts, and sea

. conditions wene nuite noush. The dug was unable o asproach the Lear
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= 12.
without dangen of doing senivus damage o both shizs. Yo mene Linally
cble 2o esitablish neasvnably good rcdiv comunications with the dug.
e hen had hen move uauind of the Lear and dropped a rubben faft with
a dong #rail Line over #he tug, The nalt was Zloated doun to the Lean

and the o pensons taken of;

Since we were noi conceaned with accurately fixing ithe position, no
attenst was made do do 0. Alten the men wene salely aboard the Inving
Binch, we wene dinected to retunn.. On the retunn Zrip we flew directly
20 Logan Airpont at Boston to dnop off pictures we hod faken of the Bean.
[ nememben nothing unusual on the netun inip clfer iaking depanture
Lrom our neponted position. Cun penetnation of e Ain Defence Idnti-
2ication Zone and oun ETA at Loston I feel were all well within noamal

Limits, Cun neponted posiiion was probably accurste within a 5 mile

 nedius and centainly within a rzlius of (0 miles. The (G( Learn, howeven,

did no aink vhile we wne on scene, but someiime later. There Lo some
doubt in my mind aﬁ‘mi/';euen the laving Lirnch was sure just when dhe did
go down. She was 22U alloat and dozn by the bow when we depanted.

She was probably drifiing South ard fact vhen we deft and I have no

waz of knosing how many houns she dailied before zhe went fo the boittom.
Good Luck wizth your project, I would be inferzsted in heaning uhat
progazas you ane able o moke. I uwould centainly be infercoted hearing
il you are ehle to docate The (] Jparn. At various times in wy canzen

people Aunned up who had been connecled with the Bean. In my files

I have a phodogragh of a pictune of 2he Bean done in cement by (apt.

 Frank (uny in Kodiak, Alaska. At the iime he did this picture he was

approximedely 90 years odd and it is vell done. The oniginal pictune
Lo quite impressive, some 4! by B!, and I azaume is 22 located in

Kodiak,

Edwin L. Ra

(0%, USTS, Pet,
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- o . '  .Date: 26 March 1979
Paul L. Lamb

. Jean M, Butler

. Su‘bjact:’USCGC.BEAR.. ' e T e - . PR . ._.

" T am excited about your project and will be pleased to give you whatever
¢ information and/or assistance that T can, On 19 March 1563, HU16E CGR 7227°
: ' was diverted from a training flight in the vicinity of New Bedford, Mass. to
. ""agsist the tug Irving Birch and the EEAR. The total fiight time was 6.7 hours
" The pilots were Lt. Ecwin L. Rzhn and myself. (This information from sy flight
' log book.) The aircraft and crew wers stationed at CG Air Detachment, Quonset
. Poimt, R,I., under the operatisral command of CG Air Station, Salem, Mass,
2 The following inforw tion i3 based on my memory. Navigation was accomplished
_ty loran-A. The actual location of the tug was by ADF. Two persons Were abtoard
. the BEAR. A raft was dropped upwind of the EZiR with a long trail line and -
E 4t was retrieved by the two persons who then boarded the raft and were.later
" picked up by the tugs The tug repdried that it would remain on scene until :
k. eontrol of the tow could be effected. CGNR 7227 departed the scene after it 5
' * yag ascertalned that no further assistance could be provided, The seas were o
F s —T eotinate at least 20'. The wind at least 30 kts. with higher gusts |
1. from the No_rt}_x-no_i'thwest. The drift of the vessels was generally southward.

. This informaticn is from PTRACK OF THE EEAR? by Willlam. Bixby, David MeKay
k' Company, Inc. New York, 1965, "ot until the next morning did the crew learn

i yia the local radio’ station that the BEAR had sunk, Her position, 42° 25" N. .
"~ 650 35", on a bearing from Boston of 030 Trus,"” :

£’ fhe BEAR was still aflcat when we departed the scene. I do not know how the
- reported pasition of the sinking was ascertained, but T assume it was reported . . ‘
by the tug IRVING BIRCE. As far as I know, there was no other unit;, Coast !
Guard or otherwise on the scene after we departed. . i
T would like to be able to tell you that "T saw the BEAR sink in some particular
posltion_and_l obtained an accurate fix", but that just jsn't the case.. I do

hope that what I remember will be of soms help.to you, and T would be hapoy. .

to cooperate in any Wway that I can toward the sucessful completion of your
project. ; ) oo

. . .. . . - -
.o - s ee s w -

. Sincerely, E
o2 XRZL |
. - S 7 St P A N S - .
Paul L. Lamb ~—

“~

. | ' 230 65tn St. North .
- o B © " St. Petersburg, Fl. 33710




I1. EQUIPMENT
A. LORAN-C

1. SYSTEM INTRODUCTION
The principal means of navigation used was LORAY-C, a hyper-

~bolic electronic navigation system.

[

A hyperboia. is the locus of points, from which
the difference of the undirected distances from two

fixed pints, the foci, is always equal to a constant. -

Using two electronic transmitting stations, a Master (M)

and a Secondary (S), a hyperbolic grid of equal distance differ-
ences may be drawn as in Figure 2-A-1. Adding another secondary
station will give a grid és in Figure 2-A-2., 1In LORAN-C chains,
each master is grouped with th or more secondary stations, each
with un{que coding delays to allow receivers to distinguish

between 5tations.

. Beaometric limitations inherent in this hyperbolic navigation
system affect both coverage and fix position quality. These
limitations may be }esolved‘to two variables: crossing angle
and gradient,

By observing Figure 2-A-2, it becomes evident that the

14
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FIGURE 2-A-1

TWO-STATION HYPERBOLIC GRID
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FIGURE 2-A-2
THREE-STATION HYPERBOLIC GRID
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cfossing angle between the two lines of position (LOPS) varies

greatiy within the service area. A drawing of the locus of points

corresponding to where the croséing angles are 300, 450; aﬁd 9b°

;- ~ is shown in Figure 2-A-3,

FIGURE 2-A-3 :
LOCI OF CROSSING ANGLES

Y

The uncertainty of the fix position associated with the cross~
ing angles is evident when the respective degree of precision of

the LOP is drawn in as in Figure 2-A-4. The position of the
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LOP 1

FIGURE 2-A-4
~ AREA OF A FIX

observer can be énywhere within the enclosed paralellogram. The
enclosed area is:
| Area = (2%;) (2X,) csc §  (Ref.2.)
As.the Sngle (¢) decreases, the cosecant function increases as
shown in Figure 2-A-5. |If the crqssinqﬁgngle is kept greater than
30%,; the multiplier is less than two. l# the angle drops much less
than 300, the area of the parallelogram will become very large.

The second geometric limitation is the magnitﬁde of the
gradient of eadh set of hyperbolic lines. This magnitude gives a

P

relation of distance (feet) to time difference (micreseconds). As
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2 ('8 Y

300 600 900 120° 150° .180°

F1GURE .2-A-5 .
COSECANT FUNCTION |
the magnitude Increases the real distance between one microsecond
time differences increases. The magnitude of the gradient is
approximately given by: g | .
/G/ = 491.62 csc 1/2 ¥ (ftiysec) (Ref. 2.)
where ¥ is the angle, measured at theyoyserver's position between
the’ great circle dirgctions to the master and secondary ;tations.
The, minimum is encountered along the baseline between the master

-and secondary stations and has a value of 491.62 ft/ysec. The

values increase as the observer's distance from the baseline }n-

creases.
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The effect of the gradient, in feét per microsgcond, upon
fix accuracy is found by changing the standard deviation of the'
LOP, in ﬁicroseconds, to distances, in féet. _Assuming that the j
standard deviation for both LOPs is 0.1 microsecond, the actual
width of the uncertainty expressed in feet (found by multiplying
the gradient by the standard deviation), qauld range from 46 feet
to 200 feettwithin the coverage area.

A third, non-geometric; limitation to LORAN-C use is the
strength of the signal transmitted with_respect to the background

noise, the signal to noise ratio (SNR). As the distance from the

transmitting station ?pcreases, the SNR decreases to the point

where a receiver cannot distinguish between the background noise
and the Loran signals. The effective range of the system is then
limited by the SNR. )

Combining éhe three limitations given above, crossing angles{
gradients and SNR,. a coverage area or useable area for the chain is
establ ished. Foé'the given triad, the covérage area is shown in
Figure 2-A-6. - ‘

When describing the accuracy of the fix, three methods are
commbnly referred to: the probable pafallelogram, the probable
eliipse and circular error probable. .

