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1. SU?PLE\(ENTARV NOTES 12. SPONSORING MILITARY ACTIVITY

USAMERDC
Fort Belvoir, Virginia

-~*The U. S. Army Mobility Equipment Research and Development Center has developed Mooring Site Survey
Equipment as part of the Multi-Leg Tanker Mooring System. The mission of Mooring Site Survey Equipment
is to survey the ocean bottom and sub-bottom at a prospectlve mooring site and: (xj Locate submerged objects
that are navigational hazards to ships and lifters operating in or around moorings. Determine the suitability
of the sediment for the deployment of the USAMERDC XM-50 and XM-200 Explosive Embedment Anchor
(EEA). (c)/Provnde a continuous water depth record in the mooring. (d¥ Determine profile of bottom from
shore to mooring site to determine suitability for installation of submarine plpehne

The components of Mooring Site Survey Equipment are: (a) Acoustic Underwater Survey Equipment
(AUSE), which remotely detects sediment interfaces within the sediment and objects on the ocean bottom

using acoustic energy. (b) Explosive Embedment Penetrometer (EEP), which determines the suitability of
ocean bottom sediments at a particular location for the deployment of the USAMERDC XM-50 and XM-200
Explosive Embedment Anchors by propelling a projectile into the occan floor.

~-:The AUSE, a combination side scan sonar and sub-bottom profiler, is initiully deployed at a mooring site to
detect submerged and protruding objects and determine the general sediment composxtlon} Ehmmatmg those
areas not suitable for the EEA, the EEP is deployed at the éxact location where an EEA is fo be fired. The EEP]
fires a projectile into the ocean floor and measures the penetration and force required to éxtract it. The pene-
tration and extraction forces of the EEP are correlated to the penetration and holding power of the
USAMERDC XM-20 and XM-200 EEAs.

Testing and development of this equipmeni is discussed. “|a-
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The U. S. Army Mobility Equipmer t Research and Development Center has devel-
oped Moormg Site Survey Equlpmcni as part of the Multi-Leg Tanker Mooring System.
The mission of Mooring Site Survey Lqu pment is to survey the ocean bottom and sub-
bottom at a prospective mooring 5|te anc:

a.  Locate submerged objects thal are navigational hazards to ships and lighters
operating in or around moorings.

b. Determine the suitability of tt e sediment for the deployment of the
USAMERDC XM-50 and XM-200 Explotive. Embedment Anchor (EEA).

c.  Provide a continuous water death record in the mooring.

d. .Determine profile of bottom f-om shore to mooring site to determine suita-
bility for installation of submarine pipeliae.

The components of Mooring Site Si.rvey Equipment are:

a.  Acoustic Underwater Survey I quipment (AUSE), which remotely detects
sediment interfaces within the sediment ind objects on the ocean bottom using acous-
tic encergy.

b. Explosive Embedment Penetrcmeter (EEP), which determines the suitability
of ocean bottom sediments at a particular location for the deployment of the
USAMERDC XM-50 and XM-200 Explosive Embedment Anchors by propelling a pro-
jectile into the ocean floor.

The AUSE, a combination side scan sonar and sub-bottom profiler, is initially de-
ployed at a mooring site to detect submerged and protruding objects and determine ‘
the general sediment composition. Eliminating those areas not suitable for the EEA, |
the EEP is deployed at the exact location where an EEA is to be fired. The EEP fires a | l
projectile into the ocean floor and measures the penetration and force required to ex-
tract it. The penetration and extraction forces of the EEP arc correlated to the pene- f
tration and holding power of the USAMERDC XM-50 and XM-200 EEAs. j

Testing and development of this equipment is discussed, and it is concluded that: :

a.  Mooring Site Survey Equipment can dctermine the suitability of an offshore
area for the deployment of the Multi-Leg Tanker Mooring System. The AUSE and EEP



complement each other to achieve the mission with a degree of accuracy and reliability
that is not ~qualed by the deploymciit of one of the components alone.

b.  The combination of a sub-botiom profiler and side scan sonar is far more
valuable tha:. either alone. The side scan sonar aids in the identitication of the surface

sediments on the sub-hottom profiler.

c.  The side scan sonar can identify manmade objects, natural terrain features
and ocean bottom surface sediment characteristics.

d.  The sub-bottom profiler can detecs discrete sediment layers approximately
1 foot in thickness.

e.  The sub-hottom profiler can determine the general sediment type of the
ocean floor and can distinguish hetween saud. rock. mud. aud lay.

f.  Limited testing has shown that enlisted personnei of NS 51C with proper
training and sufficient experience can operate the AUSE.

g. A cornrelation exists hetween tne penetration and extraction force of the

EEP and the penetration and holding power of the USAMERDC XM-290/XM-50 FEA.

h.  The Mooring Site Survey Equipment can be deployed from a 25-foot Coast
Guard Motor Surfboat in light seas.
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FOREWORD

Authority for design. fabrication. and testing of Mooring Size Survey Equipment
is contained in Task 1J664717DL4101. ““Marine Teripinals™.

Dezign and fabrication of the major components were accomplished under con
tracts by the Environnse:tal Eguipment Division of EG&G (DAARO2-7T1-C-0410) and
“lamavox Systems. Inc. (DAAKO2-T1-C-0274). The design and falri-ation of the an-
citlary components were accomplihed at US AMei{DC rinder the direciion of William

S. Guerrant. Chief of Construction :nd Ma-in- Svstems Branch. tuci~ itandline Equip-

meni Division. USAMERDC. Tie i ollowing USAMERDC personnel have been active
in the development of Mooring i~ ¥nney Equipment: 1LT Keaneth R. Bitting. SP4
David J. Kramer. and SP4 Duane Braun.
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NOORING SITE SURVEY EQUIPMENT

L INTRODULCTION

The U. 5. Army Mobility Equipment Koscanch 2nd Devclopment Cenler
(USAMERDC). Fort Bebvoir, Virgingz. i+ deved ypire the Mdii-Ley Tanker Mooring Sy=
tem conssting of a tactical. air-fransporfablc moorng-condnuction system. and a d:dib-
erate mooring sxstem installable with comentions manne construclion equipsnl.

The constraction time and air-trznsportabdity vzt Bmilations neceesitate Lhe
axe of cxplosve embedment 2nchons rather than the common daae and zndhor type
moofing.

The XM-50 Explosive Embedment An-hor (EEA) devdoped for this system Fa
USAMERDC is deploved most reliably i sands 20d cdzys. will not bold in mud. 7a:4 c2n-
not penctrate rock. This neetssitates the elimination of prospective mocotine sites that
have undesarable charzcteridics. This i= the misson »f Mooring Site Survey Equipment.

Mooring Site Survey Equipment (MSSE) & composed of two components: Acoustic
Underwater Sunev Equipment (AUSE) 2nd Explosve Embedment Penctrometer (EEP).

Acoustic Underwater Suriev Equipment is a2 combinatien side scan sonar and sub-
bottom profiler. The side scan sonar detects manmade and natural obstructions on the
ocean floor that might damage a tanker zs it approaches the mousing. Tae sub-bottoin
profiler gives 2 general indication of the sediment suitability for the deplovment of the
EEA. It also gives a continuous water depth record in the mooring.

Once the AUSE has identified areas that appear 1) be suitable for the mooring. the
EEP iz deployed at the exact locations where the explosive embedment anchors are to
ke fired. The EEP iz lowered from a 25-foot Coast Guard Motor Surf Boat (MSB) and
éres a projeetile into the ocean floor. The fora required 1o extract the proicctile and
the penetration of the projectile into the oczan floor are measured. From this informa-
tion. the potential holding power of the XM-50 EEA can be predicied. Whereas the
AUSE deteets the ocean floor remotels. the EEP provides a “phe ic sl handle™ on the
sub-bottom sl characteristies.

IL ACOUSTIC UNDERWATER SURVEY EQUIPMENT

A.  Concept

1. General Description. The mission of the AUSE i< to curvey the ocean floor at
a mooring <te and determine by zeoustic means it ~uitability for the deployment of the
USAMERDC XM 50 EE AL It aceomplishes this in three was <.
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2 By determming swvoeral sediment conposison up to 30 focl below the
oncan flowr amd demiifvims ancas mol smlable for the degloyment of the EEA. The two
coesditions Brvitime the mac of the EEA ane sedimpents too soff (o poraeit the £EA 1o de-
sefop 2denmate bolding powiar. and rock boltores zmto which the EEA cammol peoetnzie.

b By lecatimr mamemade obstades and natorad foalames (e.g. senken vecads
and sochs) on (e ockan foor whicdk ane mavgztionad kazands to veewds or liehters zp-
proachirs or operatiag within the nsoorne ste.

c. By proviing 2 ovnliruoas. amcmste roovnd of the waler depth throndh-
ot the poorimz 2nd in the approadhes. it will :dentify ancas i or oear the mooring
wiere the waler deplh = not sufibesent for the opezziion of Brhler or lamdbes. This
mnformation will 2ko 2:34 in delarmininy the maximum afe draft of 2 tzsder (Le. the
quanlity of petroleum il camies) bedore it # Gspatched to the mu sring.

2 Somar Comcepls. Tht ALSE i< 2 acculenalion sdc scan and sovar sub-bottor=
prodiler.

2. SubBotiom Profille:. The subboiiom profider i 2 “downlooking™
sonar that produces 2 profie of the ocean bottom sediments alonz 2 vertical plane
(Fiz. 1). The sub-iotlom profiler coasids of 2 sound scumoe 2nd 2 neatner.

The sound source trzn:mits accustic snerey verticzlly into the oczan
floor. The encrey reflects off the ocean floor and retums to 2 waterbome receiver on
the surface. The amount of energy 2nd the time intenal over which the encegy i< re-
tumed are indications of the zeneral type of sediment present in the ocezn floor.

in general. the penetration of the acoustic energy into the ocean floor is
imcrsdy proportioned 1o the fmjuency of the oulgoing pulse. The resolution of the
sediment lavers i directls proportionz) to the {requency and is generally considered to
b one-half of the wavdength of the transmitted pulsc.

b. Side Scan Sonar. Side scan sonar “looky acro= the ocean floor and de.
tecls natural and manmade objects and ~urfaer sediment charactenstics. Side sean sonar
does not peaetrate the ocean floor.

The side «can ~onar transducers are mounted in a2 towed body that is ~u~
proded 25 to 50 feet aborve the oeean floor. The transducsr ~end- a fan~haped pul«
prrpendicular 1o the track of the vessdd and declined dightly from the horizontal (Yig 2
The acoutic energy that reflects off the ocean floor is recened by a tran-ducer in the

towed body .

[
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Side scan sonar produces 2 record similar L an serial photograph of the
ocean floor. The height and length: of objects can be determined from the side scan so-
mar reond.

B.  Frolotype Equipment

To assees the feasibility of the application of sona: *» mooring site surveys, a con-
trzcl was awarded to the Emvironmental Equipment Disision of EG&G, Waltham. Massa-
chusclts. to fabnizate the necosary equipment.

EG&G manufactures a side scat sonar and a sub-bottom profiler for commercial
vse. To consenve the limited space avadable in the MSB. the two instruments were com-
lined into one unit. USAMERDC Icased the equipment and tested it in areas that
offered a variety of ocean bottom and sub-bottom conditions. The results of the tests
showed that 2 combination side scan sonar=ub-bottom prefiler was a feasible approach
to thr zscessment of mooriug site suitability.

rawing upon the expericnce gained during the tests. a purchase description was
derived for the second generation cquipment that would mect the specific military needs
of the Multi-Leg Tanker Mooring System.

C.  Description of Equipment

1. General Description. The AUSE combines a 5-kHz sub-hottom profiling sys-
tem and a dual-channel side scan sonar system sharing a common recorder (Fig. 3). The
sub-bottom profiling system provides a profile of the sub-bottom sediment layers below
the vessel's path. The side-scan system provides a plan view of the ocean bottom on
both sides of the vessel’s path. All equipment is powered by two 12-volt batterics in
serics.

The basic system is shown in Fig. 4 and consists of a side scan sonar towed
body. a sub-bottom profiling sound source and hydrophone. and a dual-channel record-
er. The side scan sound source and recciver are within the towed body. The sub-bottom
profiler employs separate sound source and recciver.

2. General Specifications. The AUSE was designed to he operated by two men
on a 25-foot Coast Guard Motor Surf Boat (MSB) at some speed between 3 and 6 knots
in water depths between 25 and 150 feet al a sca state two or calmer conditions. with
ambicnt temperatures between 25° F and 125° F. and using two or less slorage batteries
for power. The side scan sonar transducer is designed to provide a 10-foot resolution of
objects at a range of 500 feet.

e
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The sub-bottom profile s designed to determine water depths to within 1
percent of the true depth in 25 to 150 feet of water and to provide 50 feet of sub-
botiom penctration in mud and silt sediments and lesser penetrations in sand and gravel.
The sub-bottom profiler is capable of resolving a distinct sediment layer 1 foot in
thickness.

3. Components.
a.  Oceanographic Recorder.

(1) General Description. The oceanographic recorder is of the dual-
channel continuous wet paper type. A dual-channel recorder prints two independ-
cnt signals, one on each half of the 11-inch roll of chart paper. This capability
allows the side scan sonar and sub-bottom profiler data to be displayed simultane-
ously, one on cach channel.

The wet paper recording process utilizes paper that is permeated
by a ferric solution. The paper turns brown as current passes through it. The
darkness of the printed signal is proportional to the current passing through the

paper.

The recorder contains all circuitry necessary to generate, transmit,
amplify, filter, and print the acoustic signal. Nearly all components that may fail
and require replacement are accessible from the front panel. The circuitry is physi-
cally grouped in two ways, by functions and by channel. In the former, the circui-
try is grouped by function and placed on printed circuit boards (PCB). Since each
PCB has a specific function (e.g., amplifier or gencrator card), repairs may be made
by identifying the type of operational problem and removing and replacing that
PCB while the instrument is operating. Two reserve sets of PCB are carried with
the records to cffect repairs. In the latter method of grouping, a major part of the
circuitry for each channel is independent of the other. This allows the instrument
to continue to operate even if difficultice exist in one of the channels. This arrange-
ment also facilitates the location of malfunctions by further separating the circuitry.

(2} Circuit Diagram. A simplified circuit diagram is shown in Fig. 5.
Several PCBs (e.g., built-in test boards and relay boards) are not shown.

(a) Sub-Bottom Profiler. Upon receipt of a trigger pulse from the
trigger/scale line generator (]3), the sub-bottom profiler (5-kHz) driver board
discharges a bank of capacitors into the barium titanate ceramic transducers
of the pinger probe. The electric pulse causes the transducer to expand
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rapidly and produce a pulse of acoustic energy. The clicking souzd can be
heard by the human ear.

The acoustic pulse travels through the water column. refleets
off the ocean floor and scdiment interfaces, and returns to the water’s surface
where it is received by the hydrophone. The sub-hottom profiler signal am-
plidier (J9) receives the signal from the hydrophone and filters and amplifics
it to a level that will drive the print amplificr (J1, J2). The print amplifier
raises the voltage and current to a level sufficient to cause writing to appear
on the paper. The print amplifier also produces the event marker.

An adjustment in the print amplificr, called the threshold,
climinates extraneous noise that is received from the water by the hydro-
phone. It may be necessary {0 make this adjustment when operating from
vessels with different noise levels.

The filtered and amplified signal is conducted to the helix
strip through a commv tator brush in the end of the drum. The current
passes from the helix strip through the paper and into the endless electrode,
called the helix blade, to ground. As the drum turns, the helix strip contacts
the endless electrode at a point which sweeps from the center of the drum
outward, and the current passes through the paper to ground.

The total image on the paper is a compaosite of many lines
next to one another.

(b) Side Scan Sonar. Upon reccipt of the trigger pulse, the side
scan driver card (J4) sends a pulse to the towed body referred to as the “fish.”
Caution: The side scan driver card should not be removed or otherwise ad-
justed while the instrument is in operation, because 750 volts are present on
this board.

Transducers on both sides transmit a fan-shaped beam (Fig, 2).
The signal returniag from a target is received by a separate transducer. The
signal reccived by each channel is amplified and filtered by the side scan am-
plifier card for that channel (]8, J9). The processed signal is amplified fur-
ther and printed by the print amplifier for that channel (J1, ]2).

Scale lines are printed on the chart paper to provide a special
reference. They ar- generated by the trigger/scale line generator (J3). The
generator is triggered once cach revolution by a flash of light that passes
through a hole in the ¢og belt wheel on the end of the helix drum axle,

"
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3) Postimz Mevhanias. The puinilize madinaniam b bucatiad om the Befl
Eodf off thye mocomdier. 18 comits oF the Brelire dinmoe, ey Blkude. gageor disine nolllers.

pieoet Lader-toy meedl. 2mvd ppser evarpor dneoml.

(2) Paper Compartsurnd. A ek oll of papenr o+ pllanad o the
peper conpariesezl befiand the befiy dmore. A ool dearg spoeye k6 pllacad
wesder that pargeer to keep 1t mootsd.  Amboemt Bead o breal sverrereled by ghe
elorironic avarpomtmls can e tht pager (o dry il 2md e primiim s
will zpprear onneal faded.

The paper is deawn oner the befis drezm and peper diine golbors
znd fipped mlo the peper tzhep corzpartement throosh 2 2ot in the top
pentl. Rhm the Ed i down (Frz. 6) 2md the oguipenend &5 operztins. the
et does ol kease the sprav-sooof neconder 2md 1= thepefone ot subgectod
10 szlt-water spra .

(b) Paper Drive Rollers. The paper drine rolies= padl the paper
out of the paper compastment and beiween th bediv drum znd hedix Hade in
the lid (shown in raiced position in Fiz. 7). The rollers 2ne deiven by 2 heflt
from the s2am~ motor that drives the hedix drum and peper take-up reel

(c) Paper Tadie-Up Red. \fier the paper passes betwecen the
helix drum 2nd helix blade and s printed upon. it i taken up o 2 reel in 2
plash-proof compartment in the front of the recorder. The redd i dmmen at
the s2me rale 2< the paper drive rollers. A clutch mechanism applies 2 dizht
tension to the paper to insure thal it rolls onto the ree] evenly and permit-
the red to be turned backward =0 that the records can be raiewed while the
instrument i~ operating.

The door 1o the compartment is gasketed ~o that no water
can enter the compartinent and damage the records. since exposing these
records to sprav damages them severdy. This feature is a2 major improve-
ment over the prototy pe svatem and permits all-weather operatien. Ina dry
emironment. the door can be opened and the roll taken out and the records

reviewed during operation.

(d) Helix Drum. The Lelin <Irip (on the helix drum) sweep- 3
point of clectrcal contaet actoss the paper. There is one helin <trip for cach

channel.
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e cun. af pussos Rmowydh e pagear mtio tfhe emilllons afindinude
«aillnd thie Rrefire Bitn8e. V. o Rrelire Bltnde e motatinll howbh o dinimButie the auearr
ewenfla.

Thor prrcsrun. Sectasann e Brefle simge amdl thee Brelire Bllade 2o nd-
prsiaé Bo Bl sonews (B T

(¢) Lad The Bd by tids the Brefire Blndie novemBlo . asBodh pe g
harflad wo thud the sant prossiac- willl Be agpliod to She Rrelin st B the befis
Made. rosmnfios of fox tartith ue bl or tifemad.

The Bl hins forr b5 ABedBe fo Funmmte the pooond 25 62 B poo-
dnond. Thee Befd pxlemsafiy ie cwmds, fied By ghe B swiitedh sm the ook sode
of the comizold pemell. The Befaleff, wme sprims moworsed fo anond demase fnoan
vk 20d sBrziive.

1 dimed window o B B (Fiz. 6) <o be opemed] to faciblate
ok the poconds. The bd 2md wind.. « z¢ gadieted to foms 2 splade-prood
vncs oner the paper.

(§) Comtrols.
(2) MNodes of Operation. For prx.wnes of éefamitiorn. AUSE bas

thnee fendtions: i% o cheuneds of S8 sezn < 17 20d the sub botlom profder.
These Teactions czn be combined in thaee od =

Pt Channed Stasbvoa 4 Channd
Sde scan Sde ez
Sde sczn Subr-bottos profider

Sub-lottom profiler Side scan

(b) Mode Switch. The mode switch (Fig. :5;: determines thr chan-
ned on whidh the sub-bottom profile will be orinted. W Yen the switch i
turn=d to the left <« right the profile will print oa the puet o starhoard chan-
ned_ respectiveds . The side ~ean ~<onar on the oppaosite ch. anel iz automalically
prnted. The center postion of the mode switch tums oft the profle and the
<de ~can ~onar «f both channel- i~ printed.

(c¢) Function Controls. There 290 thrce « 1= of cu-adrole, one for

cach function (Fig. 8). Fach function can be tuned properds o all imes,

aenaf it 1~ not being prnted. Thi- 1c an mmprosement ever the grolols pe
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Fig. 8. Occunogruphic recorder—controls
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instrument, which had only two controls (i.e., amplifiers) for the three
function..

Each time the mode switch was changed, the amplifiers had
to be tuned hecause the gain settings of the side scan sonar and sub-bottom
profiler are quite different. Vith the above improvement, all functions are
always tuned and ready to print when the switch is turned. This is particu-
larly helpful during a survey (paragraph II H).

The controls for each function affect the way in which it re-
ceives the signal as it returns from the ocean.bottom. The Time Varied Gain
(TVG) (initial and slope in Fig. 8) and the overall gain interact so that a
balance must be reached during tuning. A descnptlon of the controls follows.

1. Time-Varied Gain (TVG). TVG, a function of the signal
amplifier PCB, increases the gain of the amplifier so that it receives the
weaker signals from the deep sediments within the bottom. The gain in-
creases as the point of electric contact sweeps from the center toward
the end of the drum.

The “initial™ control establishes the level of gain from
which the gain will increase. The slope control establishes the rate at
which the gain increases (i.e., slope of the gain curve). Figure 9 illus-
trates the concept of TVG.

The initial gain affects the one-third of the record at the
beginning of the sweep, the slope controls the middle one-third of the
record, and the overall gain affects the outer one-third. These controls
are all interrelated so that a balance must be met by adjusting all three
controls.

2. Overall Gain. The overall gain (Fig. 8) controls the gain
of the entire record. The TVG is superimposed on top of the overall
gain over the inner two-thirds of the record.

(d) Output Power Level. The power level switch controls the
amount of energy put into the water by the pinger probe. The switches add
either 0.12 joules or 0.25 joules to the output. Since the instrument is a one-
half joule system, there is always at least a 0.12joule output. The effect of
the switches is shown in Table I.

17
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Table 1. Power Output

12i
SWITCH ON

23
SWITCH ON

% MAX. POWER
OUTPUT

X
X

100%
15%
30%
25%

(¢) Range Scale Switch. The range of the instrument is most
easily defined as the width the channel represents. AUSE has full-range scales
of 150, 300, and 600 feet. That is, on the 150-foot range, the farthest point
that will be seen on the side scan sonar record is at a radial distance of 150
feet from the fish. The 600-foot scale wilf insonify four times as much ocean
floor as the 150-foot scale, but the image of a target will be one-fourth the

sze.

Since the range scale is determined by the heliy drum speed

and is therefore the same for both channels, the side scan sonar and the sub-
bottom profiler are on the same range scalc.

The 600-foot range scale is uscful only for performing a side

scan search over a large area for a large target. The necessary detail cannot
be seen on the sub-hottom profiler record on the 600-foot scale.

(5) Printed Circuit Boards. The electronic components are organized
on Printed Circuit Boards (PCB) according to function and are accessible through
the two covers on the front panel (Fig. 7).

The PCBs are identified in three ways:

19
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(a) Color Code. The tabs on the top edge are colored and match
the color and name on the underside of the cover.

(b) Name. The name describing the function of each PCB is print-
ed on it.

(c) Pin Cede. The pin arrangements on each PCB match the recep-
tacle in the recorder into which the PCB fits. The pins on all PCBs are differ-
ent so that a PCB will not fit into the wrong receptacle. The sonar amplifiers

and printed amplifiers for both channels are identical and can be interchanged.

The instrument is accompanied by two sets of spare PCBs (one set
for each channel) to facilitate repairs in the field. The power switch must be in
the “off” position when changing PCBs since some have points of high voltage.

After a PCB is replaced, the covers should be replaced to prevent
foreign matter, water, or tools from entering the recorder. Screw drivers left on
the front panel can fall into the PCB compartment and short out the circuit.

(6) Event Marker. The event marker prints a dark line continuously
across the record. These marks can be numbered and used during a survey to cor-
relate the record with the navigational plot.

(7) Lamp Intensity Control. The lamp intensity knob controls the in-
tensity of the two lights that illuminate the controls and the four lights over the
record (Fig. 9). Lights were added to this model to permit night operation.

(8) Elapsed Time Meter. The clapsed time meter (Fig. 9) records the
number of hours (and tenths of hours) that the instrument is in use. It was added

to establish the mean time between failure of components and to assist in determin-

ing the expected life of wearing parts such as helix heads and strips. Reliability
discussions during the contract negotiations emphasized the Jifficulty of testing
the instrument for reliability. It was decided that the most equitable and economic
arrangement would be for the contractor to replace components that fail within a
specific time span.

The elapsed time meter is connected to the helix drum motor cir-
cuit so that it is operating whenever the instrument is operating.

(9) Built-In Tests (Input). An oscillator built into the instrument pro-

duces a signal of predetermined frequency and amplitude. The signal is applied to
the amplifier by pushing the “Test’ switches on the front panel. If the amplifiers

20

a-—

P




RIS AR oy e e L v o

are putting out a signal at a designated level. a light line will appcar on the record.
If the amplifier is too weak, no line will appear.

The tranducers need not be connected to the recorder.

(10) Built-In Tests (Output). This test determines whether or not the
transducers are transmitting. A test hydrophone (Fig. 10), connected to the re-
corder in place of the operational hydrophone. is held 5 feet from the pinger
probe. or 7 feet from the side scan “fish” (Fig. 11). When the output test switch
is pushed, a linc will appear between the center of the record and the first scale
line, indicating that the transducers are transmitting properly.

The output built-in tests must be performed out of the water.

(11) Fuses. The fuses are located on the first panel under the threaded
(Fig. 8) caps.

In the prototype instrument, the fuses were located inside the re-
corder case near the rear. To replacc a fuse, it was necessary o remove the record-
er from its case and turn it on edge. Placing the fuses on the front panel is an ob-
vious advantage.

(12) Case. When all doors on the front panel are closed, the recorder
case is splash-proof. 1t can be operated with the cover on and the record heing
ohserved through the window, or in less severe conditions. the cover can be
removed.

Three ventilators are provided in the case:

(a) Front. A fan is mounted behind the filter shown in Fig. 6. It
draws cool air into the case to cool the clectronic components. The filter
traps airborne particles and water and prevents them from entering the case.
A metal louver (not shown) is placed over the filter to protect it. The fan is
wired into the puwer switch and operates whenever the recorder is operating.

(b) Side. The side vent arrangement is identical to that of the
fiont with the exclusion of the fan. Air drawn in by the fan is exhausted
through the side and bhottom vents.

(c) Bottom. The bottom of the case has a hole approximately 2
inches in diameter. A large baffle on the inside prevents direct entrance of
water.

o« AENL
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As the recording paper passes between the helix blade and strip. a
small amount of paper is scraped off the back. This fine pow der falls to.the bot-
to:n of the case and is biown out threugh the bottom vent.

The two handles on the front panel should ot be used to lift the
recorder. They are provided to facilitate the removal of the recorder chassis frem:

the case. '

Twao straps are provided to assist in the removal of the recorder
from the storage chest., : :

(13) :Recorder Specifications.

Size 24in.x31.5in.x 12in.
Weight : 1071

Range Smles 150, 300, 609 ft

Scale Lines 25 f1 .

Voltage 24 volts DC .
Current 7 amps max.

b. Pinger Probe. The func'ion of the.pinger probe= (the sound source for
the sub-kottom profiler) is to transmit a 5-kHz acoustic pulse of 0.4-millisecond dura-
tion into the sub-bottom sediment layers. The transducer assembly supported between

two fiberglass foam-filled floats (Fig. 4), consists of three truncated conical crystal trans-

ducers in a line array. The face of the transducers is protected by a rubber pad approxi-
mately 1 inch thick. A 70-foot, 5/8-inch-diameter combination electrical and tow cable
is used to tow the pinger probe. The connection of the tow cable to the pinger probe is
approximately 10 inches to the rear of the nose on the aiitside of the float (Fig. ).
Towing from this position, the transducer wiil plane away from the boat and avoid the
wahe. The turbulence of the wake attenuates the outgoing signal.
I

A kellum grip secures the cable to the float to relicve the tension on the

clectrical connectors at the transducer. '

The specifications are as follows: '

~ Size : 62 in. x 28 in. x 14in. -
~ Weight i 921b
Frequency SkHz
Pulse Duration 0.4 millisecond
Beam Pattern 30° x 120° elliptical cone
24
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c. Hydrophom:. The function of the sub-boltom profilker hydsophone is
to reccive the acoustic reflections from the bottom and sub-bottom Lisers, transduce
them to clectrical signals. amplify these dectrical signals. and deliver them to the re-

- ongdes for further processing and dasplay.

The hydrophone consists of an oil-filled hose contairing 2= cight-<lement
array of ceramic, acedleration-cancelling arystal transducers and a preamplifier. A 70
foot electrical cable is used to tow the hydrophone and connect it to the recorder.

A 30-fost tail of %-inch cord is attached to the end of the hydrophone
and enhances the hydrodynamic characteristics of the hvdrophone. Loose knots can
be tied in the fail to increase the drag of the tail. The tail will alzo help straighten the
hydrophone and ake out the dight curve that is caused by coiling it into a storage
chest.

The drag created by the tail lifts the hydrophone and assists in counter-
acting the sinking force of the clectrical cable. This is important when operating at
" dow speeds with the hydrophone a great distance behind the vessei.

An eight-clement hydrophoze receives only that signal which approach-
cs it perpendicular fo the long axis of the array. Signals received parallel to the axis are
rejected. The hydrophone is neutrally buoyant. However. the weight of the tow cable
causces it to sink when placed in the water.

The specifications are as follows:

Size- 15 ft long x 1 in. dia.
Tail 30 ft long x % in.
Tow Cable 70 ft long x % in. dia.
Weight 251h

Bandwidth 450 Hz to 5 kHz

Number of Elcments  Eight

d. Side Scan Sonar. The side scan sonar transducer (Fig. 4), called the fish.
has 16-inch fong rectangular transmit-and-receive transducers mounted behind blue
polyurethane windows.

The heam is approximately 2° by 40° (horizontal and vertical width re-
spectively) and is tilted down 10°. The transmitting pu!se has a frequency of 105 kHz
% 10 kHz, with a duraticn of 0.10 millisecond.
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No canczitry is ewefoued within the fowed fad. With She cxception of
thy moice sectzom. the body of the fidk floods whem sabononncd. Thee mose seetiom &
weerghiod suffaciertly fo camse the fide 5o mobeltn the proger atfitade whem aaier tow.

Thee taill seefdom 2+ fastenncd to thee boudy b shweanr sememes. 1 thie finde Ber-
comes emlameled i am obatraction, the tad will Sevak boose. allonime the f2d to fnae 51
=i, The tal seetion. commectied to the fish by 2 cond. i neconered with the fish and
EDGEOE.

When the tad section separates from the body. the fisy will beromee
very unstzble and the quality of the record will detersorate.

The speeifications are as follows:
Length 32im.
Diamecter 4m.
Fins 12ia.
Weight Approximatdy 40 1b

e. Depressors. A depressor is 2 hydrodynamic body that exatsa down-
ward force at a specified speed several times its weight (Fig. 4). They are ulilized with
the side scan sonar fish in deep water to hold the fish down. They increase the depth
that the fish can reach with a limited amount of czble. The effects of the depressor
are discussed in paragraph G.

f. Test Hydrophone. The test hvdrophone (Fig. 10) is used with the
built-in test capability of the recorder to test the pinger probe and side scan sonar
transducers to determine whether or not they are transmitting at a prescribed level
(Fig. 11).

The test hydrophone can also be used to determine the water depth if
the sub-bottom profiler hydrophone is inoperable. 1t can cither be tied to the pmfiler
hydrphone or hung over the side of the boat. The bottom will appear on the record.
but no penetration will be achieved.

g-  Replacement Parts Boxes. The replacement PCB. helix strips and
blades. Jight bulbs. and other spare parts are stored in two metal chests (Fig. 4). They
are taken on the boat during a survey so that repairs and maintenance can be accom-
plished on the vessel.
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D Deplosmment
L Sde Scan Sewar—Gemeral Techaingues.

2. Towimg Anawpraents. I daplos me the e woam o Sdie cme nme
B taliam e Retrep £l outl off e wade amd@ progeiiiar myotee amd txallafemor Bincuzar thes

warave 2 «omdime of the nocond.

(1) Shallow Waker. Th frh shoalld be tomand finonn ther Bo of the
Beoet o0 Qzat 2 weilll e provsiithomedd fru firnomll of amd Beedlon e progeellar s amidl oott
off e walkie. Rooonds takem im shallon waler inogoontly pick wp somt meose fronn
thar Bwl. Tt ts mol manaly sebons smd. m sotet caes. may soppih addioand m-
formztion (soc paragraph F).

(2) Decp Water. Thye fiish may be towed frome e stevm or de. somoe
el will bee secfincaentiv deep and sxface soese willl not b cooanded.

b. Lasachiss The fich $h wild be deopped inlo the wzler 2¢ showe m Fez
12. Sefiinedent calde 2hocdd be left free 1o 2llow the fish 1o 52k belox the etz then
the vemaimens calde 1= paid oat hand-vier-band. If the fidh is laundbed with some dack
Enc sather than being lowered over the side. it will not strike the sSde of the vessed 2= i1
pitches and roll= in choppy seas.

c. Cable Length. For optimum results. the fish should be 21 2 height
abore the bottom equal to 20 percent of the full-range scale. The bt way to deter-
mine this is by reading the hazht of the fish above the bottom from the record (para-
eraph F) and adjusting the cabde length accordmmgly.

The initial cable length should be approximatels twice the dedred depth ,
of the fish when under way. When this lerngth 2xceeds the depth of wates. the proce- ‘
dures oullined in the following sections must be followed or the fizh will strike the
ocean bottom.

d. Vessel Maneuvers.
(1) Getting Underway. When e initial cable length exceeds the wa-

ter depth. the fizh should be launched as deseribed above. As the eable is paid out.
the vessel ~should get underway slowlv. and the AUSE operator should watch the

record to inzure that the fish does not ceme too close to the hottom. The speed
hould be increased gradually until the cable is out.
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If deeper water is nearby, the fish should be deployed in deep wa-
ter and moved into the survey arca at cruising speed.

(2) Turns. When the vessel turns. the fish has a tendency to move to-
ward the inside of the curve. Since it does not travel as far as the vessel per unit
time, the fish’s speed decrcascs, and it sinks somewhat. If the fish is towed from
the bow or side of a large vessel, it may be in the vicinity of the propeller. There-
fore:

(2) Turns should be made toward the side that the fish is on to
avoid drawing the fish or tow cable into the screw.

(b) Turns should be gradual.

(c) If sharp turns are made, the fish should be pulled up to com-
pensate for its sinking.

When the fish is towed from the bow of a small boat with a short
cable, the above factors are not as critical because the fish is under the bow and
stays there during turns.