The probable parallelogram is defined as one for which the
probabllity of the position being within the bounds 'is equal to
fifty percent. The probaSility of the parallelogram with 1.0

standard deviations is 46.6%. In.order to achieve the probable

parallelogram, each side must be increased to 1.05 times the width
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2. NORTHSTAR 6000

The team used two Northstar 6000 LORAN-C receivers, eéch

3
[ Y

connected to separate 12-foot fiberglass whip antennas. This .
receiyef has many useful functions for underwater searches, inclod-
inglmemory, Iatituae, longitude,lcourse, Speed,.steer a iiﬁe, steer
a point, time to go and SNR displays. AII of these functions were
used during the preparations and the actual search.

During normal operation, the receiver will display two time
differences continuously and traék up to five secondarx stations.
Another function normally used is displayed latitude and longitude
in increments of dégreés, minutes, tenths and hundredths of a
minute, By changing:the function to SNR,'the SNR of the entered
TD wiil be displayed. .This is‘an advantage over most receivers
that will only give a warning if the SNR is too low. It Is useful
in evaluation of the signal strength and reliabilfty. Angther
change and the average course and speed over the last three minutes
will be'displayed. This is the speed made good and the course over
ground.

By making another swit;h cﬂange,‘the receiver will memorize
all 6f.the above except the SNRs for retrieval at another time.

The signals are still being trécked,,pgt'not displayed. ‘This
function was used for ease in redording data when a sonar contact
was made. The data could be recorded in an organized manner in-
. stead of franticélly writing down TDs before they changed.

Two other functions were useful .in the search phasé of the

mission:- steer line (STL) and steer computed line (SCL). The
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steer line is a function to follow»é particula} Loran line. The
procedure to use for this search method is to steer to the desired
Loran line and then change'té the function. The display will give
errors to the right or left of track in one-tenth of a microéecon&
increments. The displéy is shown in Figure 2-A-8. |t istvery use-

ful when the .tracklines are parallel to a set of Loran lines. An

e————
~

Left of Track : _ Right of Track
0.4 Microseconds 0.1 Microseconds

On Course

FIGURE 2-A-8
DISPLAY OF STL FUNCTION
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additional feature of this_function is the reverse (STLR) mode to
give a realistic picture of the direction of swing, if_the LOPs.
increase to the right of track instead of left.

A similar function to STL is the Steer Computed Line (SCL)
This gives the same readout as above, except that the destination
is entered as Loran coordinates and the line to steer is between
the destination point and the ship's position at the time the point
is entered. The coordinates are entered by switching to the Enter
Computed Line function and stepping thejfiashing digits up or down
with the toggle switch, This function was used to return to targets
for a second Iook.- |

The reverse'moeel(SCLR) setves the same purpose as STLR, a
realistic picture. However, two lines are now being used, The
procedure for deciding whether to use SCL or SCLR is to take.the
LORAN-C chart of the operating area and place the LOPs with- the
smallest time dafference increasing from bottom to top of the chart.
Next, look at the other set of LOPs. If they increase from left to
right, use SCLR and if they increase from right to left, use SCL.
An example of SCL is given inj}igdte 2-A=9,

One last function of the Northstar 6000 is the Time To Go
setting. 'This is used in conjunction with SCL or SCLR. It takes
the distance to go and the average speed, and dieplays the time to
go until the point is reached. The display is in hours, minutes
and tenths of minutes. When the observer is within one microsecond
of the destination, the display will change from the time to Yclose

and when the distance is less three-tenths of a microsecond, it will
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1230V

FIGURE 2-A-9

LORAN-C CHART FOR SCL
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change again to “arrive." This function was found to be very accu-
rate in returning to a target on the ocgaé floor. -

During the search phase at Brown's Bank, the receiver was set
to the Northeast United States Chain‘(9960 GR1) with the master
station in Seneca, N. Y., and secondary stations in Caribou, Me.(w),
Nantucket, Mass. (x), Carolina Beach, N. C. (y), and Dana, In. (z).

in this afea;bthe gradients for each were:

Mw ' 934 (ftjusec)
| ﬁx " 2384

My ° 1365

Mz 7907

The crossing angles and CEP for each pair are:

‘Crossing Angle CEP

Mw Mx 1s° 262 (feet).
Mw My 53 158
Mw Mz 35 93k
Mx My .9 1163
Mx Mz T - 3855
My Mz 18 | 1802

r

From this data, it can be seen thét the two best ‘lines were
Caribou, Me. (w) and Carolina Beach, N. C. (y) because of their
. having the smallest grqdignts, the smallest CEP, and the greatest
crossing angles. The signal strengthAof both were found to be

adequate. At night, the Carolina Beach SNR dropped, but not enough
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to warrant changing to another secondary I.staticn for the prima-ry
data.’

Overall, the system worked very well both in Fisher's Is!anq
Sound and at Brcyn's Bank. The repeatable accuracy and the ability
to memorize and return to a point, made this receiver very useful

in this underwater search.
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3. EPSCO c-PLOT

The purpose of this sectlon Is to |nvest|gate the EPSCO c-
PLOT and EPSCO C- =PLOT 2 LORAN~ C position plotters. The theory
behind each plotter, the capabilities of the plotters, and the
differences between the plotters shall be dlscussed

The EPSCO C-PLOT is an X-Y plotter By assuming that LORAN
lfne; are straight in lieu of being hyperbolic the machine is able'
to employ two trahsforms that convert time differences in LORAN
lines into actual North/South and East/West movement,

The'followiﬂg equations define the transformations used by

i
\l.

the plotter: “

O east/west = H [SEC 8] ATD, + HC[SEC A] ATo,

A north/south = vc[sec 8] A To, + ve[sec A] A Dg
where:

A east/west = pen movement left and right

A north/south = pen movement up and down

; HC[SEC A] and HC[SEC B] are coefficients defining east/west

(horizontal) movement ;

VC[SEﬂ A] and VC[}ﬁC a]‘are coefficients defining north/
south (vertical) movement

ZS‘TDB = change in time différeﬁ&e-%or'secondary B -

ZXTDA = change in time difference for secondary A

In order to accomplish this task information such as time
differences of the LORAN lines at the initialization point, scale
of the chart, and slope of the LORAN 1ines must be entered into the

machine manually,
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The assumptfdn.that the LORAN lines are straight produces a
negligibhle error on small area charts, that is, if the coeffiéients
chosen are.computed as per the C-PLOT operating instfuctions rather
than using EPSCO LORAN-C Position Plotter Coefficiént Tables. }he.
plotter tables are compiléd with the concept of producing no
greater than a teﬁ peréent distortion on large afea cﬁarts; and
- are therefore best suited for that purpose. It is more accurate,
for a small area chart, to have the coefficientg calculated from
a LORAN-C chart. |

The accuracy of éach plot made by the plotter should be
checked b? compa?fné the azimuths drawn by the machine to the 1list~
ing of EEE-10, the program used to plot LORAN-C lines on nautical
charts; This procedure is imperative to insure accurate mapping.

The plotter feceives Loran signals from the réceiver and
- plots the actual course over the éround on the chart. The actual
Mercator cha}t projection may be distorted due to the "straight
11ne'' assumption, but the repeatability of the machine is excellent.
In other words, if.the machjpe draws the plot on the chart driving
through a buoy when in fact the vessel passed 100 yards off the
buoy, by turning around and driving the ship so as to again drive
the plot through the buoy, the veéseTfSﬁéuld again pass 100 Qards
off the buoy.

The plotter is equipped with two filters that help to '"‘weed
out' poor LORAN s}gnals that mighf occur due to peculiar enyifon-
mental or atmospheric conditions. The velocity filter inst}ucts

the plotter to ignore any inputs that indicate the vessel is
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travelling at a speed in excess of 50 knqté. The running averaging
filter uses the last 10 readings to constfuct the plot. The aver-
aging filter causes a small delay in the plot position and may"
provide an inaccurate plot whan.turnfng. These filters may be
engaged at any time so it is fécommended that they only be used
when conditions dictate (i.e., when obvious discrepaﬁcies appear on
the plot). |

The newer model, the EPSCO C-Plot 2 provides a more geographi-
;a1ly accurate plot as well as maintaining the excellent repeata=-
hility of the EPSCO C-Plot. This plotter need not be interfaced
with as technicélly ;pphisticated a receiver as the Northstar 6000,
for it provides the s;ﬁg information as that receiver.

The plotter not only presents the graphics of the C-Plot, but
hay also be commanded tﬁ_display the following on a digftal read—-
out:

1. Time differences of LORAN lines.

2. Latitude-IOngifude of the present position.

3. Bearing to a destination with respect to true North.

. Distance to a destination in Nautical miles.

Tﬁere are a few other benefits that go along with this plotter.
The first is that no initial linear_approximation for the LORAN
lines is needed. This means thaﬁ no céé%ficients for the slope of
the LORAN lines need be computed. Also the machine can be ini-
tialized by entering a latitude and longitude rather than LORAN
line time diffefences. Anather improvement is the ability of- the

plotter to store in its memory up to nine destination points for
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the use of functions 3 and 4 listed above. An important'aspect of

the C-Plot 2 is that it plots the actua!'hyperbolié LORAN lines .
! rather than straight line approximations. This is a great aid in

geogréphical accuracy. ‘ o

The C-Plot 2 has the_same filters as the C-Plot Position
P]otter.(with the exception that the running averaging filter uses
eight readings for a plot versus the ten used by the C-Plot) and
should be similérly employed,

The C-Plot 2 was not used on this e*pedition as it arrived
much éoo late. - The machine was introduced just minutes before the
searchvteam departéﬂ. It was not used since its capabilities had
not been fully investfgated.

It is recommended that the C-Plot 2 interfaced with the
Northstar 6000 be used for future searches. The reasons for retain-
iﬁg the Northstar 6000 are its abilities to simultaneously track
fiQe LORAN lines and to memorize all the LORAN lines and latitude

and longitude at any Instant of time.

N
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B. SIDE SCAN SONAR

The instrument used to actually search the bottom was the .
EGEG Side Scan Sonar System, Fhe system produces records of the
topographic and geologic features of the bottom of a body of water.
It does so by transmitting short bursts of high-frequency sound
in fan-shaped beams to each side of the towing‘vessel. The echoes
that occur when the sound pulses strike objects are processed and
grapﬁically recorded to produce a continuous acoustic picture of
the sea floor. Deggils of the system's component§ and method of
operation not conta{ﬁqd In this report may be fouﬁd in the instruc-
tion manual.

The sfde scan sonar equipment carried by the search team
included the following parts supplied by the Coast Guard Research
. and Development Center: Recorder Model 259;3, Safe-T-Link Tow Fish
Model 272, 50 Meter Shallow Tow Cable, 150 Meter Deep Tow Cable
with Adapter Cord, Towing Dgfresser, paper for the recorder, and B
extra parts. In addition, Dr, Edgertqn and Prof. Miller brought
with them a recorder and tow fish (same models as above), 50 meter
cable, and AC power supply. The tgamwprought eight 12 volt marine

" batteries and a charger for Its power source.
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1. RECORDER

The side scan sonar recorder, which runs on a 24-30 volt
source, is housed in a light&eight, fiberglass carrying case. Téis
case contains the major portion of the system electronics, the -
graphic readout device, all controls and indicators, and an input

power cable (Fligure 5SS1).

2. TOW “'"F|SH"

The tow fish (Figure SSS2), connected to the recorde; by a
cable of'fhree optional lengths (50M, 150M, 600M), contains two
sets of transduceré;zthe transducer drivér ;pd preahﬁliflers for
received’signals. Fél]away,tail fins minimize the possibility of
snagging the fish on an obstruction. The safe-t-link feature
allows the fish to disengage itself from an obstruction by dis-
connecting the power cable and shifting the point of tow. - The
fish can theoretically be launched and retrieved by one person,
but at least two were always used for safety reasons.

To produce the sonogragh,'the recorder uses dual helix
electrodes which sweep out from the center of the recording drum
(Figure $553). The port and starboard recelved signals are ampli-
fied and ultimately applied to the'portfaﬁd starboard helices of
the graphic printer as a varying current. This current passes
through the specially treated paper to the printer blade to ground.
As the current pa;ses through the paper, iren ifons are formed on
the paper producing marks of varied intensfty (in proportion to
the strength ofAthe received signal) forming a graphic representa-

tion of the ocean floor.
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Figure SSS1. Mode! 259-3 Recorder
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i APPENDIX TO FIGURE SSS1

SIDE SCAN SONARGRAPH INTERPRETATION FOR USCGC BEAR

Length = 60.5 m TERMS

124 r-u.._...-,'.‘vg-m mrr——

Beam = 9.1 m Hy = height of object

ql Depth = 6,3.m ' Hf = height of fish _. ©T X
G' Scanning Range = 200 m Rs = range Of ObjeCt . 3

Fish Height = 20 m Lg = length of shadow

i
-
———

length of outiine

Position #1 1 ‘ i

RS = 50 m . ' '
50m |0Om . \ﬁam 100m :

Lg=23m 0
¥ 2 W =9.1m

L, = 20.2m

4 R =100

. aniwn e e

Ls = 46 m

Wo = 9.1 m

Lo = 20.2 m

f eg=150m '
?Ei - Lg=63m
4+ Ly = 20.2m

Sieh 10 A

i
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SONARGRAPH INTERPRETATION

Position #2 & % '
Rg = 50 m
LS = L .7 m S 3 3 -

Wo=6.3m
ilg=220.2 m

200

Rg = 100 m
Ly = 83.5 m
Wy = 6.3 m
Lo =20.2m

Rg = 150 m

¥ . Lg=125.2m
f ’“ W, =6.3m

: Lo = 20.2 m

Posltlon #3 ! W

=50m -
=23 m 5o 1gom 1% 200,
Wo = 60.5 m ' '
P lo=3m m
Rg = 100 m '
Lg = b6 m
Wo = 60.5 m

Lon3m

’

Rg.= 150 m
Lg =69 m

Wo==60.5m
lo=3m

.-




=50m
L =41.7m
Wo = 60.5m
lo=2.1m
Rs = ‘00 m
Lg =83.5m
o = 60.5 m
'Lo = 2.] m
= 150 m
Ls = 125.2 m
Wy = 60.5 m
Lo =2.1m

Position #S l

Rg = 50 m
Lg =23 m
Wo = 42.8 m
Lo =14.3m

Rg = 100 m
Ls = 46 m
Wo = 42.8m
lo = 14.3 m-

Rg = 150 m
L =69 m
Wo = 42.8m
Lo =14.3m

SONARGRAPH INTERPRETATION

Position #li a m IE —

S0n :oon
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SONABGRAPH INTERPRETATION

OBSERVATIONS AND COMMENTS

l; fhese picfures are extremes only (except #5)--anything in
between is possible.

2. Distance of object from fish affects length of shadow.

3. Height of object above ground affects length of sﬁadow and
width of outline.

L, ‘Length of object affects length of outline.

5. -Speed of ship affects length of outline.

6. In a}l cases, the sﬁzp was assumed to be lying flat on the
ground and not covered b;nthe ground, -

7. These pictures do not take various ground contours into

account.
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Figure S553. Model 259-3 Recorder, .
(Top Cover Raised) .
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3. ANALYSIS OF THE TRACE

In order to interpret the various sonograph appearances
correctly one must be aware of the factors that can cause changes
in the tone or intensity of the recording paper. The darkness of
the paper is influenced by two main sources: 1) the electrical
source, controlled by adjusting the generé] and/or time varied
gain; and 2) incoming signals. The incoming signals can be classi-

fied into two types. One type is caused by material properties

depending on the reflectivity of the various materials on the sea-
bed. Rock and gravel are better reflectors than sand and will
therefore record darker; sénd in turn is a better reflector than
mud., As ihe grain size decréé;es, the acoustic reflectivity in-
creases. The other type of incoming signal is caused by topographic
features., Slopes faﬁing the transducers are better reflectors than
surfaces lying oblique to the sound beam and will consequently plot
darkef.