(3) Stopping. If the cable length is greater than the water depth:

(a) The vessel should be slowed and some cable pulled in while
the AUSE operator watches the record to insure that the fish will not sink
and strike the bottom. When it is evident that the cable length is less than
the water depth, the vessel may be stopped and the remaining cable retrieved.

(b) If deep water is nearby, the vessel should be moved to that
area and stopped while the fish is retrieved.

Before the fish is pulled into a small boat the water inside
must be drained over the side.

e. Deep Water Deployment. Depressors are provided to hold the fish
down in deep water to obtain adequate coverage with a limited length of cable. The
use and deployment of the fish with the depressor follows:

(1) Tie Points. One Kellum grip is moved to the mid-point of the cable
and the other to a point within 3 to 5 feet of the fish. A light line approximately
20 feet long is used to tie a depressor to the Kellum grip at the midpoint. The
second depressor is tied to the Kellum grip near the fish with a line approximately
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10 feet long. The line should be of sufficient length to allow the depressor to hang
below the sonar fish. If the linc is weaker than the sonar tow cable and the depres-
sor becomes lodged in an obstruction, the line will fail, allowing the fish to rise and
avoid similar obstacles.

(2) Launching. Launching the fish with depressors requires close co-
ordination between the boat operator and AUSE operators. Launching with cable
lengths greater than the water depth requires particular attention. This operation
requires one boat operator, one AUSE operator watching the recorder, and one or
two AUSE operators handling the fish and depressor. The following procedure
will assist in the successful 1~ nch of the fish with depressors.

(a) The Kellum grip should be tied off at the top end of the cable
to a cleat. For safety purposes, the cable should be wrapped around a cleat
or capstan or tied off again with a line.

(b) The depressor is lowered over the side and the sonar fish
launched as described above. Cable is paid out hand-over-hand until the fish
is within 25 to 35 feet of the bottom. The AUSE operator at the recorder
can make this determination.

(c) When the fish appears to be within 25 to 35 feet from the
bottom, the vessel should be moved ahead slowly. The record will show that
the fish is rising somewhat (i.e., the bottom appears to drop off). More cable
can be paid out and the speed gradually increased. As the speed increases,
the tension in the cable will increase due to the effect of the depressor. If
the speed is increased too fast, the tension in the cable will be too great and
the :able will be pulled from the grasp of the men handling it.

If the fish is not within 20 to 30 percent of the full range
scale from the bottom, the vessel speed should be reduced until the desired
depth is obtained. :

(3) Recovery. Recovering the fish with a depressor requires close co-
ordination among the crew members. If the boat slows too much, the depressor
or sonar fish will strike the ocean bottom. If the vessel does not slow down
enough, the depressor will still be exerting a downward force and it will be almost
impossible to retrieve the fish. If deeper water is not nearby, .ad the procedure
for recovery outlined in the previous section cannot be used, the following proce-
dure can be used:
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(a) The vessel should be slowed gradually to reduce the tension
on the cable.

(b) The fish should be retrieved while the recorder is watched to
insure that the fish stays above the bottom. When it is apparent that the
cable length is less than the water depth, the vessel should be stopped and
the remaining cable retrieved.

2. Sub-Bottom Profiler.

a. Towing Amngement—l-lydrophone The hydrophohc should be towed
in a location that is free of turbulence and noise. Off the stern and outside the wake is
usually the best arrangement.

The hydrophone should be approximately 3 to 4 inches under the sur-
face; that distance is one-quarter of the wavelength of the 5-kHz pulse. If two return-
ing pulses arrive at the hydrophone at the same time, one directly from the ocean bot-
tom and the other reflected off the water surface, the net effect will be additive if the .
hydrophone depth is 3 to 4 inches under the surface. If the hydrophone is allowed to
sink much below the designated depth, the two pulses will arrive out of phase and the
result will be subtractive.

In addition to the apparent lack of penetration caused by a low hydro :
phone, a second image of the ocean bottom will appear shghtly offset from the original

image.

The depth of the hydrophone is controlled by the vessel speed and the
length of tow cable out.

b. Tow Arrangement—Pinger Probe. The pinger probe should be towed in
a position free of turbulent water. The transducer faces must remain submerged at all
times. If air is allowed to pass under the transducer or the pinger probe is pulled out of
the water in rough conditions, the signal will be attenuated and none will reach the
ocean floor. The result will be a series of white lines across the entire width of the sub-
bottom profiler channel. Reducing the vessel’s speed will keep the pinger probe from
being pulled out of the water at the top of each wave. The pmger probe can be towed
inside the vessel's wake if the wake is sufficiently flat. ‘

. Relative Position of Hydrophone and Pinger Probe. In all cases, the hy-
drophone and pinger probe must be positioned side by side. As described above, the
hydrophone rejects axial acoustic energy and the pinger probe has an asymmetric lobe
(30° x 120°); therefore, the two transducers must be positioned as shown in Fig. 13.
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Fiz. 13. Hydrophone and pinger probe position.

If the separation between the pinger probe 2nd hyvdrophone ¢xceeds the
waler depth. the penetration will fade because less acoustic energy arrives at the hvdro-
phone. In shallow water. the transducers should be towed dose to the stern to reduce
thie separation between the hvdrophone and pinger probe.

Where possible. the pinger probe and hydrophone should be positioned
on opposite sdes of the wake. This practice will break up multiples and direct returns

(paragraph G) by attenuating the acoustic energy in the turhulence of the wake.

In shallow water. the pinger probe should be pulled doscr to the stern

to reduce the scparation.

d.  Deployment Configurations for Vessels of Various Sizes. The deploy- ¢
ment vonfiguration of the sub-bottom profiler can be modified to accommodate various
sizes of vessels. The optimum arrangement is a combination of many factors. as shown f

in Fig. 14. The following discussion outlines the rationale behind the configurations.
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(1) 30-Foot Boats or Less. The pinger probe and hydrophone should
be positioned on opposite sides of the wake (Fig. 15).

(2) 30-to 70-Foot Vessels. The two transducers should probably be !
towed on cne side of the vessel (Fig. 15). If the wake is sufficiently smooth, the
pinger probe may be towed behind the vessel.

(3) 100-Foot Ships. The pinger probe and hydrophone should usually
be towed on the same side of the vesscl and forward of the stern to avoid the wake. \,’
For navigational coordination, it is advisable to place the recorder in the wheel-
house. The limited length of cable available to reach the wheelhouse necessitates
towing the transducer alongside the vessel (Fig. 15).

e. Deployment of the Sub-Bottom Profiler. The following procedure
should be followed to deploy the sub-bottom profiler:

(1) The tow cable is tied off at the appropriate length and the pinger
probe is placed over the side of the vessel {Fig. 16). Care must be taken not to
pull the cable between the transducers and the Kellum grip. As the vessel moves
off slowly, the cable is paid out hand-over-hand. The vessel must be moved slowly
to kecp the pinger probe well aft and the cable out from under the vessel.

(2) The hydrophone is paid out hand-over-hand, starting with the tail.
The tail or any other part of the hydrophone must not be thrown into the water.
it will tangle.

f.  Retrieval of the Sub-Bottom Profiler.

(1) As the vessel comes to a gradual stop, the pinger probe is pulled in
and lifted over the side. Care must be taken to protect the transducers and the
cable connections on top of the transducers.

(2) The hydrophone can be retrieved last because it will hang straight :
down and presents no hazard to the vessel’s propeller or rudde . The hydrophone
is neutrally buoyant but sinks under the weight of the cable.

3. AUSE Deployment Sequence. }

a.  The recorder is mounted in the rack in the MSB shelter cabin and the |

nower cable connected to the batteriec (Fig. 17). 1
i

|
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b. The side scan sonar rack is mounted on the stermand tied to the cleats -

and the fish is placed in the rack and secured (Fig. 18). .

c. The hydrophone boom is mounted on the starboard rail (Fig. 19) and
the hydrophone and cable fed through the eye in'the end. The boom swings toward
the tow and rests on the gunwaies when net in use. The fixture is designed so that the,
force of the hydrophone under tow holds the boom out:to the side.

d. The pinger probe is placed ih the stern on the floor.
e.  The cables are connected to the recorder.

f.  Upon arrival at the survey site; the pingerl probes placed into the water
and 25 to 30 feet is paid out as the vessel moves off.
’ i
g.  The hydrophone is fed into the watter tail first. ‘When all the cable is out,
the boom is swung out to the side.

h.  The side scan sonar fish is tied off (Flg 20 and launched (Fig. 12).
Deep water deployment procedures may be necessary. f

i.  In fairly calm conditions a speed of 6 knots yields good gecords,
4. AUSE Recovery Sequence.

a.  If the side scan sonar cable length is greater than the water depth, the
fish is retrieved as the MSB slows as described above. The fish is placed i m the rack on

the stern. ‘

b.  The pinger probe is pulling in while the boat is moving ahead slowly or
stopped with the bow into the weather. :

c.  The hydrophone boom is swung in and the kydrophone lifted out of the
water.
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Operatsom 2nd Yaiatenance
1.  Operation.
a. Pacimg Recorder in Operation.

(1) After the recorder is placed in the MSB and the power cable is con-
necied to the batteries, the fid is Efted and propped up with the leg.

(2) A roll of paper is placed in the paper compartment o that the
paper feed: off the top of the roll. The end of the paper i drawn out of the com-

pariment and dipped theough the ot leading to the paper take-up compariment
(Fig. 215.

(3) The red is taken from the take-up compartment and the right end

removed.

(1) The paper is placed into the slot on the reel. The end of the red
is replaced and the recl twisted three or four times to roll enough paper on ts in-
surc that the paper will stay.

(5) Theleft end of the reel is placed into the ot in the paper take-up
compartment and the right end pressed into the corresponding bracket.

(6) The power switch is turned on and the paper take-up reel allowed
to take the dack out of the paper. The power switch is turned off.

(7) The thumb screws are turned to maximum height and the lid
closed and tightened.

(8) The writing mechanism is adjusted by turning on the recorder and
depressing and holding the Event mark. A dark line should appear across both
channcls. If it does not. the window in the lid is opcned and the thumbwhecl
turned until the dark line appears across the record. Lowering the helix blade
more than is necessary to cause even printing may cause excessive wear of the
helix strips and blades.

(9) The transducers are deployed and the instrument tuned.

b.  Tuning. To tune eithe: the side scan scnar or sub-hottom profiler:

(1) Tte initial gain is increased until the bottom appears on the record.

42




- - - - ~——y T ey e v — -

" ———— e 0 e\ e

Sdaa thUS Tl

Quantaiunaan paag sadeg 1w,
2d I R

43

WU AT NI

<

*raarerbist gt ORI 4 o

SRy

KRLSIBAOE:

..




(2) The shogae is mremeasnd to beime 2w thee maddic of the pesord.

@) The momail e i pomessed So b v the caler edee of the
sexondl.

Semee afl comtrods ane islernedated. il i mecesary 1o oo throast: the poo-
axdoane azin and neadgest the s2in: oot 2 lolance i neaded and the necoed i o -
form miemsity. Genexally. the secvnd adjstsent will require decreasme the mitial an
annd iereasioe the overall gain sashtly.

Rhen scarching 20 area for bage objects with refief above the bottom.
(€2 sunken vessels of rock outaroppings). the -.:ic scan sonar gain shoold be at such a
leved that the acoustic shadow i= ditinet, but not w0 high that the detadl i= obscured.

The sub-bottom profiler g2in must be high enough to reorive retums

from ali the byers within the sub-bottom. Excrsdve gain will darken the record and
obscure the subbottom laver acoustic signature.

Sediment characteristics change and may require frequent minos adist-
nxents of g2in to sive the best results.

c. Power Level Setting. Trarsmitting power depends on sediment charac-
teristics and operating conditions.

(1) Shallow Water. In water depths up 5 50 feet, both power level

swiiches (Fig. 9) should be in the OFF position. As the depth approaches approxi-

mately 90 feel. some combination of the switches will probably give the best re-
sults (Table I).

(2) Deep Water. In water in cxcess of 90 fect. both switches should
be in the ON position. This will give the maximum power output (% joule) and
compcensate for attenuation and spreading losses.

d. Transducer Configuration Adjustments. The following record phenom-
enz may he caused by the transducer towing arrangement. They may be abated or

eliminated by executing the recommended adjustments.

Record Causcs and Adjustment

Double bottom Hydrophone too deep: vessel speed should be in-
creased or hydrophone tow cable length decreased.

+1
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Rezoed Camuey ool Adstnsintt

Beokem dask faves. avronss Crmeod Bbn moter. Groomd andmamend finom prower

nacond «2blc fo arvel Sroczd plee or derw power finonn
Basterios rath »r fham ship power.

Dark Fooes paralied to amd Cansenl “~ dareet peien. Socnd soes dncetly from

st umder waler susfaoe Fmeer prob 1o hydrophone. Didana: between
waler 8 face anvd fine 25 twior the distzmor Between
the kyd ophone and pineer prote. The presence of
zdirer arnval i nol sevions. 1t may be climarated
by redacing the initial gain

Darkness between ocean Octan notse. reduce initial gain.

bottom and anface

Intermittent white streaks The pinger probe iz cither jumping out of the water

acr ==record or the transducer is being towed through turbulence.
Air under the transducer faces altenuates the out-
<oing signal. The pinger probe can be moved out
f the turbulence or the ve=<el speed reduced to
lessen the effect of the surface conditions.

Multiple echoes of the ocean Multiples are not usually sericis except when they

bottom coincide with sub-bottom lavers. Multiples may
be reduced. by lowering the gain or output power
level or placing the transducers on opposite sides
of the wake.

e.  Side Scan Sonar Adjustments. Darkness in water is usually caused by

the wake of the boat or signal reflecting off the bottom of the vessel. The fizh can be
lowerad or the other channel can be used.

2. Mamtenance.

a.  Qeaning Writing Mechanism. The writing mechanism is the only part
of the recorder that requires frequent maintenance. Fine paper particles collect on the
helix strip and prevent the current from passing between the helix strip and blade. The
result is white streaks (parallel to the center of the paper) which can be removed with
a damp sponge as shown in Fig. 22.
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Fig. 22. (lcaning the helix strip.

If the clearance between the helix strip and blade is too »mall. the paper
can be damaged to the point of causing holes in it. and keeping the helin strip clean is
more difficull. Proper dearance between the helin strip and blade will minimize the
problem.

b. Replacing the Helix Strip and Blade.

(1) If paper collects on the helix strip frequently and the quality of
the printing decreases. it may be necessary to change the helin strip. As the strip
ages, parts of it may become more flexible than others and it will be difficult to
adjust the helix blade height <o that it prints evenly without damaging the paper.
If the helix adjustment is correct. the helix strip should be expected to operate
more than 50 hours. y
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F.

Both helix strips must be replaced at the same time or the problem
will be compounded.

(2) Ifafinc light linc appears to move diagonally across the record.
thers may be a nick in the helix blade. Since the helix blade moves slowly to dis-

tnibule wear. the nick will move across the recora. The helix blade can be turned
over 1o diminale the problem.

(3) Alist of the most common problems and the causes are listed in
Table H.

Record Interpretation

L. Acoustic Signature Correlation. AUSE was deployed over a wide variety of

occan bottom and sub-bottom composition. The acoustic signatures on the record were
corvelated to the sediment core logs so that gencral sediment types can be identified
eventually by the acoustic signature without prior knowledge of the bottom.

The tests were conducted at the test sites shown in Appendix A.

Information on occan bottom conditions was also used to identify surface

-onditions with the side scan sonar. The side scan was also used near known natural
and manmade features so that they can be identified from the record.

2.  Side Scan Sonar.
a.  Target and Surface Identification.

(I) Read Record. The record is read most easily with the sub-bottom
profiler portion at the bottom and the side scan sonar across the top.

Since the datum line of the side scan sonar channel represents zero
time. it can be thought of as the transducer, since the signal is transmitted from
the transducer. Distances measured from the datum line represent the radial dis-
tance from the transducer. not the water surface.

The scanning effect is obtained by printing the signals across the
paper as they return. The closest target will appear first (near the inside of the
record) because its reflection is returned first and is printed at the beginning of

the sweep. Similarly, the farther targets will appear near the edge of the record.
since they are received near the end of the sweep.
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Table II. Troubleshooting Chart

Problem

Cause and Solution

@

e

&

10.

11.

No signal return on either channel

(scale lines and event mark present:

all PCB in place).

No signal returns on one chnnel.

No scale lines

a.  On one channel.
b.  Both channels.

No event mark

a.  On one channel.
b.  Both channels.
No TVG control.

No motor, no lights.
Motor operates, no printing.
Black over entire record.

No printing, no scale lines on
starboard channel.

No printing, noscale lines on
port channel.

Persistent fuse failure.

No scale lines, dots moving across
the record. Dark band at center

of record.

Use Built-In Test to determine if transducers are trans-
mitting. Replace transducer driver cards.

Insure that relay board is tight or replace the relay
board (J6).

Replace trigger board (J3).

Aprly input Built-In Test. If no response (light line),
replace sonar amplifier board for that channel (J7, 8,

9).

Replace print amplifier for that side.
Check fuse for that amplifier.

Replace trigger/scale line generator card.
Check +15-volt fuses.

Replace print amplifier for that channel (J2, J3).
Replace +15-volt fuse.

Check negative ramp generator board. The TVG
switch on this card must be pointing away from the
operator for TVG to operate.

Replace negative ramp generator board.
Check 8-amp fuse (F1).

Check +15-volt fuse (F2).

Check -15-volt fuse (F3).

Check fuse (F4).

Check fuse (I'5).

Pull all PCBs and replace one at a time to identify the
PCB that is the source of the problem.

If all PCB are good, but fuses continue to fail, power
supply is the problem.

Trigger lamp or helix drum is burnt out.
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The ciean bottom is usually the first to be printed. That bottom
profile will be the same as that seen on the sub-bottom profiler.

When the fish is towed close to the surface, the vessel’s hull and
wake may appear as a fuzzy line between the datum and the ocean bottom.

(2) Acoustic Shadow. Features having relief above the occan floor
block the outgoing beam so that the area immediately behind the feature is not
insonified. This area is called the acoustic shadow and appears as a light area on
the record. The outline of the acoustic shadow is analogous to the profile of the
feature and may aid in its identification.

The acoustic shadow is used to calculate the height of the feature
above the ocean floor. This method is described later.

(3) Manmade Objects. Manmade objects such as sunken ships are ang-
ular and have an acoustic shadow. Ships and barges, usually made of steel, leave a
dense, dark signature.

Figure 23 shows auto bodies that were placed on the ocean floor
as a fish haven. It is noted that: the targets are a marked change from the flat bot-
tom around them; an acoustic shadow behind the auto bodies indicates relief;
and the targets are dark and small, indicating a highly reflective, small object.

An object such as a piling (Fig. 24) will appear as a dot and may
have a parabolic signature trailing behind. The parabolic signature indicates that
the object is small and reflects energy that impinges on it from the edge of the
beam,

(4) Sand Bottom. Sand is characterized by a light, smooth, slightly
granular texture., Sand has sufficient strength to form wavelets when acted upon
by current. Dredge cuts or anchor drag marks will appear with somewhat well-
defined edges. Figure 25 shows a sand bottom with sand wavelets and a dredge
cut with defined edges.

(5) Mud Bottom. Soft sediments, referred to collectively as mud, ap-
pear smooth, featureless, and somewhat dark. Mud does not have sufficient
strength to form wavelets, Anchor drag marks. cuts, or mounds will appear to
have rounded edges as will the acoustic shadows (Fig. 26).

(6) Rock. Rock arcas appear dark and coarse in textuie with discrete
point targets and acoustic shadows hehind cach. Figure 27 shows a rocky hottom

49

B PR O OV SIS e 3 Snsebad et cnd e tincammntadestoihetne s el e temece

s bt




“UDARY YSLJ—PI002E DNSN0dY "¢T "B1y]

i

W01108 NV320
S YA :.ﬁ”. ,fmm.ﬁnw —

$31008 010V

PSRRI YR

AERIZLHAWEL

e

30V3HNS NVID0 *

HVYNOS NV

‘.‘.:Ei’ A ;
. . :

50

‘R4 K

$31008 0LV

5w W
L)
_
.
"




Sy T A2 S o

e s T CL S - . - et i e e e

‘louung,-03pug Legl oyrodesayn—plosas WsNody g By

LR SN I N o

ro— e

e~

B (U3iVA:M0138) ONVT

k-

e

RO S didlds o

Lyl Ey v o AP 4T

Sl el

o7

LA
P

?
g

¥
&)
3




3
' H
1
]
. i
X
:{?“<;‘f‘ . 1
i
i
' j
! ) T - -
1 H * ! H
; | SIDE SCAN SONAR
r's H o ,'
OCEAN SURFACE ' ' i
! C }
i 1
. q
{
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adjacent to a sandy onc. The rock bottom is rough in appearance, whereas the
sand is smoother and has small sand wavelets.

Figure 24 shows the submerged portion of a rock manmade island.
Riprap was placed around the bridge pilings to prevent scouring. The riprap shows

up as a dark area. The acoustic shadow shows the rugged profile of the rock.
b. Target Dimensions.

(1) Spot Size. A graphic recorder such as the vne incorporated in
AUSE can display data with details as small as 1/50 inch. That is defined as the

spot size and is also the smallest detail that can be detected with the human eye.

I R,

- (1)

5= 50 X Channei width

where S = spot size

R.= range scale (150, 300, 600 fect)
Since the width of one channel on the recorder is 5 inches, the
spot size for the 150-foot range scale is

150 feet
X

= 0.6 feet
50 Sinch  D-0fce

Therefore, no detail less than 0.6 feet can be displayed by the re-

corder. The spot size for the 300- and 600-foot scale is 1.2 feet and 2.4 feet,
respectively.

(2) Range Resolution. Range resolution is the accuracy with which
the side scan sonar can determine distances perpendicular to the vessel’s path.
Theoretically, an acoustic device should have a resolution of one-half the trans-
mitted wavelength. Since the side scan is a 105-kHz device and the velocity of
sound in water is approximately 5000 feet per second, the wavelength (N) is

= D0001ps 4 05 feet
105,000 1z

Therefore, the theoretical resolution is 0.025 feet. Since this is
lezs than the spot size, the vesolution is considered equal to the spot size. The
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spot size of the recorder. not the wavelength of the transmitted frequency, is the
limiting factor of the resclution of the equipment.

The range resolution depends on the range scale and. to some ex-
tent. the “arget strength. and is independent of the distance to the targel or the
vessel’s speed.

The definition of the edges of the target could be in error as much
as % A on both the near and far edges of the target as discussed above. The distance.
A. must be subtracted from the recorded image to give the true dimension. Since
the spot size is the controlling factor rather than the wavelength. the spot size is
subtracted from the recorded dimension.

IR
_ S 51
Dr - —5— - S .2)
where  D_ = truerange dimension of the target (feet)
I = dimension of the image on the record (inches)
R, = range scale
S = spotsize (Table HI)

R,
The quantity (=5) is called the range scale conversion factor and is
5 o}

used to convert the dimensions on the record to the true length of the target.

The spot size is small and can be deleted {rom the calculations in
MANY Ccases.

Table HI. Spot Size and Paper Rate

Range Scale Spot Size Paper Rate
R_(ft) S (ft) Ry (in./min)
150 0.6 5.0
300 i.2 2.5
600 2.1 .25
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(3) Angular Resolution. Angular resolution refers to the determination
of target dimensions paralicl to the path of the vessel. It is a function of beam-
width. target strength, and vessel specd.

The beamwidth (actually a combination of the transmit and reccive
beamwidths) is considered to be 1° wide horizontally with a 3-decibel decline at
1%° to cither side of the center of the beam. A strong target, one that reflects much
of the energy that impinges upon ii. will return encrgy from the edges of the beam
(outside the 4°, 3-decibel limit). whereas a weaker target will not. The target will
appear to be larger than it actually is. Gairs should be kept low to minimize the
effect.

A 1° beam will widen as it travels from the transducer, as shown in
Fig. 28. Some energy is reflected back to the transducer after the center of the
beam has passed the object. Therefore, the object will appear to be larger by one-
half of a beamwidth at each end.

The true size of the target will be

D, =1-B 3)
where D, = true dimension in the direction parallel to the
direction of the vessel’s travel
I = image dimension
B = beamwidth (see Fig. 28).

The angular scale conversion factor is derived using the basic equa-
tion of lincar motion rate multiplied by time is equal to distance.

The rate at which the transducer moves past a target is equal to

/ =
\gt L

g
where Vg = velocity of the vessel over the occan floor.
l,g = length on the ground traversed in time, t.
t = time.

The same area is recorded on the recorder chart.
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b Fig. 28. Beamwidth.

Therefore,

Rt=1L

r r

=
!

r = rate at which the paper moves out of the recorder (Table IIT).

L. = length on the record traversed in time, t.

' Since AUSE is a real-time instrument, the times, t, in the equations

are set equal to obtain a ratio between the actual target size and the recorded tar-
l i
get stze.
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£ =L
\’g R,

v
Lg = eri{-&

4

The term —£ is the angular scale conversion factor. Substituting the above factor
r

into equation 3,

Vv
D. =L -£-B 4)
R'I'

To detect targets at a great distance from the vessel, it is advantage-
ous to decrease the vessel’s speed so that the smaller targets are printed larger than
they would be at a greater speed.

If a target is so small that only one pulse is reflected from it, it will
appear as a dot on the record. Only its presence, rather than its dimensions, can
be determined.

(4) Oblique Dimensions. The dimensions of targets lying oblique to
the vessel’s path must be calculated by resolving the target dimensions into com-
ponents in the range and angular directions and obtaining the vector sum. This is
necessary because two time scales are present on the perpendicular directions of
the record. Referring to Fig. 29,

Ly = fl +T:,

Wp =W, +W,

1t

where Ly, Wq true length and width, respectively

Ly, W, = length and width components perpendicular to the
vessel’s path (angular direction)
L,, W, = length and width components parallel to the vessel’s

path (range direction)
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Fig. 29. Oblique targets.

Referring to equations 2 and 4,

LT=/ (ng-g—8>z+(L,%-S>2 5)

L} Wy =/ (w2 -;3-8)2 - (w, ’_is -s)2 (6)
3

(5) Height of Targets. The height of a target can be determined by
using a simple geometric relationship. Referring to Fig. 30(a),

h_ W
r R+r
_rH
h = R (7)
b where  h = height of the target
)
r =

length of the acousiic shadow measured from the record (inches)
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Fig. 30(a). Relief of a target above the ocean floor.

R = distance to the target on the record (inches)
H = height of the transducer above the bottom of the record (inches)

Applying the range scale conversion factor to equation 7,

() (39

where the height of the target (h) is in feet.

The height of targets at an oblique angle to the vessel’s path can be
determined in (he following way.

&_A

Figure 30(b) represents one channel of a side scan sonar record,
showing a target at an ar ‘le to the vessel’s path. The height of the target is calcu-
lated as follows:

Using equations 5, 6, 8,

P -3
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R, i
b= r—%_i_) (10)
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SHADOW

Fig. 30(b). Relief of oblique target.

(6) Lateral Distance. The distances measured on the record perpendicu-

lar to the centerline are radial distances from the transducer to the target. The
lateral distance from a point on the occan bottom directly below the transducer to
the target is calculated in the following manner.

Referring to Fig. 31,

d? = N2 +4?
d, = fd2 e (1
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dy

Fig. 31. Radial-lateral distance relationship.

where  d; = lateral distance from a point on the ocean bottom below
the transducer to the target.
H = height of the transducer above the ocean bottom as measured
from the record (inches).
d. = radial distance to the farthest point of the target on the

record (inches).

Applying the range scale conversion factor to equation 11,

dL=[\/_d_r"-H2](RES-S) (12)

The relationship between the radial and lateral distances is shown
in Fig. 32. Itis noted that the difference between the two distances is small when
the transducer is close to the ocean floor.

¢.  Transducer Depth and Water Depth Measurements. The centerline of
the record represents the transducer where the signal originates. Since the fish is not at
the surface, the centerline does not represent the water surface as it does for the
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subr-bottom profiler. Since the occan bottom dircctly under the transducer is the clos-
st tarecl. it is the first to be printed. The height (H) of the transducer above the occan
floor can therefore be measured from the record as shown in Fig. 33.

T ]

Fig. 33. Height of side scan sonar fish above the ocean bottom.

When the side scan sonar fish is towed under the boat. the signal will re-
flect off the hull 2nd wake of the vessel and appear on the record.

Referring to Fiz. 33. T t= the depth of the transducer below the surface.
The cum of H 2nd T is the water depth. Applving the range scale conversion factor.

Water depth = (T+H) (%s) )

P

Thas fizure czn be dheckcd with the water depth cbizined from the sub-
boltowm profder.

3. SebBsiiom Proffer.
2 Rewlution. The smdensth of the subdettom profider 2
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The theeretical resolution is equal to one-half the wavelength, or 0.5
fect. Because of the limitations discussed above, the actual resolution is equal to lhe
spot size of the records (Table I1I). S

b. Multiple Reflections. A'multiple reflection occurs when the signal trans-
mitted by the pinger probe reflécts back and forth between the ocean bottom and the
water’s surface several times before being received at the hydrophone. Since a pulse
traveling that path requires two, three. or more times longer to reach the hydrophone
than a pulse reflecting from the ocean bottom and going directly to the hydrophone.
the signature of ocean bottom will appear several times on the record. Each is called a
multiple because it is located at a distance from the water suiface equal to an even mul-
tiplc of the water depth. The presence of multiples is of no concetn unless the water is °

so shallow that the multiples ceincide with sub-bottom layer signatures. Multiples may
be eliminated by placing the pinger probe and hydrophone on opposite sides of the
wake so that the turbulence will attenuate the pulses that reflect on the water’s surface
betwr.cn the pinger probie and hydrophone.

c. Direct Returns. A direct return is produced by a‘pulse traveling directly
between the pinger probe and hydrophone without reflecting off the oceanbottom. It
appears as a line paraliel to and just below the water’s surface on the record. This line
represents twice the distance between the pinger probe and the hydrophone. It cah be -
used in the calculations to determine the actual water depth from thc suk-bottom pro-
filer record.

d. Water Depth Determination. A pulsc from the sub-bottom profiler can
be thouzht to follow the path shown in Fig. 34. The water depth indicated on the
record (d;) 12 somewhat greater than the actual depth (d). Using the equation

the 2ctual water depth is oqual to

a-Ja:. ¥

\l' 1 1

nhege Sp o the In drophone janser prole sparatson.
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Fig. 34. Effect of transducer scparation on recorded water depth.

If the scparation of the hydrophone and pinger probe is taken from the
record (i.e., direct return). the above equation becomes

/.. 3P
= d? - =
d ' 16

Figure 35 shows the cffect of separation on the indicated waer depth.
e. ldentification of Sub-Bottom Sediment Lavers.
(1) Descriptions of Acoustic Signatures of General Sediment Types.

(a) Sand.

- e

L. A sand bottom 1= 2 dark. thin lin with cven licht beoun
undemeath

2 The fud multiple 2+ 2 harp Inw. Boraue cand 1- 2 seod
reflertar. these o be more than one multaple.
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4.  Asilty sand bottom appears as a dark sharp line with a
light granular area underneath.

(b) Mud.

1. A mud bottom is charactcrized by a diffuse line. The
arca under the bottom is dark and there is no apparent distinction be-
tween the ocean bottom and the area immediately underneath. The

acoustic signaturc of mud may be considered a “volume™ reflection
rather than a surface reflection.

2. A mud sub-bottom layer appears the same as a mud

bottom.

(c) Clay. A clay bottom or interface appears as a dark line much
the same as a sand bottom. The area immediately under the clay bottom line
will be somewhat darke: than the arca immediately under a sand bottom line.

(d) Rock. Arock bottom appears rough and irregular. The arca
under the bottom is dark and there is no apparent penetration.

(e) Coral.

1. The acoustic signature of coral heads is the same as rock
on both the sub-bottom profiler and the side scan sonar. Coral occurs
in specific arcas where rocks are ~ut asually present. The coral in some
areas is =0 hard that it is marked as rock on nautical charts.

2 Some coral arcas appear the same as compact sand. Since

the EEA can be deploved successfully in cither. there is no need to dis
tinguish between the two.

(2) Qualitative Distinction.

(3) Beczuer sand is 2 20046 reflector of acoustic energy . the sub-
bottom intcriaces under sand wiil not zppear to be strong.

(b) Berzuer mud transmts acvadic eoorzy well. the seb-bottom
mierizons under mod will 2ppear to be drone.

(e)  Guitsgde reflertauns of botiom wdimneat zre

L

P

™

i : DA AT SR RS SRR 2 Wi
- 'WWWW




1. Sand-sharp linc with several multiples.

2. Mud-diffuse line with dark area underneath. Generally
not more than one multiple.

3. Clay—sharp line with dark arca undernecath.
4. Rock~—pronounced first multiple.

(3) Sub-Bottom Sediment Identification Chart. The above descriptions
have been organized in chart form and apnear in Fig. 36. The chart is entered at
the top and the appropriate lines followed in accordance with determinations made
while analyzing the sub-bottom profiler records.

G. Engineering Design Tests.

AUSE was tested at a number of sites on the east coast of the United St~tes. A
detailed discussion of each test would not be useful, but the pertinent points of these
test “ .jow.

1. Modification to Circuitry. During the operator training course and tests in
the Chesapeake Bay mouth, it was noted that the acoustic signatures appearing on the
rccord were printed as a series of finc lines close together rather than one wider line.
Althcugh this is advantageous in detecting fine details in the stratigraphys, it lessens the
operator’s ability to identify gencral sediment types.

The circuitry of AUSE was modified to give the desired width of acoustic
signaturc. A potentiometer was added to the circuit so that the appearance of the sig-
nature could be altered for a geophysical survey. for example. where detail is desired.
Extreme care must be exercised in retuming the potentiometer to the proper setting or
the interpretation of the recorder over bottoms where no previous sub-bottom informa-
tion exist< will be difficult.

2.  Depressor Test. The cffects of the depressor on the side scan sonar trans
ducer were de termined during a test at Kev Wedt. Florida.

The :ide scan sonar transducer was deploved on 120 feet of cable without a
depressor. At speeds of 5 1o T knols. the ratio of the Sde scan transducer depth to the
water depth i approvimatehs 0.1. The 2ddition of 2 depressor 2* the midpoint of the
c2bde 2nd ome at the transduors moreases the rabio to 2pprovimatehs 0.2 1o 0.5, There
{ore. (b depth of the sde sran fich can be wereawed from tuo 1o for imes with 2
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depressor. Decreasing the vessel’s speed will increase the ratio in addition to the figure
cited above.

At 5 to 7 knots, the cable tension was approximately 150 to 175 pounds.
The weight of the transducer and depressors in water is approximately 60 pounds.

3. Shipping Chests. Military Standard wooden shipping chests for the equip-
ment were supplicd by EG&G under th terms of the contract. Shock and vibration tests
were to be performed on the chests to determine their ability to protect the equipment.

The side scan sonar and pinger probe chests were so weakened by air freight
shipment to several EDT sites before the test that they were not tested for fear that the
equipment might be damaged. The recorder chest was tested by Associated Testing
Laboratories. Inc., Burlington, Massachusetts, and sustained minimal damage. The re-
corder appcared to sustain no damage.

The handles on all three chests were not of the spring-loaded type (the type
specified by the contract) and most had been pulled off during shipment and were miss-
ing at the time of the test.