Sonographs do not normally represent isometric maps of the
seabed, therefore various distorting‘féctors have to be considered
when trying to interpret images on the graph."An obvious distor-
tion will occur parallel to the line of travel due to variable ship
speeds which result in a compression of all sﬁhdg}aphs in this
direction (the faster the ship's speed, the more compressed the
grapﬁ will be). Another aspect connected with the compressional
effect Is the distortion of all linear displays. A true angle of
h5° off the line of travel at 2 knots, for example, reads in fact

63° at 5 knots and.74° at 9 knots. The height of the fish above

Q
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the seabed causes a lateral distortion peypendicuiar to the line
of travel. Range distance and true distance coincide onl& on a
line horizontally abeam of the fish. Since thé fish has to be
towed a c;rtain distance above the seabed, a certain amount of the
recording paper is lost to the depth profile which plots at its
respective range distance. The true distance therefore has to be
fitted into the remaining part of the paper. The higher the fish
is towed above the seabed, the more paper is lost for actual
recordins, and the smaller the perpendiculér distance covered by
each sweep of the fish. Furthermore, due to the oblique quality
of the sonar beam, equal true distance intervals will not follow

a linear scale. The short-rangé intervals are compressed and the-
long-range intervals are slightly stretched. Consequent to the
various distortions, an object on the seabed (or the seabed itself)
will not necessa}ily appear on the sonograph shaped as it is in
true life, |

Using distortion corrections and calculations from the sonar
booklets provided to the team by Dr. Edgerton, and assuming a ship's
speed of 6 knots and selected beém réﬁgé of'ZOO meters, the team
attempted to approximate the size of the BEAR's image on the sono-
graph. The results can be seen In Appendix S§SSI. . -

At the -end of the first week of the summer program, the team
took the recorder, 50 meter cable, énd fish for a trial run in
Fisher's Island Sound on oné of the Academy's T-boats. There the
team searched for and found a car and an airplane, both previously

sunk to test the sonar. The fish was towed only 5 feet below the
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the surface of the water, due to the shallowness;of the Sound tZO-
50 feet). Because of the small search area, the range scale could
be set on 100 meters, 50 meters once the object was located. While
this did help the team become accustomed to working with the sonar,
it gave a false sense of sonograph interpretation since a larger
range scale (200-250 meters) would be used for the actual search
and the fish would be much farther away from the bottom. The T-boat
made several passes over the airplane from different angles, and
the tea& discovered how different an objecf can look just by pass-
ing over it in a different way. Sometimes the image was very sharp
and other times barely distinguishable. This served as an example
and a warning for the actual search,.

The next time the sonar waé used was aboard the USCGC CONIFER
enroute to the search area. The teém attached the deep tow cable,
which seemed to be working well, but were unable to get a sonograph
of the bottom due to the depth being greater than one thousand feet.
All of the equipment seemed to work fine when it was originally
tested, but when it was set up for thf actual search there were
some problems at first. The problems,.whlch were eventually cor-
rected, included: a faulty triggering wire in the long cable, water
trapped in thé fish-to-cable connection, and malaﬁjustment in the
recorder. ’ |

When the equipment was finally working and ready for the search,
the recorder was set as would be best suited for the type of search
the team was conducting. The sonar system used provides the

operator with two separate recording modes of operation, survey and

.3 e g crm s st 3% 7 g
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search, the choice'of which is determined by the primary mission
objective. The search mode produces records which highlight
irregular objects and sharply defined bottom anomalies. Since back~
ground information is de-emphasized in this mode, small objects
whlch might otherwise be obscured become more readily identifiable.
The survey mode places record emphasis on the more subtle variations
and features of the ocean floor itself. Altﬁougﬁ, like the search
mode, it detect§ and displays anomalous objects, they are recorded

without highlighting, in their normal background environment.
Although less dramatic in appearance, the records produced by the
;urvey mode provide extrem;{y high definition. Information content
is suitable for detailed reca;d interpretation, such as identifjca-
tion of sediment types and~shadées of large objects. Considering
the size of the BEAR, the team chose the survey mode, figuring that
the ghqdow would be as helpful for identification as the image itself.
The recorder has six range scales which are switch selectable
from the front panel. Range scales aie as follows: 50,100, 125,
200, 250, and 500 meters per channel, giving total coverage for both
channels from 100 to 1000 meters. Thé%range setting to be used
erends on the nature of the/mission. A larger range scale will
cover more are, but the image of the object willmbe smaller and more
distorted on, the sonograph. The team had originaily chosen the 200
meter range,‘however, due to the fish helght above the bottom being
greater than anticipated, finally settled for 250 meters (which
actually gave 300 meters on Dr. Edgerton's recorder due to his use

of an AC power sourcéf, With a range scale smaller than 250 meters

SeT——————— s e o
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it would have taken much longer to cover the search area, greater
than 250 would haye made the ship much-harder to detect. ‘Fo; a
search' much deeper than- 50 fathoms, any scale ]owe‘r than 500 meters
would have put the ocean bottom off the sﬁnograph (given the maxi--
mum length of.cable available at the time).

There are three paper speeds of 100, 150, or 200 linés/inch.
This Is an internal adjustment not reédily available on the front
panel by design to eliminate the hazard of an operator indiscrim-
-.inate1y changing paper speed in the middle of an operation and
invalidating any meaningful measurement on the record in the direc-
tion of the ship's travelll The recorder is factory set at 150 lines/
inch, which was the speed o;i;he paper for the BEAR search. However,
the team did not use this information, but instead measured dis- .
tance in the direction of the ship by measuring a minute interval
with event marks. All that is then necessary for distance measure-
ment is the ship's speed.

The tow fish transducer assemblies are mounted such that by
removing ten screws, the port and starbgard assemblies can be pulled
out to exchange one assembly for the other to alter the vertical
beam depression angle from the horizontal from 10° to 20°. By
changing the electrical hook-up, the vertical Eeam width can be
changed frog 20°-50°, For surveying in shallowlﬁater (up to about
100 feet) where the fish must be close to both surface and bottom,

a 10° beam depression with-a 20° vertical beam width is normally

used to obtain good coverage at both near and far range. For survey;

ing in deep water (géneraliy 200 feet or more), a 20° beam
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depression and a 50° vertical beam angle provide better near and
far range coverage, which is what the team used for this search.

The general gain control intensifies all incoming signals
evénly across the paper. It is best to keep the gain at an inter-
mediate shade of darknesé, such that both images and shadows would .
be readily apparent on the sonograph.

: In order to keep an accurate account of the sonograph, an
automatic five-minute event mark, supplied by Dr. Edgerton, was
used and the time was marked on the graph with a felt marker. The
event mark can be used manually at any desired time interval, how-
ever, the automatic marker is more accurate. Any necessary markings
on the graph should be donelwith a felt tip marker, as this will
not tear the paper. Marks shé@ld not be aljowed to cover any
portion of the graph which displays the bottom.

Optimum towing height off the bottom depends on bottom
conditions and the goal%}of the mission. The tow fish is usually .
towed at a distance above the sea floor equal to 10-20 percent of
the range scale in use, however, the actual working depth of the
fish is controlled by the length of Eﬁe cable deployed, vessel
towing speed, and vessel course (shafp turns cause the fish to go
deeper). With the entire length of the longest cable deployed
(150 meters), the fish was still 80 meters above the bottom for
most of th; search, whereas 25-50 meters would have been better for
the range selection used Py the team. The depresser, which was not
used, would have added about. ten meters of depth, but would have

developed 450 1bs of force, which could pull someone overboard,

PR —
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All things considered, the side scan sonar was an excel lent

choice of instruments for this search. .However, when using the

sonar, its capabilities and limitations must always be kept in mind.

»
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C. OPTIONAL EQUIPMENT

1. PRECISION FATHOMETER

In order to get an accurate account of the ocean depth, the
team took along the Raytheon DE-71§-RTT portable, precision,
survey-type fathometer depth recorder, which is a complete echo
depth sounder desiéned to provide a detailgd permanent recording
of underwater topography in depths up to 410 feet. Ease of set-up
and operation, plus the extreme accuracy and low power consumption
makes this an ideal instéqment for underwater surveying. It was
hoped that in addition to éiying an accurate depth recording, the
fathometer would show if the ship fraveled directly over the BEAR.
However, the team did not make much use of this Instrument since
the search ship had its own fathdmeter, whfch was connected to
the keel thereby eliminating bias due to roll,

)

~'

2. V/W TELEVISION

The underwater televlsion/stil} camera combination consists
of a steel cage with an underwater low light ‘television camera,
an incandescent light, a still camera and a strobe light. The
whole assembly is lowered by a one-half ihch*hylén line. The
television picfure and the signals to turn on the light, fire the
strobe and release the camera shutter are sent via a water proof
cable. The television C;mera output is then hooked up to a monitor
which cen also be.booked up to a video tape recorder as well.

The purpose of the underwater television camera is to provide

eyes for the surface observers. The camera can be lcwered down on
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a target and one can see what is really there. The still camera

and strobe give a permanent record of what is seen on the tele~

vision monitor.

3. PRECISION SONAR
The radial arm sonar consists of a sonar transducer mounted
on a pole that rotates and has a magnetic compass on it to indi-

.

cate the'direction the pole is pointing. This sonar is used to
pinpoint the exact location of the contact so that the camera can
be sent down. This sonar can easily be used in a small boat and
has the advantage of being!highly mobile. With this sonar the

small boat can be driven directly over the underwater contact.
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D. BUOY SYSTEM

The intended purpose of the buoy system used in the under-
water search MAP s to place a visible, stationary mark on the
ocean surface to identify the location of an undérwater contact
found by the side scan sonar unit. These buoys had to be easy to
deploy and highly visible while being as simple in construction
as.possible. These buoys were intended to stay on station for a

period of not less than seven days.

‘\

1. DESIGN ‘ "

The design of the buay system was derived from previously
produced models and suggestions by lnstruﬁtors. Parts of the buoy
é?ftem had been purchased before the design process was complete,
and a2 major task was integrating the materials on hand with the
design of the buoy. .

The basic buoy system consists of the following main compon-
ents: a buoy with a counter weight, radar reflector and retriever
float, nylon line, a small styrofoém float,'é short scope of chain,
and a concrete sinker.

The main part of the buoy is a pol&me?uéoéted core of styro-
foam with a tubular metal shaft running the length of the major
axis of the buoy. The foam core consists of two hemispheres con-
nected by a cylinder of styrofoam. The bolymer coating is tough, .
abrasion resistant and international orange in color. This com-

bination yields a sturdy, highly visible watertight structure giving

m——— e
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the buoy durability and strength.

The buoy was thé first part of the system purchased, and the
rest of the design followed this. The radar feflector is used to
increase the visibility of the buoy, both visually and on radar.
The counter weight functions to keep the buoy as vertical in the
water as possible, by counteracting the wind moments on the buoy
and radar reflector,-as well as the force exerted on the buoy by
the_liﬁe and sinker. The retriever float is used to bring the
buoy aboard when it is retrieved.

The radar reflector 'and the counter weight are both mounted
away from the center of érgvity of the buoy on a ten foot section
of electrical conduit running through the buoy along its major

axis, increasing the visibility of the radar reflector and giving

" the counter weight a greater righting moment,

Nylon“line was used due to its high strength to weight ratio

which allows a small diameter line to have a high breaking strength.

This combination yields a strong line with reduced drag.

The small styrofoam float is used to add buoyancy to the
Iiné andAprevent tangling upon bggtom featurés.

The short scope of chain is used to take the strain of the

sinker as it is ready to be dropped. The sinker is placed over

the side 'with the chain in a pelican hook.

The sinker 1is used to keep the buoy on station at all times.

. .
. . H
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2. CONSTRUCTION

The buoy assembly cqnsisés of the purchased buoy, a ten foot
section of electrical conduit, one or two radar reflectors, one
1/2* x 4" eyebolt, two 3/8'" x " bolts and nuts and a small cinder
block, The radar reflector is tied to the conduit through two
holes drilled in the conduit. The conduit is attached to the buoy
by a 3/8" x W' bolt at the top of the buoy's tubular shaft. The
buoy is attached to the conduit at a point 23 inches from its base,
with a 1/2“ x W eyebolt through the conduit and a tubular shaft.
The counter weight is attached to the conduit by a 3/8" Iyt bolt
and a loop of nylon line around the bolt. The other end of this
line is tied to the cinder block weight.

The nylon line, a L0oo* length of 1/2 inch or 1/h inch line,
has a snap hook and swivel on the end that attaches to_the eye-
bolt of the buoy, and a thimble spliced into the sinker end, .
smaller lengths of line (100' + 50' lengths) with snap hooks in
one end and thimbles in the other end can be clipped in easily to
lengthen the scope of Iige. The base length of L0O' was deter-
mined on the basis of a 300 foot wo;king kepth with a slow,
approximately 032 knot, current profile. The nylon'line is attached
to the chain with a screw pin shackle. ‘The-chain, approximately
eight feét in length, is attached to the concrete block with a
screw pin shackle. The concrete sinkers are various éhapes and
weigh between 300 and 600 Ibs. There is a metal hook imbedded in
the concrete to attach the chain to.

The small styrofoam float is attached to the line

RTA SRSBTT
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’

épproximately 200 feet from the fotiom by means of a five foot |
length of nylon line tied through the float and the braid of the
buoy line. To aid in recovery a 2' x 4' x 6' block of wood painted ]

bright orange with an eighteen foot length of 1/2 inch nylon line

attached to the block and the eyebolt on the buoy.

3. ACTUAL PERFORMANCE

The actual performance of this buoy system was véry good.
Thé deployment of the buoy was simple and fast. The déployment of
the buoy was simple and fast. The deployment procedure is as
follﬁws: éreliminéry steps: hang the sinker over the side of>
the ship; put the sinker éhain in a quick release pelican hook to
take up the strain; hook a Iength of line to the chain (it helps
to have the line faked out In a small cardboard or wooden box so
that it will run free, and it is not on the deck to get tangled);
hook the other end of the line to the‘buoy; have the buoy all
rigged out with the radar reflector, counter weight and retriever
float. Final steps: when the command to let go 2 buoy is given,
trip the quick release pelican hé:k and watch the line play out.
When most of}the line has gone out, pick the completed buoy up,
and lower it7into the water. Deployment Is.gomplete. The retriever
float is used so that a line attached to the buoy can be easily
picked up by the ship to speed recovery operations.

It is possible to have two or more buoys ready to be deployed
at a moment's neticé. The one buoy that was deployed functioned '

quite well. It rode in the water in a near vertical position and
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was visible on the ship's radar most ;f the time. This was
importanf as the predominant weather condition during the search
was fog. According to the LORAN-C, the buoy remained on station

the six day duration of the trip.

L. A COMPUTER MODEL OF BUOY SYSTEM
a. Introduction ’

This simplified computer model was developed to evalu~-
ate (theoretically) the buoy-mooring system for the marker buoys
to be used on the "Find the BEAR'" project. The analysis is an
ipteractivé converging s&iytiqn of the interdependent vertical and
horizontai forces on the bJ;y.

b. Methodology

The analysis initially assumes a draft of the hull and
from this computes the buoy's horizontal drag. ‘The cable drag is_
computed and added to the buoy drag to give the cumulative hori-
zontal component of tension at the sinker. The vertical component
of tension at the sinker is resolveq;from the horizontal component
of tension and the scope (for a straight (téup) mooring line
approximation). This vertical component is summed with the cable
weight and the buoy weight to compute the buqxant force required
to counteract the cumulative downward forces. .Finaily, a new draft
is computed from the buoyant force required and is refnserted into
the assuméd initial draft for subsequent iterations until conver~
gence is attained. By this analysis meﬁhod, the draft, horizontal
and vertical components of mooring 1ine tension, and the resultant

mooring line tension can be calculated as functions of the buoy
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size and weight, ‘water depth, mooring line size and weight, moor%ng
scope, and current velocity.

e Assumptions

In order to simplify calculations, these assumptions
were made:

1. That the effect of wind is negligible.

2. A uniform velocity &urrent profile exists.

3. That the sinker is fixe& to the bottom.

L. That the analysis is limited to a two dimensional
analysis of coplanar forces.

5. That the;buoy maintains an upright orientation
under all conditions.

6. That the buoy remains in a vertical orientation.

7. Wave making resistance is neglected.

8. That the effect of waves is negligible. -

9. The negative lift of the cable is negligible.
d. Approximations ;
The following approximations were used in the model:
1. The drag on the cable is considered only in the
direction of current flow and not along the cable.
2. The coefficlent of drag ?or*tﬁe.cable is 1.2'or
3.0 for a strumming cable.
3. The coefficient of drag for the buoy is 2.0.
L. The coefficient of 1ift for the buoy is 0.0,

5. The center of gravity of the mooring cable is 0.75

the horizontal excursion.
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e. Analysis

The analysis of the system shown in Figure 1 is based

on the following fundamentals:

1. The sum of the vertical forces on the system must

be zero.

2. The sum of the horizontal force$ on the system

must be zero.

3. - The relationship between the vertical and horizon-
tal comﬁonents of mooring cable tension is dependent on the mooring
o configuration.
vi 7 : The vertiéh1 forces ;cting within the system are
» briefly described:

Buoy weight (Bwt): independent variable

Buoy buoyancy (Bync): dependent variable

Buoyancy is equal to the weight of the water dis-

placed by the buoy which is a function of buoy
draft (Dft).