4. Motor Surf Boat Leakage. During all EDT conducted in rough and windy
conditions. water leaked into the shelter cabin of the MSB through the occan between
the giiiwales and the shelter cabin and through the hatch. While this condition does
not limit or climinate the operation of the equipment. it does detract from the comfort
of the operator.

H. Survey Procedures

1. Tactical (Normal). A tactical survey (norr.al) is a survey performed in sup-
port of the Multi-Leg Tanker Mooring Svstem for which sufficient time is available to

perform all steps of the survey thoronghly.
a. Concept.

(1) Side Scan Sonar Survey. The large arca offshore from the beach
head (Fig. 37) will be sunveved with the side ~can sonar (600-fool xcale) to lorate
any huzard- to navigation in the mooring or itz approaches. Approxvimately $5.600
fert of ocean bottom will be sineved. At a speed of 5 hnots_the wney will re-

quire approumaiels 1.5 hours to complete.

(2) SubBoltom Profiler Sunes. If the area v~ free of ohdructions. 2

<mnail prortiem oof the r2 dowrdt 1o dotr 10 un ey ad i detad with the <ubs beottom
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profiler. This is the area where the Multi-Leg Mooring System will be deployed.
The time required for this survey is approximately 25 minutes.

(3) Position Control. An AN/PPS-5 radar set onshore plots the course
of the Motor Surf Boat. The radar operator will radio course corrections to the
MSB operator to insure that the boat remains on course.

Sir : the AN/PPS-5 radar sct is a range-azimuth type instrument, ;
the operator must read both the range to the MSB and the angle between the MSB ;
and some arbitrary baseline. The rate at which readings can be taken (i.e., the po-
sition plotted) can be increased by using a radial survey layout in which the MSB
travels along a given azimuth line. The radar operator must determine only the
range from the radar sct to the MSB and give course corrections as necessary if the
MSB deviates from the azimuth line.

Once a minute, the position of the MSB is marked with a number :
on the plotting board auid that number radioed to the MSB. The event marker on :
the recorder is depressed and the number noted on the margin of the record next
to the event mark line. A direct correlation is thereby established between a fea-
ture on the record and its position on the ocean bottom.

b.  Survey Site Layout. The dimensions and layout of the survey site are \
az follows (Fig. 37).

(1) Seaward Boundary. The scaward boundary of the survey site is
defined as the 120-fool water depth contour or 5000 feet from shore. whichever i
occurs first.

The 120-foot depth limit is the maximum practicable operating
depth of the scuba divers who are essential participants in the deplovment of the
Multi-Leg Tanher Mooring Svstem. The 5000-foot imit is the maximum distance
off-<hore that can be reached by the tactical pipeline that will service the tanker. {

(2) Near-Shore Boundary. The near-shore boundary is the 25-foot

waler depth contour. Studies have shown that depth to occur at an averaee of
p I

1920 feet offshore from the beaches under consideration for militan operations.

(3) Ridth. The width of the entise suney <ite i< equal to the length
of the adjacent beachbead, <tudi < vave Jioun that the average length of the

Iraches under conaderatson 1.2 mmiles,




.

(4) Mooring Area. The smaller area that is surveyed in detail with the
sub-bottom profiler is a rectangle of 1700 feet by 800 feet. This area should be as
close as possible to the near-shore boundary, but it may be placed anywhere with-
in the survey area to obtain the desired bottom and sub-bottom conditions.

(5) Side Scan Sonar Survey Layout.

(a) Side Scan Sonar Search. The survey lines should be approxi-
mately 10° apart (Fig. 37). This will allow a 200-foot overlap of the records
of two adjacent lines at the boundaries and full overlap near the bottom and
center. The MSB, therefore, can deviate 100 feet in opposite directions on
adjacent lines and full coverage will be maintained.

(b) Sub-Bottom Profiler. To obtain a high concentration of sub-
bottom composition information, the survey lines should be approximatcly
200 feet apart at the farthest point. Following azimuth lines approximately
5° apart will provide adequate spacing.

c. Data Mapping. For ease of planning and quick reference, the informa-
tion obtained from the surveys can be marked on the plotting board used by the radar
operator.

(1) Side Scan Sonar. All obstructions detected by the side scan sonar
will probably be of two types and should be marked accordingly:

(a) Navigational Hazards. Obstructions of sufficient size to dam-
age a vessel should be marked and the clearance over them noted.

(b) Debris. Arcas of dekris and rocks should be noted so that
EEA will not be fired or the pipeline instalied in that arca.

(2) Sub-Bottom Profiler. As the records are interpreted. points on
cach suney line where satisfactory sediments are not at least 12 feet deep should
be marked. After all the records have been interpreted. a line can be drawn
through all the points and the arca of inadequate sediment conditions enclosed
and marhed

2 Tactical (Hety). \ lactical sumvey (hasty) 1s a eney performed in support

of the Mults-Irg Tanher Mooring > stem it which time requisements or adverse carcum-

tanee have dielated that 2 eomeplete suney not be performed imtially and that con-
ruction bemn immediatels
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a. Concept. In asituation where the shortage of time is critical, the side
scan sonar survey can be delayed or foregone entircly and the actual mooring site sur-
veyed with the sub-bottom profiler and side scan sonar.

There arc inherent risks in this method since nothing is known about
the area outside the actual mooring site, and it is possible that a subscquent side scan
survey might limit or climinate the site.

b. Survey. The survey is conducted by following the lines in the smaller
area in Fig. 37, The area that the MSB has not yet entered should be printed on the
side scan sonar. This is accomplished by setting the Mode Switch at the beginning of
cach line so that the side scan sonar is “looking™ toward the position of the mooring
sitc that has not yet been surveyed. This procedure will warn the MSB operator of
hazards.

Position control and data mapping procedures are the same as above.

3. General Side Scan Sonar Search (Administrative or Non-Military). Described
below is a general procd dure that can be followed when the side scan sonar is deployed
in a non-tactical situation (e.g., Engineer Districts). It is assumed that a commercial
range-range radar positioning system is used and that a rectangular survey grid is there-
fore in order.

In searching for a medium size object (e.g., sunken boat), the 300-foot or
600-foot scale may be used. Since the transmitted heam is narrow closc to the trans-
ducer. it would be possible to miss a medium size target located within the inncr one-
third of the record. To provide 100 percent coverage and insure that the target will not
be niissed, the survey lines should be parallel and alternately spaced 1000 feet and 200
feet apart (for the 600-foot scalc). Thix provides overlapping beam patterns in the inner
one-third of the record (Fig. 38).

I.  AUSE Operator Training and Uii‘ization

I.  Operator T:aining Course. A training course was conducted by EG&G to in-
struet enlisted Soils Analysts (MOS 51G) in the use of AUSE and assess their ability to
operate the equipment and interpiet the records.

Two Soil: Analvsls were driailed to USAMERDC from the U. S Army Eng-
neer School Brigade for the traming rourse and used on an intermittent basis thereafter.
Because of a troop «treagth reduction bring imposed at that time. difficults was encoun-

tered in oblaimng the deared number of Soils Analy st with 2 vareiv of hackeound..
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Fig. 38. General side scan sonar scarch pattern.

The educational level was somewhat higher than the typical Soils Analysts who might
be trained to operate the equipment.

The manual writer responsible for the comgilation of the technical manual
for the AUSE aizo parti-ipated in the training course.

a.  Training Course Structure. The training course v:as intended to be ap-
proximately 10 davs. 1t was found that only 6 to 7 dayvs were necessany to eomor the
malerials thoreughly hut without repetition.

Approvimatels 2 day < were spent familiarizing the <tudent wiih the
equipmeat and evplaiting the function of the controls. The net 3 dave were pent n
“hand-on™ tianing < that the dudent could benefit from operating the equipment on
arewed. Dunng 2 seeond das woson. cpeafic quetions were addrewed and the

e srhhiaa e Crdrd Y AR X b L6t

Tl T hovidT

SXA TR AN

AL

PR .

A vl

Sy



fundamentals reemphasized and expanded in light of the shipboard experience. The
course outline is shown in Appendix F.

Alternate classroom and shlpboard training sessions were useful because
it was found that the students understood the equipment much better:after operating it.
i

b. Conduct of the Training Course. The classroom p()rthﬂ of the' training
course was held at the Environmental Equipment Division of EG&G i1 Waltham, Massa-
chusetts, where classroom and laboratory facilities were made available. A test tank
filled with water of standard salient was used to demonstrate some aspects of the
equipment. , ! .

The shipboard portion of the training coufse was conducted aboard the
motor yacht Sca Legs out of Marblehead, Massachusetts. Records were taken in Salem
and Boston Harbors and along the coast between Boston and Gloucester, Massachusetts.

A variety of ocean bottom and sub- bottom conditions are available in these areas. Pene- -

trations in excess of 100 feet were obtained on the softer bottoms in that area. Thcl

side scan sonar detected extensive rock bottoms. ’ .

The side scan sonar transducer was lost one-half nautical mile off Glou-
cester in 75 feet of water (42° 35.07'N, 70° 38.2'W). Lobster traps are tied together in
groups of 15 to 20, and the end traps marked with a buoy and linc. A marker buoy line
apparently became wrapped around the side scan sonar transducer tow cable and the ex-
treme weight of the traps caused the cable to fail. The record shows that the fish was
pulled down just before the cable failed. A diver from Gloucester was taken to the area,
but the transducer could not he found. Although visibility was good, strong burronts
hampered search efforts. ‘ :

c.  Results and Evaluation of the Training Course. Thc tgllowing remarks

pertain to the training course and should be applied to the organization of future cburses:

(1) Sample records should be available during the course so that the
students can identify the various bottom sediments. ‘

(2) Simplified block diagrams of the circuijtry should be used,

J . .
(3) Technical aspects of the equipment should be limited. Practical

applications are of more use to the student. ,

(4) Classroom training should be limited; chlpboard *hands-on” ex-
perience is the most valuable phase of training.
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(5) Printed circuit boards with known malfunctions should be used so
that the student can practice troubleshooting the equipni©nt.

(6) The shipboard portion of the training should be conducted over
known bottoms where a variety of sediments can be found.

The trainees felt that they could tell what the bottom sediments were
with the help of the side scan sonar. They were not sure of their ability to distinguish

+ the various sub-bottoms. That, however, was not emphasized during training, because

the circuitry was going to be modified to give a different acoustic signature.

The course must be short and thorough to keep the students’ interest.
Excessive classroom training becomes repetitive and extensive collection of records be-
comes nonproductive and boring.

The experience of the operator appears to he the single most important
factor in the successful deployment of AUSE. Therefore, a short, thorough training
course followed by actual geophysical surveys for Army agencies appears to be the
most productive means of training an operator and maintaining his proficiency.

2. Civil Works Assistance Surveys. As stated above, operator experience is the
key to successful deployment of AUSE. To provide the AUSE operator with the op-
portunity to practice and improve his skill outside the classroom, sub-bottom profiler
surveys were arranged with several Districts of the U. S. Army Corps of Engincers.
The surveys were conducted to:

a. Collect records over known ocean botioms for further correlation of
the acoustic records.

b.  Provide the operator with the opportunity to collect and interpret
records.

c¢.  lLstablish the effectiveness of the enlisted personnel as sonar operators
and 1o assess the merits of the Soils Analysts (MOS 51G), in particular, as operators.

d.  Support the Civil Works programs of various District Engineers.

A number of Districis were contacted and a survey was performed for the Wilmington
District in November 1971, The survey included parts of the Cape Fear River and the
Atlantic Intracoastal Waterway. A large quantity of useful information was collected
in'support of & project to increase the depth of those two waterways.
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3. Survey of Utilization by Army Agencies. Equipment such as AUSE is used
commercially in sand inventories, predredging surveys, harbor facilities preconstruction
surveys, and search and salvage operations. In addition to its intended military mission,
AUSE could be used by the Army for:

a. Emergency Search and Salvage Operations. The prototype AUSE was
deployed in November 1970 at the request of the Philadelphia District of Army Corps
of Enginecrs when a vessel sank in the Delaware River and was considered a hazard to
shipping. The AUSE was under test in the Santa Barbara (California) Channel, and was '
transported to the Delaware River where it was successful in locating the vessel. AUSE
has the advantage of being lightweight, compact, and easily transported, and it can be
operated from a vessel of any size.

It is estimated that the use of side scan sonar in place of conventional
fathometer methods reduces the search time by 95 percent.

b.  Short Geophysical Surveys as Part of Larger Construction Projects.
Frequently, a small amount of geophysical work is required in support of a larger con- i
struction project. AUSE could provide these services on short lead time and at low ;
cost. Short surveys, though often very beneficial to the overall project, are relatively
expensive when contracted for through a commercial firm. 1

To determine the demand for this type of service, letters of inquiry
were sent to 23 Engincer Districts and Agencies that have jurisdiction over major water-
ways and could use AUSE in the future. The responses indicate that the equipment
might be used 60 to 100 days per year. The cstimates of use are based primarily on
past use. It is difficult, in some cases, to predict future use for some projects.

1. EXPLOSIVE EMBEDMENT PENETROMETER
A.  Concept

The Explosive Embedment Penetrometer (EEP) provides a “‘physical handle™ on
the sediment strength at a point on the ocean floor and determines the suitability for :
the deployment of the XM-200/XM-50 Explosive Embedment Anchor (EEA). This is y
accomplished by propelling a fluked projectile into the ocean floor and measuring the
penetration and the force required to extract it.

A correlation between the penetration and extraction force of the EEP and the

penetration and holding power (i.e., performance) of the XM-200/XM-50 FEA. can be
established and used in the future to prediet the performance of the EEA.
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The EEP assembly consists of cylindrical three-legged 1 ame apgroximately 242
feet tall and 1 foot in diameter, with a gun barrel mounted , . Jsw¢ center of the legs.
The shank of the projectile (penetrometer) is placed in the barrel and the projectile
propelled into the ocean sediments (rock excluded) by a cartridge that is detonated
automatically (Fig. 39) when the gunstand contacts the ocean floor. A hydraulic winch
on the stern of 5 25-foot Coast Guard Motor Surf Boat (MSB) pulls the projectile out
of the sediment as a tensiometer-footage counter measures the extraction force and the
penetration.

In June 1970, a contract (DAAK02-70-C-0638) was awarded to Magnavox Systems,
Inc. to develop equipment to test the feasibility of the EEP concept. During a test (Sep-
tember 1970) in the Potomac River, it was demonstrated to be a reasonable and simple
approach to the problem of assessing the sediment suitability at a specific location for
the deployment of the EEA. Based on the results of that test, an additional contract
(DAAKO02-71-C-0274) was awarded to the Magnavox Systems, Inc. to fabricate two
gunstands and 100 projectiles (penetrometers). The first 30 projectiles were delivered
witk 6-inch flukes, and a test program was conducted in the Chesapeake Bay mouth to
determine the fluke length that would yield the optimum spread of extract forcesin a
wide range of sediment stiffness.

Based on the findings, the remaining 70 penetrometers were delivered to
USAMERDC with a fluke length of 1-1/8 inches. Forty-five of these were designated
for additional EDT by USAMERDC and the remaining 25 were reserved for the use of
the Test and Evaluation Command during testing of the Multi-Leg Tanker Mooring
System.

For the feasibility test (September 1970), USAMERDC purchased from Magnavox
10 penetrometers with 3-inch flukes, a hydraulic winch with deck mounting frame, and
a tensiometer-footage counter. Using this equipment, Magnavox engineers fired the
penctrometers into the Potomac River using a gunstand furnished by Magnavox.

The system components purchased for the feasibility test were redesigned as a
result of more rigorous tests (paragraph 11 D).

B. Descriptio:. of Equipment.
All components of the EEP ae shown in Fig. 40. No modification of the 25-foot

Coast Guard Motor Surf Boat is required to mount the equipment. Description and
operation of the individual components follow.
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g, 40. Explosive embedment penetrometer configuration.
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1. Gunstand.

a.  Operation. The gunstand (Fig. 41) is a three-legged cylindrical frame
that transports to the ocean floor the penetrometer projectile and the mechanisms ne-
cessary to propel it into the sediments. When one of its legs contacts the ocean floor,
it displaces a triangular trigger plate on the top end o7 the gunstand. As this plate moves,
it trips the trigger lever on the mecha-ical firing mechanism, detonating the propellant
cartridge in the upper end of the barrel. The shank of the penetrometer projectile is in-
serted in the lower end of the barrel and held in place by a shear screw. Upen detena
tion, the shear screw fails and-the projectile is propelled into the ocean bottom.

A 35-foot serve cable connects the projectiie to the gunstand. The cable
is coiled into a cable pack and is pulled out as the projectile penetrates the ocean floor.
The serve cable is connected to the gunstand through a shear pin. If the projectile ~an-
not be extracted from the ocean floor, the shear pin fails and the gunstand is retricved.

b.  Basic Parts. The three basic parts of the gunstand are:

(1) Legs. The legs have disc pads on the ends to spread the weight of
the gunstand on contact with the soft ocean floor and create enough force to trig-
ger the firing mechanism. The upper ends of the legs terminate in the triangular
irigger plate. They are spring biased o hold them down and away from the trigger
lever. Vertical travel of the legs is restricted by collars which keep the trigger plate
from pushin, the trigger lever further than necessary and damaging the firing
mechanism.

Leg guards run the length of the gunstand and protect the legs
from rough handling during deployment and retrieval.

C-ring reinforcements connect the legs at two points. The reinforce-
ment rings resist the spreading force on the legs that is created by the muzzle blast.
The upper reinforeement ring is adjacent to the muzzle and will not itself be sub-
jected to muzzle blast. The lower ring connects the lower ends of the legs.

(2) Head. The head is fabricated of welded aluminum sections with a
steel insert at the center into which the firing mechanism and barrel are placed.
The hydrostatic lock is also mounted on the head.

(3) Yoke. The lifting yoke transmits the load from the gunstand head
to the hydraulic winch cable. Mounted on the yoke is the lifting/retrieval device,
which is used to move the gunstand from under the boom to alongside the MSB.
where 1t can be more easily pulled from the water.
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FIRING MECHANISM
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EAR PIN
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LEGS B cABLE PACK

|
REINFORCEMENT ROJECTILE
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Fig. 11. Gunstand.
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c.  Specifications.

Weight 80 pounds (in air. loaded)

Height 52 inches (including lifting yoke)
Diameter 12 inches

Primarv Material 6061-T6 alummum

d.  Service Rack and Shipping Chest. The service rack is placed over the
MSB engine housing and provides a place to service and load the gunstand before a fir-
ing. Fixtures are provided to secure the {1+ing mechanism and barrels to the rack.

The legs can be removed from the service rack so that it can be placed
in the shipping chest.

e.  Acceleration. Upon detonation, the EEP is subjected to an acceler:.tion
load of 700 times the force of gravity. The recoil of the gunstand is 1% feet in water.

f.  Gunstand Modifications. During the July 1971 tests, the following de-
ficiencies were noted and the appropriate design revisions were implemented.

(1) The rectangular C-ring reinforcements were bent by muzzle blast.
While the section modulus resisting the spreading of the legs was great, the perpen-
dicular section modulus resisting bending by the muzzle blast was small.

To correct the deficiency, the rectangular C-rings were replaced by
a Cering of %-inch diameter 6061-T6 aluminum alloy round stock.

(2) Therectangular leg guards were sccured with screws. The spreading
force of the muzzle blast caused the screws to fail and left the leg guards perma-
nently bent outward.

The leg guards were replaced by %-inch-diameter 6061-T6 alumi-
num alioy round stock welded to the legs and head at all points of contact.

2. Barrel. The configuration of the barrel is shown in Fig. 42. The propellant
cartridge is inserted into the projectile chamber (large end) which has a 0.012-inch per
inch «aper to facititate the removal of an expended cartridge.

A threaded hole is provided in the barrel o that a shear serew can be passed
through the barrel into a hole in the projectile shank to secure the projectile in the bar-
rel. Upon detonation, the shear serew fails and the projectile is propelled out of the
barrel.
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Fig. 42. Barrel.

The maximum pressure developed in the barrel during detonation is approxi-
mately 52,000 psi. A typical pressure time curve is shown in Fig, 43.

3. Firing Mechanism. The firing mechanism detonates the propellant cartridge
by impinging a firing pin on the cartridge primer. Itis threaded into the breech of the
gunstand and acts as a breech block. As the firing mechanism is tightened, the O-ring
(Fig. 44) is compressed against the cartridge to form a watertight scal between the fir-
ing pin and cartridge primer.

The firing mechanism is manually armed Ly pulling the cocking bail (Fig. 44)
and raising the trigger lever. Tt is automaticallv made safe by the hydrostatic safety,
which intercepts the firing mechanism linkage. The hydrostatic safety becomes passive
at a depth of 20 feet, and the mechanism will initiate detonation when approximatcly
30 pounds is applied to any or all of the legs.

a.  Prefiring Checks. The following two checks should be made each time
the firing mechanism is armed or immediately before threading the mechanism into the
breech:
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Fig. 43. Chamber pressure-time curve.
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(1) Push on the trigger lever in an attempt to actuate the mechanism.
1t should not fire.

(2) Inspect the hydrostatic safety by touch or sight to insure that i{ is
extenc2d, and therefore, in the safe position.

b.  Precautionary Handling. When the firing mechanism is not in use, it
must be cocked. This extends the hydrostatic safety to the full length of the chamber,
thus sealing it and protccting the inner surfaces from corrosion. Extensive exposure to
the marine environment or airborne particles may corrode those surfaces and cause the
hydrostatic safety to stick.

The firing pin hole is the only point where water can enter the body of
the firing mechanism. Carc must be taken to insure that water does not enter through
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that hole when the firing mechanism is not in use. When removiug it from the gunstand
after a shol. immediately rotate it so that the firing pin points down and place it in the
space provided in the gunstand servicing rack.

4. Hydrostatic Lock. The hydrostatic lock restrains the trigger plate and pre-
vents a sudden jolt on the legs from being transmitted to the firing mechanism safety.
It i> 2t to become passive at a depth slightly.less than the firing mechanism safety.

The hydrostatic lock is a cylinder within which a spring biased piston moves.
Az the pressure increases with depth, the piston is forced back into the cylinder against
a spring and trapped air. At a predetermined depth, the piston will be clear of the trig-
ger plate and the gunstand will be ready to fire on contact.

A screw in the cylinder can be removed to equalize the internal and external
pressure to adjust the position of the piston.

5. Penetrometer Projectile and Cerve Cable.

a.  Projectile. The penetrometer projectile is shown in Fig 45. It has four
hinged flukes th2* are held back for firing by a styrofoam ring. The shank fits into the
barrel and is secured by a shear screw. Tests in July 1971 showed that 1-1/8-inch flukes
would give the best correlation with the holding power of the XM-200/XM-50 EEA.
Leaf springs placed between the shank and tite fluke assist in opening the fluke when
keving i. initiated.

Specifications are as follows:

Weight 6 pounds
Length 18.375
Diameter of head i.5inchss
Diameter of shank 1.125 inches

b. Serve Cable. The scrve cable is coiled in a figure-8 fashion into a sheet
metal pack. The free end of the serve cable is left bare and a swaged eye applied just
before use of the psnetrometer. This is done so that the serve cable can be shortened
for specific situations. For examp 2, if the EEP is to be fired in 25 feet of water at a
location where compact sand is expected to be found, the serve cable should be short-
ened. In such a situation. penctration of 6 to 12 feet is expected, and it is concewable
that with a 35-foot serve cable. the gunstand could reach the surface before the pro-
jectile is extracted or the shear pin fails.
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The serve cable is attached to the projectile by a swaged cylinder, A'slot -

in the shark allows the swaged cylinder to slide from the end of the shank toward the
head to permit a portion of the shank to be inserted into the barrel. The fitting returns
to the rear of the slot as the shank exits the barrel.

6.  Shear Pin. The shear pin is designed as the weak link in the EEP. If the pro-
jectile becomes lodged in the ocean bottom and the extraction force reaches 1500
pounds * 100 pounds, the shear pin, connecting the serve cable to the:gunstand, fail-
and the gunstand is retrieved. The 1500-pound force was determined to be the maxi-
mum load that could safely be placed on the stern of the MSB'in a Sea State Two. The’
shear pin is placed in a fixture on the lower side of the gunstand head.

Specifications are as follows: ; :

Material i Half-hard Comp. 22 Brass.
Hardness Rockweil B68-B70
Diameter - ‘ 0.1410 to 0.1412

Lengih _ ' 1% inches

7. Propeliant Cartridge. The propellant cartridge (Fig. 46) is a percussion-
detonated device containing 600 grains of propellant. An interim classification of C lass
B, Explosive Power Device has been assigned by the Federal Bureau of Explosives Labo-
ratory, Edison, New Jersey.

a.  Specifications. S

Length 4.613 inch(]:s with a
0.012-inch per inch taper
Diameler 1.25 inches
Propellant Lompom nts: . }
Hereules No. 2400 30 grains
Hercules HPC-87 - 500 grains
DuPont IMR 3031 " 70 grains

Federal Primer No. 215
)

b.  Explosive Classification Tests. The interim classification was drawn from
guidelines published in the Code of Federal Regulations, Title 46, para. 146.20-200. A
test is planned to submit six cartridges to the Bureau of Explosives Laboratory for final
classification. At that time, it will be requested that the cartridge be classified Class C.

This test will be funded jointly by USAMERDC and the U. S. Coast Guard.

¢.  Transportation Vibration Test. A test is planned to determine the effect
of transportation vibration on the ballistic characteristics of the propellant cartridge.
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One group of cartridges will be fired after they have been vibrated ac-
cording to a schedule appearing in Matericl Test Procedure 4-2-804. 17 April 1969. sub-
jeet: Labutator\ Vibration Test (Aberdeen Proving Ground). A penctrometer barrel
will be instrumented to record the pressure-time curves of the combustion gases.

A similar group of cartridges will be fired withoui being subjected to the
trznsporiation test. The pressure-time curves of both groups will be compared and the
effects of vibratior: on the ballistic characteristics determined. This test program will
be furded jointly by USAMERDC-U. S. Coast Guard.

8. Hydraulic Winch. The hydraulic winch is a self-contained power module capa-
ble of retricving 2600 pounds from the ocean floor at a rate of 30 feet per minuie. The
winch drum contains 225 feet of 3/16-inch diamcter 7x19 galvanized improved plow
stec! cable.

A schematic drawing of the hydraulic winch is shown in Fig. 47. The
5-horsepower 4-cycle single cylinder air-cooled engine drives the hydraulic pump which.
in turn, drives the hydraulic motor. The winch drum is driven by the hydraulic motor.

A relief valve in the control valve unit can be set to bypass the hydraulic mo-
tor at any load up to 2000 pounds.

The original winch was manufactured by Hydro Products Division of Dilling-
ham Corporation, San Diego, Calif. As discussed above, that configuration was deter-
mincd to be unsatisfactory. A new winch frame (Fig. 48) was buiit, and the hydraulic
components were mounted on it. The gasoline engine, hydraulic pump and fluid reser-
voir arec mounted in the lower portion of the frame. The winch drum, hydraulic motor,
and control valve, mounted on the top of the frame, are connected to the hydraulic
pump by hoses. The winch drum is covered by a protective screen. The screen can be
removed and folded for shipment.

The new winch frame (Fig. 48) is mounted on the floor at the stern of the
MSB. It is fastened to the stern lifting davit and the towing bit.

a. Hydraulic Winch Operation. The winch is operated in the following
manner:

(1) Ignition <witch set to ON.
(2) Control valve lever placed to NEUTRAL position.

(3) Choke is pulled out.
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(4) Starter cord pulled.
(5) Choke pushed in as soon as the engine starts.
(6) Clutch (left lever) is pushed forward.

{(7) Contra! valve is moved forward or backward fo move the gunstand
into or out of the water.

(8) To stop the cngine, ignition switch is moved to OFF position.

The hydraulic motor will hold loads up to the maximum when the con-
trof valve is in the ncutral position, so the brake (right kever) is rarcly used.

b. Specifications.

Weight 340 pounds
Width 13.5 inches
Height 13.5 (incdluding guard. power winch)
Depth 17.8 inches

9. Tensiometer-Footage Counter. The tensiometer-footage countes (Martin-
Decker UD8M Dyne-Line Tensiometer) measures the force required to extract the pro-
jectile from the occan floor. and measures the penetration of the projectile into the
occan floor.

The tensiometer is the running-line type and consists of a threc-sheaved cle-
ment. a dial indicator. and a hydraulic hose connceting the two. The clement is placed
on the hydraulic winch cable and the dial indicator on the railing where the winch op-
crator can sce if.

The travel of the wire rope is measured by a footage counter tiat i an inte-
gral part of the tensiometer element. The rolation of one sheave is transmitied to the
counter (mounted with the tensiometer dial) by a flexible cable.

The footage counter is designed for operation with loads of hetween 200 and
2000 pounds. During an EEP fest. it must measure footage with only the weight of the
gunstand (approximately 60 pounds in water) on the cable. Slippage can oceur. and a
fourtn sheave was added to the end of the element in an attempt to increase the friction
force between the wire rope and sheave. This was moderately suecessful. so the counter
sheave was redesigned to grip the cable. Although this type of tensiometer has the ad-
vanlage of being simple in design and requires no outside power. the inclusion of air in
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the line can cause it o read a5 much a5 50 percent jow. (See Test Section ) Purging the
line of zir appzars to be smple. but it is a tedious procedure in actuality.

It is recommended that 3 small inline tendometer be made a part of the EEP,
The runnmgline tenstometer could be casily cheched with the indine tensiometer if sus
picions zrse as Lo s accuracy.

The tensiometes element i moursted it 2 gimbal on the sicm deck (Fig. 19)
of the MSB. This amangement zllows the fersomcter Lo folinw the gunstand cable 25 1
moses across the winch drum. but prevenis motion paralled to the axis of the MSE.

10. Deck Frame and Boom.

2.  Beom. The boom is the tnanguias frame placed over the transom of the
MSB through which the wire rope passes {Fig. 54). The purpose oof ihe boom i to keep
the moment arm of the wire rope lew o that the MSB w3 not capsize under a side load.

The boom s secured to the gunwale by bolts. Fuur of the boits secusing
the rubber bumper on the side of the MSB are removed and longer bolts are passed
througk: tie side and bumper. This arrangement requires no modification 1o e MSB.

A handwinch pulls the boom ou:i of the water onto the stern deck o
that the wire rope is out of the water while the MSB is underway. The wire rope has
caught in the propeller left in the water while the MSB was in use.

b. Deck Frame. The deck frame supports the tensiometer gimbal mount
(Fig. 49) and thie roller over which the wire rope passed between the hyvdrauiic winch
and the gunstand. The deck frame is bolted to the boom and the stern lifting davit.
The boom retractor wineh i~ mounted on the deek frame.

An expauded metal screen covers the roiler to provide protection for
the crew in the event of a wire rope failure. The screen can be removed and folded for
shipping.

11. Retrieval Device. The retrieval deviee (Fig. 11} consists of a gunwale-mounted
bracket. a handwinch. and ring. This deviee iz used 1o move the gunstand from under
the boom to the side of the MSB where it is lifted over the qusiaales and placed on the
service rach. The u<e of the Retrieval Deviee is discussed i paragraph 11 C.
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12. Maintenance.

a.  Bamrel. After cach day. the bore, shear screw hole. and threaded retainer
ring must be washed in fresh water and lubricated thoroughly. Corrosion accumulation
on these surfaces reduces the tolerance to such an extent that the projectile shank will
not side into the bore and the shear screw will not tum casily in the threads. A bore
cleaning rod is provided for cleaning the barre] before usc.

b. Fuing Mechanism. The water must never be allowed to run down
through the firing pin holc into the interior of the firing mechanism.

After use, the mechanism should be wiped dry and cocked. When
cocked, the hydrostatic safety is pushed out to the end of its chamber. Since the cham-
ber is then scaled off, its surfaces will be protected from dirt and corrosion. The open-
ing of the hydrostatic safety should be gencrously lubricated with a silicon grease, such
as Dow Corning DC-55M or an cquivalent (conforming to MIL SPEC G-4343, such as
FSN 9150-273-8633. The O-ring should be replaced if it is scorcd.

c.  Hydrostatic Lock. The hydrostatic lock should be wined dry and the
pistor: lubricated with silicon grease. The piston shoulder should be cven with the
outer cdge of the cylinder to avoid corrosion on moving surfaces. The position of the
piston can be changed by adjusting the air pressure in the cylinder by removing the
screw on the back of the hydrostatic lock. Oil must never be used on the moving sur-

face of the hydrostatic lock because it causes excessive friction.

C. Deployment and Data Collection

I.  EEP Deployment. The EEP is deployed from a 25-foot Coast Guard Motor
Surf Boat (MSB) in the following manner (Fig. 51):

a.  The MSB is anchored at the location where the EEP is to be fired.
b.  The boom is lowered over the stern using the appropriate hand winch.
c. A projectile is placed in the barrel and sccured with a shear screw.

d.  The barrel is placed into the breech and the retainer ring threaded on
the end.

c.  The serve cable eye and shear pin are placed in the shear pin block.

f. The propellant cartridge is inserted into the breech.
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2 The firing mechanism is cocked by pulling en the cocking bail, then lift-
iz thre trimeer beser. The safety should be checked as described in paragraph 111 B.
Whr fariye menchaericam is threaded into breech and tightensd with a wrench.

B Hydrostatic jock is exercised on the gunsiand by pressing on the pisten
sewamall Binmes fo fesenre that it moves freely.

i With the hydraulic winch in the neutral position and the clutch engaged,
thre rmetand 25 prat over the sde of the MSB (Fig. 52) and allowed to hang just below
the water's srface. The liftiretrieval deviee should not be hcoked on tire retrieval ring
(Fez. 31 No. 1).

#  The hand winch line i paid out until the line is slack and the gunstand
¢ Sumimer dereedly under the boom (Fig. 51, Nos. 2 and 3).

ik  Useg the hydraulic winch, the gurstand is lowered to the ocean floor
(Fiz 31. No. 1). DO NGT drop the gunstand by disengaging both the clutch and brake
2 afBowiny the winch drum to tum frecly. The center of gravity of the gunstand is
s thhe top end: it will land on the ocean floor on iis side.

L The winch drum should be stopped immediately when the cartridge
aefocsales.

m. The footzge counter is st on zcro if Method I is being used.

n. The tensiometer will indicate no load for several fect during the initial
pat of retrieval of the windh dinc {Fig. 51, No. 6). As soon as the tensiometer needle
o< aleuptly and indicates a load, the footage counter reading is recorded.

o. Continuc retricving the gunstand, noting the predominant loads and the
depths over which they prevail. If the shear pin fails, the footage counter reading
shoadd be recorded.

p- When the projectile is extracted from the floor, the tensiometer reading
will drop 1o near zero abruptly and the footage counter recording (Fig. 51, No. 7)

Shestsld be recorded.

q-  When the mark on the wire rope passes over the roller on the stern deck,
the winch drum i> stopped.

r.  Faree is exerled on the retrieval hand winch line to insure that the ring
1 caught on a prong of the lifting retrieval device. The hydraulic winch line is stowly
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let out while the retrieval hand winch is taken in. The guhistand will be pulled from '
under the boom to the side of the MSB (Fig. 51. Nos. 7 and 8).
s.  With sufficient slack in the hydraulic winch line, the gunstand is pulled
from the water and placéd in the scrvice rack (Fig. 51, No. 10). .