Cable weight (Cwt):” independent variable

Sinker vertical forcé (Tvs): “The vertical component

FRCRT STOR PR BT -N (o4
s i Y A T el {2 g

of mooring cable tension at the sinker.

Since the sum of all vertical forces within the system

_gﬁa must be zero, the following equation can be developed from

'i: Figure 1:

'éﬂ : Tvs = Byne = Cut - Bt (1)
k: The_horizontal forces acting within the system are
i briefly described below:
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Buoy drag (Db): dependent variable

Buoy drag is determined from the basic drag equation:

D, ='1_-_Pcdb Pha Ver? - @)
where: |
p = dens.fty of water
‘Vel = current velocity
Pba = projected area of the below water portion of the

buoy and is dependent on Bﬁoy draft (dft).
Cab = coeffiéient of buoy drag
Cable Drag: dependent variable
Cable drag is-also determined from the basic drag
equation and is dependent oﬁ'three of the input parameters (Current
velocity (VEL)), water depth tDpth) and cable diameter (Dia).
! 2
Dec =7 pCdb Pea Vel _ €3)
where: ’
P.a = Projected are of the cable which is the product
of the water depth and cable diameter.

Cyc = coefficient of cable drag

Sinker horizontal force (Ths): The horizontal component of moor-
ing cable tension at the sinker.
THS = Dy + D_ - . (4)
The relationship between the vertical and horizontal

components of mooring cable tension is dependent on the mooring

configuration.

IMsinker = 0 % (X Typ) - (Opth = Dp) = Dpen D/2) - f% X Cwt) (5)

e e e e T
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where:
Tvb = Byru.'. - Bwt : (6)
From Equations (1), (4), and (5) the fnterdependency
of buoyancy with respect to buoy draft, and buoy drag with respect
to buoy draft can be determined. The buoy draft is a function of
the buoyancy required and effects the buoy drag which in turn
.effects the'buoyancy required. For any steady state condition
there exists a unique draft éhat will satisfy the equations.
The converging solution method was selected for deter-
mining the unique draft for each input condition. In this solu-
tion (the flow chart is shown in Figure 2) a draft is qsgumed and

a sequence of the above equations is used to determine a new est{-

mate of the draft which is closer to the unique solution. After

several lterations (about 10 depending on the accuracy of the first

assumed value) the drafts do not change, hence, the solution of

draft is reached, and the corresponding mooring tension components

can be computed.
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Flow Chart of Buoy-Mooring System Analysis

Input
Conditions

Calc. Pba
from geometry and Dft

" cale. Db
Db = Rho Cdb Pba Vel2/2

Calc. Dc
Dc = Rho Cdc Pca Vel2/2

Calc. Ths
Ths = Dc + Db

Calc. Tvb
(Equation §5)

Calc. Bync ‘
Bync = Tvb + Bwt

Calc. New Dft from
- geometry and Bync

Converge Yes

Dft Ths Tvb
Tvs Thb
Tts Ttb
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TABLE |
LIST OF VARIABLES

*Rho Density of water Ths Horizontal component of

tension at the buoy
*Bch Buoy cylinderical section

height Thb Horizontal component of
: . tension at the buoy

*Bwt  Buoy weight
Ttb Tension at the buoy
Bync Buoyancy of the buoy

. Tts Tension at the sinker
%Cdb  Coefficient of buoy drag

Tvb Vertical component of
%Cdc Coefficient of cable drag tension at the buoy

*Cl Cable length . Tvs Vertical component of

tension at the sinker
Cwt Cable weight

*Vel Current velocity
Db Drag of the buoy

vy Volume of water

Dc Drag of the cable ‘ displaced by buoy
0ft Draft of the hull Vo  Volume of water
. displaced by cable
*Dia Cable diameter
X Horizontal excursion
*Dpth- Water depth
g Acceleration of gravity o
Pba Projected area of the '
below waterline portion
of the buoy hull
- Pca Projected area of the
cable
Fb Buof freeboard
*Rds Radius of spherical
section )
Scp  Scope of mooring
*Sge Specific gravity of *Input

~cable
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APPENDIX |

CALCULATION OF BUOY BUOYANCY BUOY SHAPE

Spherical Section
with | basg

Cylinder.

Spherfcal section
with 1 base

Buoy Buoyancy:

Bync = pg Vy

l Vy, = volume of spherical section
if Dft < Rds B .

1 Vb = volume of hemisphere + volume of a cylinder
If Rds « Dft « Rds + Bch

111V, = volume of cylinder + volume of spﬁé?e -
, volume of spherical section (above surface)
If Rds + Bch « Dft <« 2 Rds + Bch

IV Vp = volume of cylinder + volume of sphere
if 0ft > 2 Rds + Bch
I.e. buoy fully submerged

6l
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APPENDIX 1-Cont'd .
Case |; if Dft<Rds Case 1l: if Rds=<Dft<Rds + Bch .
,‘?:
i
il
)|
o rit
B {
¢
r Vp = o Dgp? (Rds = 2;3) - Vp = ‘12"% + Rds3 !
k Ref: Eshbach pg. 262 : +1 Rds2(Dft - Rds)

third edition

alGaalihan
e ——

kR Case {il: if RDS + Bch Case IV: if Dft=2 Rds + Bch
T . <Dpft <2 Rds + Bch ' -
1

i '

Vp = 53-11» Rds3 + nRds? Bech Vp = % « Rds3 + 1 Rds2 Bch

-vFp (Rds - 22) .

where:
Fb = 2 Rds + Bch - Dft
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APPENDIX 11

CABLE WEIGHT

Cable weight = Cwt = Sgc " g V.

o Dial
Ve = —— Cl

Sgc eq C; T DiaZ
m

Cwt =

APPENDIX 111§
BUOY DRAG
Buoy drag = Dp 1 4? Cu P, Vel?
7 db "ba
Ppa Must be calculated for each of the four cases in Appendix 1.
Case I. A =§ (8 - sin 8) - Ref: Eshbach pg. 258.
‘Br in radians 6° Iin degrees
% = arc cos (Rds - Oft) (Rds)
. = A &o = ’
® = 18
2m arc cos (Rds - Dft)Rds

po=—awiiaie

- o——r-

180

Ppa = Rds [2"" arc cos ((Rds - th)/Rds) - sin (2 arc cos {(Rds -

th)/Rds)]

Pho = 2 RdsZ + 2 Rds (Dft - Rds)

Case lll.

Poa = 7 Rds? + 2 Rds Bch - —g—- (Té'ﬁ arc cos ((Rds = F)/Rds)

- sin (2 arc cos ((Rds - Fp)/Rds)))
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Case V.

Ppa =T Rds2 + 2 Rds Bch

1 2
De =5 PCdc Pea vel

Pca = Dpth v Dia
.1 )
Dc = .i. e Cd.c Dpth Dia Vél

.\ .
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APPENDIX 1V

CABLE DRAG
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111, EQUIPMENT DEPLOYMENT

A. SEARCH PATTERNS

1. SEARCH AREA DETERMINATION

. The first step in an undgrwater search IQ to determjne a
search area from all the available information. The last known
position Is one of the most useful pieces of Information available.
There were two last reporfed positions of the ggﬂg; one given by
the towing vessel, the IRVING BIRCH, of 41°52'N, 65°11'W, and the
other was based on the flight of a Coast Guard aircraft, L2925\,

65035'W, The two positions did not concur, but it was assumed that

- more faith could be placed in the aircraft's position. All other

information was gathered under this assumption. The captain of

the IRVING BIRCH reported the BEAR's lights going out at 2000 that
night, but due to a misunderstanding, it was assumed that the lights
went out at 2200 which added an extra two hours of leeway time to
the.computations. It was assumed that there was ten hours of drift
time and all the information was derivediusfﬁg'fhis assumption.

Two questions came up during the search which merit invgstigatfon
If this search is repeatgd. Firstly, what was the rate of sinking
and what affects did currents have, and secondly, was the IRVING
BiRCH leaving the locale of the BEAR, opening the possibility that
the BEAR's lights disappeared below the horizon and not below the

surface of the water., These questions must be answered.

€8
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Assuming that the position of 42925'N, 65935'W was correct,
a search area was outlined. The method used in setting up .the
search area was twofold. First to Be examined were the currents
and wind effects to obtain a predicted location of the BEAR.

Second, a Naval chart was used to see what wrecké had been ;harted

. in the area.' The most promising wreck was taken as the center of

the search area and, after applying compensations for error, a
créeping line search through this location was conducted.

The first item of interest that was regearched was the
currents of the search area. Four types of currents were studied
for the construction of ;.séarch area. They are tidal, wind
driven, Stokes drift, and oéean currents. The second item that
was studied was the leeway, the effect of the wind on the drift of
the vessel. ' ST

The wind driven currents were determined by a computer
program developed by Ensign Bruce Viekman, USCG, as an extension
to a program originally developéd by Pollard and Millard in 1972,
It requires as entering argumentsyihe Qind velocity and direction
for four days prior to the requested time, and the temperature
gadient from the surface to the bottom. ' The wind velocity and
direction were obtained from microfilm provided by the National
Weather Service, which gave the surface charts for the months of

January through Harch,o% 1963. The wind was estimated for the

location of interest from the closest reporting station or ship for

the days in question. The temperature gradient was found in

Government Publication #700, Atlas of the North Atlantic Ocean.
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The computer program outbuts for each hour of drift time, the north
'f . and east components of the wind driven currents along with their
resultants for each five meters of depth. The hourly displacements
were summed for the time the BEAR was adrift (see Figure 3A-). The
displacement values given In the putput were cumulative.

The velocity of the Stokes drift current is approximately one‘
to two per cent that of the wind and in the same direction. The
speed can be approximated by the wind driven current. This current
deteriorates with depth. [t is produced by the flowing of the waves;
the larger the waves, the larger the current. The speed of the
Stokes currént was appr&kimated by the wind driven current and
assumed to be in the diredﬁjon of the wind, l35°f, at a speed equal
to the wind driven current at the surface.

The tidal currents in the area are of the Rotary type; that

Is, they make a 3600 circle every twelve hours and twenty-flve

minutes. To find these currents, the tidal current roses on chart
13009, produced by the National Ocean Survey of NOAA, were used.

These current roses are designated for each hour .after maximum

flood current. They have a llné;r scale od.the chart, and the
maximum flood current 1s found for Polluck Rip Channel in the Tidal
Current Tables., These are the only pre&icf?éns of what the cur=-

rents wfll be, but these were the best available information. The

total drift vector was determined by summing the current velocities
fpé the hours the BEAR was adrift.
The ocean currents were determined from drift bottle tests.

These tests measure the ocean streams, bottom currents, and other
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forces not already mentioned., From the data 6btained, the ocean
currents were to the northwest at about five miles per day. When
computing the ;earch area two arcs wefe drawn, one including these
‘ocean currents;

The final factor considered was the wind's affect 6n the
- ship wh}le it was adrift, leeway. Initially it was assumed that
the BEAR would act as a sea drogu? because of its draught. How-~
~ ever, its masts provided a large sail area which resulted ln.leewayA
accounting for a great-amount of drift. |In order to use the drift
tables In the Search and Rescue Manual, it was assumed that the
tables applied to the BEAR and fhat the wind blew at a steady 20
Kts. for the entire time it w;s adrift. Research shows that a
vessle may drift up to 906 to either side of the direction of the
wind. The distance drifted was taken from the SAR manual, and the
wind direction was towards 135°'T. An area was then drawn by
swinging an arc 90° to either side of the wind direction. The
predicted area of the location of the BEAR was determined by
summing all the dlspiacement vestoré'from the ‘different sources of
information. There were two arcs drawn, one including the ocean
currents, and one withéut.

Baséd on the information available, the search area was too
\
large to cover in the time available. Additional information from

Naval charts Indicated two wrecks within the area in which the BEAR
was assumed to be. Due to time constraints, it was decided to

search these areas first:

——— e
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2. PROBABILITY OF DETECTION
The purpose of this section is to discuss -the probability of
detection In underwater search employing side scan sonar, and
specifically how it applies to the search for the BEAR. Probabilijty
of detection is a mathematical expression of the chance one has of
finding an object given it iIs In the search area.

The Natlonal Search and Rescue Manual, CG 308, delineates a‘

method of determining the probability of detection, but it is not

complete and may have to be modified, as will be explained later.
Three items one must consider when detefmining the probability

of detection are: the tr;;k spacing of the vessel conducting the

search, the sweep width of the vessel's sensors, and the number of

times the vessel has conducted the search in the exact same area.
The track spacing is the distance between adjacent search

-

tracks. It is a variéble that can be decreased to produce a better
probability of detection.

The sweep width is a measure of the detection capabilitles,
in yards, of the searching vessel. ”Unfortunatgly, the SAR manual
has no sweep wid;hs for underwater search coéputed. It was deter-
mined that a good approximation of the sweep ﬁi¢th for a vessel
employing'side scan sonar equipment would equal‘twice the effective
range of one transducer., This Is probably true in most instances
of recorder use in searching for a vessel as large as the BEAR,
but as lateral and/or compresslonél distortions (see section 1}.B.

on Side Scan Sonar) increase it would be safe to say that this is

no longer true.

——e
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While it is'intuitlvely obvious that as the size of the object

increases the P.0.D. increases and as the distortions increase the

P.0.D. decreases; it Is necessary to determine exactly how these.

and other items affect the sweep width, A sweep width table should

be constructed for underwgter/side scan sonar search vessels to be
used In conjunctfoﬁ with CG-308., The SAR manual states that
electronic searches are very efficient, with a large sweep width.
Relatively large track spacings can be employed and still yleld a
high piobability of detection over large geographic areas in a
ghovt period of time. .

The probability of d;iectlon tables found in the SAR manual
may be used irregardless of éﬁe type of search, given that a value
for the sweep width can be determined.

By dividing the sweep width by the track spacing, a dimen-
sionless number known as the coverage factor is obtained. By
entering the coverage factor and the number of searches done in
the exact same area and pattern into figure 8-65 bf the SAR manual
the probability of detection for that search afea is obtained.

Six different areas were explored durlné the search for the
BEAR. In all but the last search area the sweep width was calcu-
lated as previously described, the totai t}uev&fstance-recorded’
on both sld;s of the transducer fish. In the last case it was
decided to use the value of only one side due ‘to the height of the
fish and the unfortunate sloppiness of the search track followed

by the ship. This number, however, was somewhét arbitrary and méy

'in fact be wrong, but it will have to suffice due to the lack of

WIS
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knowledge on the subject.

The effective range of one transducer can be eagily'calcu]ated .

using the Pythagorean theorem. ' i

b=VC2-f-_a;‘

A:ZJ?‘ where:
-3;;‘ b = the effective range of the transducer
| . ¢ = the range of the side scan sonar recorder
and a = the height of the fish above the seabed.
2 0 Table 1 contains all the information used to determine the
probabilities of detectio;'as well as the P.0.D.'s themselves;

The first area in the éable has the worst probability of _
detection, but forty-five per cent of it was explored again in later
searches, increasing the P.0.D. to 90% in those areas. The remaid-

ing fifty-five per cent of the first search area should be re-

3;; explored.

:;' The position that was plotted as the '*schooner BEAR"

‘?‘ had a probability of detection of only .68 for its search area.
ﬁ‘ This low P.0.D. does not exclude it from beiné a promising target
féf for future searches. In fact, based on the low‘P.O.D; and the

g; Naval charts, the area should be searched ag;iﬁ.

The only portion of the probability of detection determina-
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tion that has not been researched by this team is the underlying
assumptions and probability distributions used by the people who
developed the tables in the National Search and Rescue Manual.

These should be investigated to see if they'truly apply to this type
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INFORMATION USED TO DETERMINE P.0.D.'S FOR SEARCH AREAS
AND PROBABILITY OF DETECTION FOR SEARCH AREAS

(DERIVED FROM CG-308)

Probability
Track .. Fish Sweep ~ Coverage
Search Area Spacing Scale Above width - Factor 0 °ft'
. Seabed Detection

Square centered 500 200 100 378 .76 .65

on Buoy (Plot 31) yards meters meters yards

Square centered on ’ :
wreck B (Plot 34) 500 300 70 639 1.3 .90
Square centered on .

wreck A 500 300 70 . - 639 1.3 .90
Trapezoid to the

right of wreck A Cy

(Plot 36) ‘ 500 300 70 639 1.3 .90
Lower trapezoid to the
_right of wreck A i

(Plot 39) 500 300 70 639 1.3 .90
Square centered .

over "'Schooner BEAR' 250 300 240 197 , .79 .68
(Plot 1) yards meters meters yards :

TABLE 1

9L
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of search, for the technological sophistication of thls search was

much higher than any previously conducted by the Coast Guard. With

the use of the Northstar 6000 LORAN receiver and the EPSCO Cc-Plot

LORAN Position Plotter it was determined areas were covered and

exactly how well. This might have some effect on the tables. It

is also recommended that a sweep width table be generated for side

scan sonar searches.
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B. NAVIGATION

This section of the report deals with ﬁavlgatton aﬁd»data :
collection concurrently, for a good deal of the daté obtained‘was
navigational in nature. The use of the Northstar 6000 LORAN-C
set and the EPSCO C-PLOT/FDRAN-C Position Plotter in the search
for the BEAR will be deta}led; the search patterns uSed, the side
scan- sonar traces obtained, and the general information kept in -
the log book will also be explained. The intent of this section
is not only to outline whgt was done on this particular search but
to provide direction for ;ﬁture endeavours of this or similar
nature.