2. Failure of EEP to Fire. If the EEI" is deployed over a very soft bottom, it is
possible that the gunstand may contact the bottom and lie on its side without detonat-
ing. This could be because, in soft bottom, sufficient force i3 not applied to the legs by
the sediment because the sediment gives way rather than resist the weight of the gun-
stand. This condition is compounded by a strong current that causes the gunstand to
approach the bottom at an :;nglc. ' .

; t
[

If the gunstand does not fire (i.c., detonation is not heard, but the wire rope
hecomes slack), the gunstanid should be lifted 4 to 6 feet above the ocean flloor and
dropped in the following manner:

a.  Lift the gunstand 4 to 6 fect above the ocean floor. !

b.  Set the winch drum i)rake. ' . ' ' P

i

1%

Disengage the clutch.
. !

d.  Discngage the brake and allow gunstand to fall to the ocean floor.

3.  Results. : :

a.  Extiaction Forces. The extraction force read from the tensiometer dial
during the penetrometer test ‘can be used directly io determine the advisability of the
development of the XM-200, XM-50 EEA (paragraph XV). If the tensiometer was’
checked with the in-linc tensiometer and a corrective curve cstablished, it should be ap-
plied to the exiraction force before enterjng the correlation table (paragraph 111 E). '

|

b. Penetration. The penetration of the projectile can be measured in two
ways which can then be checked against each othel. ‘
i
(1) Nomenclature.

R, footage counter reading at first indication of load. .

R, footage counter reading at termination of load.

1
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R’ = footage counter reading at interfacc.

H; = distance from bottom of gurstand to shear pin block.
C = serve cabic length

P = penetration of EEP projectile into ocean floor.

2 = depth of sub-bottom layers.

(2) Method L.

(a) The procedure for determining the penctration from Method
Lis as follows:

1. Upon dctonation. the footage counter is set to zero and
gunstand retrieval commenced.

2. Assoon as the tensiometer indicates an abrupt load. the
footage counter reading is recorded (R, ). The abrupt increase in load
indicates that the scrve cable remaining in the cable pack after firing has
been pulled out and that serve cable and wire rope are taut.

3. Extraction then continues and values are recorded.
(b) The penetration can be calculated as follows:
P=C-H,; -R,

(c) This method has the advantage that break-out is not necessary
to determine the penetration.

L. Any slack in the wire rope could be interpreted as de-
creased penetration. This could be particularly true in deep water and
high currents.

2. Atlight loads (just the weight of the gunstand). the wire
rope may slip over the footage counter sheave. This would be interpreted

as increased penetration.

3. This method requires knowledge of the serve cable length.
It is shortened in some instances.

107

-y




counter reading (R, ) is recorded. This indicates that the projectile has
been extracted and is clear of the ocean floor.

(k) The pencetration is calculated as follows:
P=R, -R,: sinccR; =0.P=R,.

(c) This method overcomes the disadvantages discussed under
Method L.

1. It cannot be used in a stiff bottom where the shear pin

fails, since the footage counter reading at extraction cannot be obtained.

2. It is recommended that both methods be employed to
insure that some data is collected.

(4) Method I and Method Il Combined.

(a) Both methods can be used and the results compared. The
footage counter must he set to zero after detonation occurs.

1. VethodI: P=C-H, -R,

it

T T W i v

(3) Method Il

(a) The penetratio’ s may be calculated as follows:

L After detonation. retrieval of the gunstand commences.
2. When the tensiometer needle moves abruptly from n>
load. footage counter is set to zero (R, ). The wirc rope and serve cable
are then fully extended and taut.

3. Extraction and recording of data is continued.

4. When the tensiometer dial drops to no load. the footage
Mcthod II: P=R, - R,

(b) Discussion:

1. Firinginto a stiff bottom necessitates the use of Method
1. sinee the shear pin will fail and the breakout footage counter reading
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ous sediment lavers can be determined from the data collected in step o. paragraph I C.

(R;) wili ot be oblzined. If the pin fails, however. the botlom condi-
tions are probably wuitable for the EEA.

2. Method I does determine the depth of the projectde ai
failure.

3. This information is uscful in determining if sufficient
overburden iz present for the EEA.

4. Method 11 is best suited for soft bottoms where R, and
R, can be obtained. However. both methods should be used. dnce it &=
not known whether or not the pin will fail.

c  Depth of SubBottors Layers. The depth below the ocean floor of vari-

According to Method I:

¢=C-H, -R’
d.  Shear Pin Failure Depth.

(1) The depth at which the shear pin fails (£ ) can be calculated by
using Mcthod I:

2 =C-H, -(R'),
where (R')s is the footage counter reading at shear pin failure.
(2) Mecthod H cannot be used readily because no break-out footage
counter reading (R, ) was obtaincd since the shear pin failed before extraction was
completed.

Engineering Design Tests (EDT).

I.  Scope. Under the terms of the contract with Magnavox. the penetrometers

were to be delivered in two groups. The first group (30 projectiles) was delivered with
O-inch flukes.

a.  Preliminary Tests (July 1971). During the preliminary tests. projectiles

were fired into a variety of ocean bottom sediment types in au effort to determine what

fluke length would produce the optimum spread of extraction foree in ocran Lottoms
ranging from very soft to stiff.
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b Fmal Teds (October 1971). Once the fimad ficke kemgth was ostablided.
the serwnd gnssp of peoctrometens (L0 projectBes) uas defivened with that fluke bemeth.
The obfestives of the fimal EDT were 19 fane the EEP 2t the suome localions a5 the
XNE-200/ XM-50 EEA bad been fired during their devdopment and 1o colleet asfficient
data to eztabiish > comclation betweea the koldime power and penctration of the EEA
and the EXP. The lower Emit of EXF exiracien forae was etablishod br Sony proges
tiiex 2t locatsons where the cone sample data inderted that the bultom was (00 soft for
EEA use. Chesapeake Test Site 10 was fosnd fo i the most vsful for this pigpose.

Frings in a stifii bottom cstablished the upper limit. EEA holding power
data were uied to define a stiff bottom znd identify suitable test sites. The upper lin:t
was established when the shear pin failed e 2 s6fY bottom.

Test sites where intermediate EEA holding powers have been obtained
were {esded 1o insure that the EEP can discriminate between degrees of EEA holding
powers.

2 Text Siles. The crilenia for the selection of stes were:

a.  Locations where XM-200/XM-50 EEA have been fired in the past.

b.  Arcas where reliable core sample data is available.

c.  Adequate visual pavigation.

d.  Froximity to support facilitics.

¢.  Sheltered waters.

. Variation in sub-bottom composition within a small arca.

Appendix A contains the locations and core logs for the test sites. The sites
offer a wide varicty of sub-bottom compositions. Roch was oxcluded from the test
sites because the AUSE will identify these arcas during an operation and they will be

climinated at the outset.

The mouth of the Chesapeake Bay in the vieinity of Norfolk. Virginia. salis-
fies all of the above eriteria and was the seene of a majority of the testing.
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Darine previoas tests, the XN-56'XM-200 EEA was deployes 28 Chesrpeake
Sotes 5. Kew Best Sete 1. and Potomes Setes 2 3.1

The Rey West Stes wore e 27 offshore and semrnally subyect 1o sea cond:-
lhons too zrcat io dlow the oo of the 3B with ziey nomdanits . The botlom 2t thas
zrea i+ wxry hord corzd and & neferred 26 26 “rock ™ on mnization durts

Kevr Bedt Test Site 3 joczz22 im 140 ot of waler 132 miles ez of Site 1.
was exda’ fished for this izst to faciixte 2 deep waler tedd of the Moorninz Site Survey
Equpment.

Chesapeake Test Site 5 2= the location where mooring was established dusing
the 1966 EEA ENT.! E£A: wers to have been fired at the same point that cores were
tsken. This would have provide 2xcellent coerclation between holding power and sedi-
ment tyne. Unfortunatcly. strony anrenls cased opezational difficultios 2nd the EXAs
were fireC == much as 300 feet from the corresponding core site.

Core ;amples and AUSE records indicate that the variability of the sediment
in that area is so great that correlation of the EEA performance with the nearest cone
sample i not reliable.

Since the ultimate goal of the test program is to comrelate the EEP with the
EEA performance rather than the sediment type. the marker buoys at this site were
placed at the EEA location rather than the core location. Core 3 and EEA 3 were suffi-
ciently dose to allow direct coraparison of the EEA and sediment data.

The core sample logs for the test sites are not uniform in enginecring soils in-
formation. They were collected over a number of years by difierent agencies using a
variety of coring devices. Qualitative judgment mus? be used in comparing core data
from different sources.

The buovs at Chesapeake Sites 2 and 3 were furnished and placed courtesy of
the U. S. Coast Guard. At afl other sites except 9 and 10. navigation buoys already ex-
isted. The buovs at Key Wezt Test Sites 1 and 4 were placed courtesy of the Boat Divi-
ston. U. S. Naval Station. Ki+ West. Florida.

3.  Preliminary Engin~ering Design Tests (EDT)—July 1971. In July 1971. an
Engincering Design Test was conducted jointly by USAMERDC and the U. S. Coast
Guard Ficld Test and Developnient Center, Curtis Bay. Maryland. The EEP was

lj ohn A. Christians and Edward P. Meisbur zer. “Devdopment of Multi-Leg Mooring System, Phase A ~Explosnc
Embedment Anchor.™ USAMERDC Rep o1t 1909-A, December 1967.




Sepbosied froza the WSE widlic the LON-2 stood by to prospde en-site sopgort «apabikls .
Thee fherde Bemribes weeme shorterd om thee LS wantil the powper Bemzths wans meandoad. 1t
wzs mocessars Lo olzlc bed sites seoeral tmwves onll the ke bouptb o dcdded am cxmae-
oo forae commmormrzic with the aodirpem? Sifiioess

2 Test Proceduwe. A modubr worksdop was placed in the canzso dock of
the LCM-Z to prosdde the work spaac aed tools moctesary 1o shorfeon the pemetrommcleor
flukies oo ste. The gomdansd. pemelromedess. camant mcter. propeiiznt curtrdges zod
otiyer meceilanesns oquipment wene loched in the workshop orvemzehl. Tix propefiant
cartridees wene dowed under provissons of 46 CFR 146.02-16. Coordination with the
Caplain of the Port was 2acomplidhed throush the USAMERDC Masine Faedd Offace.
Ezch day. the LCM-8 was anchored near the test site and the gundand. propedlant cart-
ridses and personned trandered to the MSB for the test. The MSB then moved to the
test sle and was anchored or tied to 2 marker buoy.

Cairent speed data were eellected on the LOM-8 using 2 Manine Advisars,
Inc.. Modd Q-8 ducted water crarent meler.

Aifiter tihe USAMER DC perzonnd completed testing af 2 site. the MSB
retumned to the LCM-8 2nd deposited the USAMERDC personnel and transported the
Coz<t Guard personnel to conduct their tests. Based on data just collected. USAMERDC
personinel couid then modify fluke length in preparation for the next test.

The workshop on the LCV:-8 proved a valuable asset. All equipment dif-
ficulties. with the exception of a parted weld on the EEP deck frame. could be handied
on the LCM-8 without retuming to the dock.

b. Data and Results. The EEP was fired 23 times. in waves up to 2% feel.
winds up to 20 knots. water depths of 55 fect. and current in excess of 2knots. One
complete cycle (loading. firing. retrieval) in light seas and 45 fect of water requires ap-
proximatcly 6 to 8 minutes.

The data collected during the test are shown in Appendix B. The results
indicate that a fluke length of 1-1/8 inches would groduce the desired correlation.

c. Discussion.

(1) During three extraction tests. the serve cable failed under low Ioads.
Two shots were fired at Test Site No. 1. which is located near a wreek. Magnavox
enginecrs indicate that bottom debris can damage the serve cable as it penetrates
the ocean floor. They also described how a swage fitting failure can be distin-
guished from a =erve cable failure:
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(a) IF the wine 2208 amamor wiane thee saane bersthy 28 the end, thee
wablc was demoed 25 1t pemetratiod the ontam Bollom and faled mmder e
boasd of thre bry diravdlse scameds dorims thee smbercgeaent fesd.

(B) I the wine extended bexond the armor. the wine was pediad
ol of i srwane itttz The 2rmo0 was nemvosed dirieme Fzbetcation so et
thye wine will 8 imlo the swcame fillime.

2) The EEP was deploved in caxments that wene strome enoush to
camse (e LCNS 1o draz andvor a1 ke accurale cument excasaremsents impas-
sibbe. In stromsz carrents. the sundand was obscrved 1o desaend to the occan floar
a1 a lange amde firom the verticzl. There was 2o olsious efifect on the data.

(3) On the fir-. dzy of operation. the MSB was moved to Test Site
No. 6. Swells of at lea<dt 4 feet deseloped and the MEB started back to the dock.
Kough surface conditions required the MSB (o dow dowr 2nd sty inside the
wake of the LCM-3. That condition appeared to be the safe fimit of operation for

the MSB with the 2dded weizhi of the EEP and was well bevond the limit of com-
fort of the crew.

(1) Vhe EEP was fired on all occzsions with the MSB anchored or tied
to 2 marker buoy with the bow into the sca.

(5) The sedime. . retrieved on the flukes of the projectile provided
additional information that is useful in assessing the type of sediment present at
the test site.

(6) Equipment performance was as £ ilows:

(2) Gunstand. The gunstand functioned well during the tests.
Some corrosion was noted on the hydrostatic lock and firing mechanizm.

That problem was later corrected by applying a more rugged. salt-water-
resistant plating.

(b) Hydraulic Winch. In choppy waters. the MSB had a tendency
to list under the weght of the hydraulic winch (approximately 250 pounds)
on the -tern deck. Al cruising speed. the MSB had a strong tendency 1o rolt
and was “stern heass.” To move its weight to a lower position and ciminish
its effect on the handling charactenistics of the MSB, the winch was later re-
designed to be mounted on the floor (Fig. 48). Placing the hydraulic winch
on the floor allowed the following additional modifications:

13

e

PRRTERCEEIRTEE JPS e Y TN

| N




L Moriny the teasiometer dement from over the stern and
placine it on the stem deek to increase accesibdity.

2 Rotating the boom up over the stem to remove the wire
repe from the water while the MSB was underway.

() Temsiometer-Footage Covmter. On thr first day of testing, 2
laswe esror w2z noted in the tensiometer. It indicated only 750 to 800 pounds
when the shear pin failed at 1500 pounds. Using an inline tensiometer. a
calibeation curve was made o that the data previsudy collected could be used.

At the condusion of EDT. the tensiometer was retumed to
the Martin-Decker Corpcration for inspection and calibration. They indicated
that there were no apparent malfunctions in the tensiometer. The error may
have been caused by air trapped in the fine.

The instruction manual supplied by Martin-Decker was found
to be of little value. The descriptions of mounting and {luid charging proce-
dures were inadequate and the diagrams were mismarked ara erroneous.

The footage counter would not work with just the weight of
the gunstand (55 pounds) on it. The manufacturer stated that it was designed
to opcrate at 2 minimum oad of 150 to 170 pounds.

An idler wheel or fourth sheave should be used to increase the
friction betwcen the wire rope and the counting sheave.

In the original configuration. the tensiometer is hung over the
stern of the MSB. When the wi-e rope is slack. it is not confined in the sheave.
and 2 man mu=t climb over the stern and place the wire rope back on the
sheave.

d. Penetrometer Boom. The wire rope was drawn into the MSB propeller

when the operator neglected to insure that the wire rope was clear of the propeller be-
fore getting underway. Removing the boom (and therefore the wire rope) from the
water is an adequate solution. Moving the tensiometer to the deck allowed the hboom
to be rotated up over the stern. A hand winch is provided for that purposc.

Final Engineering Design Test. Following the finalization of the penctrometer

fluke length. a test program was undertaken to establish a correlation between the pene-
tration and extraction {orces of the EEP and EEA. The test was conducted at the loca-
tions where data were available from previous XM-200/XM-50 EEA Engincering D esign
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Tests. A description of the tests and ~quired data follows. The results extracted from
the data are discussed in paragraph HI E.

a.  Chesapeake Bay Tests—October 1971. The procedure followed during
preliminary EDT (paragraph I D) was used during the final EDT at the Chesapeake
Bay test site<.

Ninetcen projectiles were fired at Test Site 3 in approximately 4 hours.
The MSB was tied to the marker buoy in all cases. No other test sites were used. The
sea was calm, visibility excellent and the winds light. Wave heights and period are
shown in Appendix C.

(1) The penetration and extraction forces of the EEP are shown in
Appendix C.

(2) Before the test, considerabie cffort was expended in cleaning the
rust from the base of the penetrometer barrel. It had corroded to the point that
the shank of the projeciile would not fit into the barrel. Steel wool and oil were
used to remove the rust. Care must be taken to lubricate the Larrel after each
EDT to prevent corrosion.

The leg guards on the gunstand came loose at the bottom when
the fasteners failed in three successive firings. The gunstand was modified to cor-
rect that deficiency by welding on leg guards of circular cross-sections as discussed
in paragraph II B.

During the test, it was noted that the shear pins failed at loads
somewhat higher than the 1500 pounds * 100 pounds specification required by
the purchase description of the contract. The USAMERDC Materials Rescarch
Support Division checked six pins for diameter and hardness and found them to
be 0.1416 (within specification) and 85.5 Rockwell “B,” respectively. This is in
excess of the 68-70 Ry limit set by laboratory tests during the development of
the equipment. The remaining shear pins were replaced by Magnavox with pins
that meet the specifications.

b. Potomac River Tests—November 1971. Six penctrometers were fired at
Potomac River Test Sites 2 and 3 (Appendix A). At Test Site 3, the U. S. Coast Guard
fired two projectiles currently under development by the Field Test and Development

Center,

(1) The data collected are shown in Appendix b,
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(2) The first shot was over the slope on the side of the river channel
and apparently struck an object, causing the serve cable to fail. Divers and side
scan sonar have verified that the area is littered with trees and boulders.