At the outset of this project It was decided that the North-
star 6000 LORAN-C set would be used in conjunction with the LORAN-

C Position Plotter for all navigational purﬁoses. The Northstar
6000 was chosen for Its many special features, including the ability
to steer a computed line and program destination points into its
memory. These two features were thqught to be especially valuable
to the project, for it was intended that, during the search, the
ship would be made to steer to a pre-dgtgrmiég¢~point to initialize

the search and from there would be made to steer along a LORAN-C

line comprising one of the legs of the search pattern. Actual use,

however, broved something quite different than anticipated.

On the pre-search phase of the MAP, when the equipment was

being tested In Fisher's Island Sound, the NORTHSTAR 6000 was pro-

' grammed to have the tugboat that was being used arrive at a precise

location In the Sound and, from there, to steer along a LORAN-C

T — S
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line in a search for a sunken automobile and airplane. It was

found that it was not very effective to use the loran set as a sole

means of tranéiting or steering along a computed line, for it proved

confusing to both helmsman énd conning officer as it was often
unclear whether the vessel was to the left or right of the computed
track. This was due to the fact that the loran set computes 3
track to a point based upon the destination point and the point

at which such a trackline is requested; thus the confusion arises
as to whether the "SCL' ("'steer computed line') or "SéLR" ("*steer
computed line reversed{l‘fuﬁction should be used. With proper

explanation, this confusi&n'could have eésily been eliminated, but

it was not done on the search trip. - For ease of steering, the

EPSCO C-PLOT/LORAN-C Position Plotter was used along with the loran -

set. . -
The EPSCO C-PLOT/LORAN-C Position Plotter, Model 4050-10,
was obtained for use In the search for the BEAR for its ability to
plot the exact track ofra vessel on a plot sheet. yielding a per-
manent record of where the ship héz been. It was felt that it
would be especially desired when the actual search was conducted,
for it would show where the "holes' were in.-the search pattern,
and would allow for accurate return to a specific area. The ability
to simply draw a search pattern on a plot sheet and have the helms-
man steer along the dra@n lines was also seen as Invaluable.
During the pre-search phase, the plotter was initlally used.
only to draw a trackline to show where the tugboat had been; at

this beginning stage the Loran C set was solely relied upon for
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nav%éatfop. When it was discovered that the léran set could not
. give the Eepeatability that was necessary for the type of search

that was to be conducted on Brown's Bank, it was decided to use
both the loran set and the plotter together. Employing bo;h pieces
of hardware offered many advantages: the ability to initialize a

Aplot with the loran C time differences of the vessel's present
location to yleld a plot of the true trackline being traversed
(éhus el iminating the need to pre-calculate tpitialization points
of the plot sheets); the ability to simply draw a search pattern
on a sheet of paper anq.have the helmsman steer along those lines,
while having a continueug_read-out of the loran-C position on the
NORTHSTAR 6000; the ability of the helmsman to more easily follow
a prescribed trackline, thus avoiding the confusion of having to
steer by the "'SCL'/''SCLR" function of the loran set. while at_the

" same time providing the 00D with the base course that the helmsman
{s steering. Due to time limitations on the pre-search phase, the
above advantages were merely offered as hypotheses which merited
testing before the actual search began. The plotter had been used
to a great extent during the pre-search phase and had met with much
success, yet the full capabilities of-thq.gwo together were not

investigated. Had the Integration of the plotter and loran set

E been accomplished earlier in the pre-search phasE, much time would
? have been saved when the actual search began in Brown's Bank.
;E En route to the principle search area in Brown's Bank, the

plotter was used only to acquaint the members of the research team

with lts use and, thus, was limited to merely tracing the track of
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the USCGC CONIFER to the probable BEAR location; Due to the con-

figuration of. the brldge of the CONlFER, the plotter and loran set,

as well as the EG&G side Scan Sonar Recorder, were located .in 2 - .
chart room just aft of the brldge with access through a door on

the starboard side. This proved to be a somewhat awkward and in-
convenient arrangement, as '‘course to steeﬂ' informatton had to be
passed from the watchstanders in- the chartroom to the 00D on the
bridge, then from the 00D to the helmsman. The time that It took
to pass information in this manner greatly reduced the effective~
ness of the sophisticated hardware. Because the cadets did not
give the 00D encugh warning that a turn was imminent, many turns
were executed poorly and resulted in a sloppy coverage of an area.
Set and drift, as.well as helmsman error, compounded the problem
and a plot such as ‘that in Figure ! (Plot #30) was obtained. Due
to the dependence on the NORTHSTAR 6000 initially during the seatrch
phase, the plotter's capabilitles were not being fully.utilized;
when the plot sheet was apalyzed it was seen that not only were
there a great many vholes'' that received no coverage at all, but
that the track legs were not stralght nor were they parallel. It
was then decided to draw a search pattern on the plot sheets and
place the platter in front of the helmsman Thus all the helmsman
had to do was steer along the lines drawn on the sheet, which
would ensure that the proper track spacing was kept and that the
lines would be nearly straight and parallel. As the helmsman be-
came accustomed to using the plotter to steer by, the holes in the

search areas became smaller and occurred less frequently, thereby
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increasing the brobabi!ity of detection.

. - At this point it becomes necessary to outline how search areaﬁl
were constructed and why they were qho;en. Utilizing the data ob- -
tained from prior research of currents and winds, In conjunction’

4 ~ with the information provided from Naval charts of the known wrecks,

| an area of Brown's Bank was targeted as the most probable location

of the BEAR. Creeping line search areas were constructed centered
at the positions of charted wrecks. The area covered was a function
of time available for the search and estimates on the proSability

of finding a wreck in the proposed search area. The track spacing

was a function of the r;ﬂge of the side scan sonar; a spacing of

500 yards was used for most of the search, as the effective range

of the sonar was 200 meters to each side. Using the EPSCO C-fLOT/

LORAN-C Position Plotter all that needed to be done was to draw the

appropriate éearch pattefn on a plot sheet, initialize the blotter,

and have the helmsman steer the lines. A creeping line pattern with
the legs oriented north-south was chosen to cover the large areas

of the search due to the simpllc;ty of laying out the pattern and

the fact that the long, straight lines of the pattern were easier

for the helmsman to follow. When 2 new search area was entered, a

sector gearch was commenced at ;he center of-the area (probable or

charted Iocgtion of a wreck). The sector search was designed to
cover a very small ared with maximum coverage In the ?enter, as

this was a ilkely wreck location, The reason for conducting a

sector'search was to discover the wreck in a shorter period of

time, assuming that there was a wreck where the charts indicated.

The sector search would have alleviated the need to conduct the
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. | C. DATA COLLECTION

Having discussed the navigational tools employed during the

Eéi, search for the BEAR, from the hardware to search patterns, it now

remains to outline what sort of data was, and should have been,
collected and how the data was recorded.

With the set-up used for the BEAR search, th; data was derived
3?; from three sources--the NORTHSTAR 6000vLORAN-C set, the EPSCO C-
PLOT/LORAN-C Position Plotter, and the EGeG Side Scan Sonar

Recorder, The NORTHS?AR~§000 LORAN-C set provided longitude, lati-

tude, course, speed, and loraﬁ C time difference information that
could be '"memorized' for a iocation by switching to the memory

| : function. When a contact was observed on the EGEG Side Scan Sonar
5 Recorder, the time and létter designation was noted on the tracé ’
and the NORTHSTAR 6000 was switched to '"memorize.'! The previously
q indicated information was to be logged in the BEAR Project Log,
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