The succeeding three shots were fired in the channel. It was found
that the bottom was so soft that the gunstand, on occasion, would not fire when
it was lowered with the winch. The procedure for firing in this condition was de-
rived during this test and is discussed in paragraph III C.

Two penetrometers were fired in the vicinity of Buoy 54 at Site 2.
Currents were visually estimated to be in excess of 3 knots. Since only visual navi-
gation was used, approximate locations were obtained.

c. Key West, Florida Test—February 1972. The Key West test sites are
near Middle Sambo Key, 5% miles offshore and 12 miles from the U. S. Navy Station
(Appendix A). Weather conditions change rapidly in that area, and 2- to 4-foot seas
are the normal conditions.

Seas of 4 to 8 feet were expected during the test period, and it would
he unwise to traverse 12 miles of rough seas in the MSB if bad weather developed;
therefore, the equipment was mounted on a 63-foot Laboratory Boat provided by the
Naval Station Boat Division.

(1) The extraction and penetration values are shown in Appendix E.

(2) Four projectiles were fired at Test Site 1. The penctration of three
projectiles was 4 to 5 feet, while the fourth apparently did not penetrate and was
retricved with a bent shank. One projectile penetrated 5 feet and was retrieved
with the flukes closed and small pieces of hard coral trapped between the flukes
and the shank. The shank was also bent (Fig. 53).

The nautical charts indicate “rock” approximately 800 yards west
of Test Site 1. This area is actually hard coral. At Test Site 1, serve cable lengths
of 29 fect were used in anticipation of limited water depths, as outlined in para-
graph 111 B.

Four projectiles were fired at Test Site 4, where penctrations of
14 to 28 feet were recorded. These shots were not all in the same locaiion because
the boat dragged anchor at times during the test. Recovered projectiles had soft
white sediment on the flukes. A current profile was taken at Site 4. Since the
boat was dragging anchor during part of the test, the curve is not very reliable. If
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E. Rewits

Thse fcBoaurme nosszs wene abutrzsted from tie data collectes? during the final EDT
i Yo C D 2ad Ep.

i. EE? Pemetraizon. The folloxing penctration values are characteristic of vari-

quend o pry e wine sope oot with & bar.
ant Sugece of ontam bodtom compostivir.
Halertad EEP Penetration (Fect)

Cotal 5
Sand 12
Saed (3§90 71) over dlay 16
58t and day 19
Yol 29

2 EE7 Extraction Forces. The folle wing values are representative of the forces
argearod ie zatrzdl the EEP prejectile from various sediments.

Waterial EEP Force (Pounds)

Sand 1300-1500 (Shear Pin Failure)
Qav 700-1100
Mud Less than 500

3. EEP Versus XM-200 EEA Penetrations. Considerably more penetration and
tesiding puwer data are availabie for the XM-200 EEA than for the XM-50 EEA. Conse-
gaenths  the EEF was comrelated to the XM-200 EEA. d

The XM-200 EEA and EEP penetrations in a varicty of ocean bottom compo-
stzom are shown in Fig. 54, The ratio of the penetrations of the EEP and the XM-200
EEA v oot conadent. However. a uselul approximation is 1:1.7 or

il 1 waibsl, Bromneurerr. 2 connent of 3 10 352 Knols was present in the bottom 10 fest

wofl tZhie waatiar emitznm.

Subuepaest aboratory tests (pasag-aph H1 F) showed that the gun-

st willl asrumme 2z amghe of approximately 45° frem the vertical in that current.

G cex ceeanion, the wire rope bocame wedged between previous

amg wa B direan wikde the extracticn test was performed. Some effort was re- .
f 118
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1.7 Ppgp = Proo

A comparison of the XM-200 EEA EDT data with the limited quantity of
XM-50 EEA EDT data shows that the penetrations of the two anchors are approximate-
ly the same.
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Fig. 54. Explosive embedment penetrometer and XM-200 explosive embed-
ment anchor penetration in various ocean bottom compositions.

4. EEA Holding Power Correlation Chart.

a.  The penetrations and holding powers of the XM-200 EEA have been cor-
related with the penetration and extraction force of the EEP and compiled in chart form
(Table 1V).
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Table IV. Explosive Embedment Anchor Helding Power Correlation Chart

EXPLOSIVE I :
EMBEDMENT EXPLOSIVE EMBEDMENT ANCHOR
PENETROMETER s :
EXTRACTION| | xM-200 | xm-50 | woiomg
PENETRATION|  ¢opce HOLDING | HOLDINS | POWER
(FT) (LB') POWER | POWER | RATING
1500 200000 | 50,000 | .. 100%
10 1000 150000 | 37500 |59%0 59,
600D 74%
17 700 60,000 | 15000 |rem 30%)
' MARGINAL
22 a0 || 35000 7,000
L | 1 roor
35 11 | ,

i

b.  The holding power of an EEA at a location can be predicted by enter-
ing the chart on the right with either the EEP penetration or extraction force at the
location. The EEA holding power and rating are read on the left. If the extraction
force and penetration do not give the'same results, use the one that yiclds the most
conservative answer. The holding powers of the XM-200/XM-50 EEA have been rated
as percentages of the maximum holding power.?’

: \
n, C. Mayo, “Installing and Mooring Test of Multi-Leg Tanker Mooring System Incorporating Explosive Embed-

ment Anchors (ET/ST, 1766).” Unpublished, U, S. Army Mobility Equipment Rescarch and Development Center,
Januarv, 1968.
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c. Insome areas, stiff sediments may overlay a soft sediment. When the
EEP is drployed, it may pass through the stiff sediment to the soft sediment below.
When extraction is begun, readings commensurate with the soft sediment will be ob-
served. As the projectile encounters the underside of the stiff sediment, the extraction
force will increase and the shear pin may fail.

The depth of the projectile at failure (i.e., the thickness of the stiff sedi-
ment) can be calculated employing the procedure outlined in paragraph III B. A depth
of as little as 12 feet will indicate that the EEA may be considered to have a fair hold-
ing power.?

Depth values indicating a thickness of less than 12 feet should be con-
sidered marginal and it may be advisable to test a new site or deploy two CEA’s in
tandem.

d. A study by Vesec® indicated that surge loading (i.e., a wave lifting the

*MSB during the extraction test) in this case would not be of great significance. Exami-

nation of the data does not indicate that this loading condition produces a disparity in
the results, and no extensive testing was undertaken to establish its effects conclusively.
The test sites were generally too far offshore to permit testing in rough water. Inits
carly configuration, the hydraulic winch detracted significantly from the rough water
handling characteristics of the MSB.

F.  Gunstand Excursion Characteristics.
!

A study was undertaken to determine the contribution of ocean current to the
deflection of the gunstand from the vertical and to the excursion of the gunstand from
a point directly under the MS3. The above objectives were accomplished by towing the
gunstand in a tank and measuring the angle of, and forces on, the end of the two cable
and by using those values as boundary conditions for an equation of the current forces
cn the EEP wire rope.

1. Tow Tank Test. The construction of the gunstand is such that the mass is
concentrated in the head, while the drag force due to current is concentrated predomi-
nately on the legs. Preliminary calculations and observations indicated that the effect
of current on the gunstand should be investigated in detail. The test was undertaken

by Hydronautics, Inc., in February 1972.

35ee Christians and Mcisburger, " Development of Multi-Leg Mooring System, Phase A—Explosive Embedment
Anchor,” Figure F-12, USAMERDC Report 1909-A, December 1967.

Aleksander S. Vesec, “Breakout Resistance of Objects Embedded in Occan Bottom,” Duke University, Durham,
North Carolina, May 1969.
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a.  Test Procedure. The gunstand was suspended in the tank below the car-
riage that traverses the length of the tank. The cable suspending the gunstand from the
carriage was attached to a transducer that measures vertical and horizontal forces. The
resultant of these forces is the cable tension and the ratio is the angle that the gunstand
makes with the vertical.

A Nikon Mctor Driven Underwater Camera was placed at mid-tank op-
posite a grid. As the carriage travels along the tank and the gunstand passes be2ween
the camera and grid, a photograph is taken and the angle betweer: the gunstand and
grid is measured from the photograph and used to ciech the results obtained from the
force transducer. Carriage speeds of %, 1, 2. 3, 4, and 4%2 knots were used.

b. Results. Regardless of the orientation of the gunstard in otill water. the
current rotates it so that the closed side of the C-ring reinforcement points in the direc-
tion of motion. At slow speeds, however, the profile prescnted to the current may ot
be completely symmetric.

The horizontal and vertical components of force at the end of the cable
is shown in Fig. 55. The angle that the gunstand makes with the vertical (angle between
the forces in Fig. 55) is shown in Fig. 56. Tne angle increases linearly with current up
through 3 knots. The cable tension (resultant of the force components) is shown in
Fig. 57.

The angles obtained from the photograph and the transducer are com-
pared in Fig. 58. The photographic data show that the gunstand is at a somewhat larger
angle than the cable. AT 2 knots, the deviation is an insignificant 3°. Figures 59 and 60
arc representative of the photographic data. They represent current velocities of 2 knots
and 4 knots. respectively.

c.  Penetration Error Assessment. The error induced in the penetration hy
the current acting on the gunstand is assessed by considering two extreme cascs with
the understanding that the common case falls between the two extremes.

If the penetrometer is fired into the bottom at an angle of incidance ¢,
the ensuing cextraction test will fall hetween two extremes as shown in Fig. 61.

(1) Stiff Sediment (Line A). Determining the penetration by Method
I (paragraph III C), the gunstand is raised until the serve cable is fully deployed
and an increase in load is indicated. If a stiff sediment is present, it will resist the
effort of the serve cable to seek a straight line hetween the gunstand and the pene-
trometer. The indicated penetration will be greater than the vertical penetration.
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Fig. 55. Explosive embedment penctremeter force components.
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ANGLE PHOTOGRAPHIC TRANSDUCER

GUN CABLE CABLE
% 2 2 2
2 27 25 23
4 47 = 48

Fiz. 533. Companison of phetographic 2nd foree tramsducer.
Esen though the seriical penetration is reduced. it il gives an indication of the
sediment’s abdity to resist the movement of the projectile.
(2) Soit Sedsment (Line B). In this case. the projectile enlers the =di-
ment at an angde 6. 2nd under the foree of the extraction test. the cable moves
through the sediment from position A to position B. The sediment &= z0ft and the

anchor remains in place while the cable is moved toward the vertical.

The vertical penetration indicated in this case will be less than the

actuz] pencetration by a factor directly proportional 1o the cosine of the angle of
incidence.

Since the sediment is soft. Method 11 could also be used to obtain
2 more accurate estimation of the vertical penetiation.

In botk: cases. the extraction force will also supplement the infor-
mation obtaincd from the penctration values.

(3) Common Case (Line C). In the cases most commonly occurring
in actual sediments. the cable will follow a path similar to Line C when the .- ac-
tration iz measured. It will then be between Case A or B.

Letting
e e
P, = vertical depth of the projectii

P = penciration of EEP projeetile into ocean floor

and applying Method 1 {paragraph I B).
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C-H, -R, -(P-P,) ‘

C-H, -R, -[C-11; ~(Cos ¢ (C-H, -R, )]

(C—Hl "R'l ) Cos ¢

or

P

v

PCos ¢

Therefore, the maximum error between the recorded penetration
and the vertical penetration is proportional to the cosine of the angle of incidence
of the gunstand and is independent of the serve cable length and other factors.

l
Figure 62 shows the current speed versus maximum possible error. {

It is emphasized that these are maximum values for a hypothetical soft sediment.
The error in a real sediment will be less than these values. 1

The requirements to which the EEP was designed state a limit of
2 knots of current. Figure 62 shows that the maximum penetration error is 10
percent. This is not significant in view of the fact that extraction force values will
also help to give a more accurate indication of the sediment’s strength.

CURRENT ANGLE OF INCIDENCE MAXIMUM ERROR ‘
(KNOTS) (DEGREES) (PERCENT)
1 7 1 !
2 2 10 {
3 40 24
4 48 32

NOTE: THESE VALUES WERE DERIVED FOR A HYPOTHETICAL CASE. THE ERROR IN A REAL SED!-
MENT WILL BE LESS THAN, BUT MAY APPROACH, THESE VALUES.

Fig. 62. Maximum error of penetration data vs current velocity.

2. Excursion Determination. The excursion of the gunstard from under the
MSB and the amount of wire rope requircd to reach the ocean bottom can be deter-
mined theoretically.
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The forces acting on a segment of the wire rope arc its weigh?. the lift 2md
drag forces exerted by the current, and the force of the gunstand at the lower cod.

The force per unit length is

pV? pV2
A+ Cy > A

% 2

The lift and drag coefficients, C; and C;, are given by Hoernes®

1]

1.1sin? acosax.

G

Cp 1.1sin? .

Writing an equation for a unit element of the wire rope (Fig. 63)
T'sin = w+F, +d,.

4 -
Tcos=dy +F,

H 1
where  w = weight of the cable per unit length
d, = vertical component of drag (lift)
d;; = horizontal component of drag
Fg = force exerted on the cable by the gunstand
Fy = Fgsin o .
¥, = F; cosa. '
«; = angle between the wire rope and the horizontal at the gunstand

This equation was programmed for a digital computer to integrate the equa-
tion from the gunstand up the cable. The force of the gunstand (F ) and the initial

5Sighard F. Hoemer, “Flwd-Dynamic Drag.” Published by the author, 1965.
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angle (a;) were determined experimentally during the tow tank test.

The excursion of the gunstand at various.currents is shown in Fig. 64. The

graph is entered on the right side with the water depth (d) and read across to the appro-

priate current. Dropping vertically from that point on the current speed curve yields
the distance (x) of the gunstand from a point directly below the stern of the MSB.

EXCURSION CHARACTERISTICS
OF
EXPLOSIVE EMBEDMENT PENETROMETER

1 KSNUT 2 KNOTS 3 KNOTS 4 KNOTS

130
120

)

b
[— ]
[—)

WATER DEPTH (FT
(- -4
[~

N
(— I —

0 1 i 1 1 1 3 1 1 1 1 1

20 40 60 80 100 120 140 160 180 200 220 240
HORIZONTAL EXCURSION (FT}

Fig. 64. Gunstand excursion as a function of current velocity and water
depth.

Figure 65 shows how much wire rope must be paid out to allow tie gunstand
to reach the botiom in various currents,

In a 2-knot current and 120 feet of water (the limiting conditions), |38 feet
of cable musi be paid out to reach the bottom.
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IV. CONCLUSIONS

It is concluded that:

].  Mooring Site Surve uipment can determine the suitability of an offshore
g Y p )

area for the deployment of the Multi-Leg Tanker System. The AUSE and EEP comple-

ment cach other to achieve the mission with a degrec of accuracy and reliability that is
not equaled by the deployment of one of the components alone.

2. The combination of a sub-bottom profiler and side scan sonar is far more
valuable than either alone. The side scan sonar aids in the identification of the surface
sediments on the sub-bottom profiler.

3.  The side scan sonar can identify manmade objects, natural terrain features
and ocean bottom surfacc sediment characteristics.

4.  The sub-bottom profiler can detect discrete sediment layers approximately
1 foot in thickness.

5. The sub-bottom profiler can determine the general sediment type of the
ocean floor and can distinguish between sand, rock, mud, and clay.

6. Limited testing has shown that enlisted personnel of MOS 51G with proper
training and sufficient experience can operate the AUSE.

7. A correlation exists between the penetration and extraction forces of the
EEP and the penetration and holding power of the USAMERDC XM-200/XM-50 EEA.

8. The Mooring Site Survey Equipment can be deployed from a 25-foot Coast
Guard Motor Surfboat in light seas.
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Chesapeake Bay Test Sites
Core Sazple Log

Site t Site 2
PR Classification Depth; PR Classification
S
dark grey siity Su
SH sand, terrace s:-.:llf 7 fine grey silty
- - sand
<
-
SP-S¥ | silty fine sand I
65 SH 12
R .
silty fine sand 3 7
5P-s:1 L 10-
L -
CL -
sandy silty clay - -
11 = =
= -
o -
- 20 27
- 25 ]
= .
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Chesapeake Bay Test Sites
Core Sample Log
Site 3{C) Site 3(D)
PR Classification Depth| PR Classification
5 - fine sand, little
silt, dark grey-
s} 3 ] 4 M brown
Cu-0H} clay and silt, - )
little organic i
matter L. S 4
dark grey !
(occas, traces = -1 26
of sand) S fine to coarse sand
trace of silt,
3 T brovm
i .
. 104 26 SP
\
T T |
- i
5 R Sp fine to med. sand, q
brown
- 151
sand & shell, gray
B -4 18 sC
T !
i ML silt & clay, some
- . very fine sand &
2 4 shell frag.,
- 20 12 dark grey
3 -] 43 very fine sand &
= 1 s siit, dark grey
25 - 31
2 lenses of peat & |-
OH-PT| silt
L
7 17
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Chesapeake Bay Test Sites
Core Sample Log
Site 3(E) Site 3(F)
PR Classification Depth| PR Classification
fine sand & trace B
6 1 S Jof silt
brown and dark grey [ 5
B SP-SM} fine sand & traces
of silt,
] brown & dark grey
. 5 4
SM  |fine sand, some silt,] | 9
dark grey
Soft i ]
T silt, some clay,
- 8 ML little sand,
104 dark grey
_ fine to med. sand,
23 16 sM | little silt
g [fine sand & a little| 7
silt, dark grey F 4 11
- 15 -
silt, some clay,
[~ . ML little sand,
Soft - 4Soft dark grey
- -
-
3 MH 1 st1t, some clay, L 90
Or | occas. lens of
OH Sand, = I
2 dark grt;y . .
trace of organic ma - 1 oM fine to med. sand,
little silt,
CH 1 dark grey
25 7 Mi-oy | S11t & clay, trace
L - of organic matter,
3 3 dark grey
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Chesapeake Bay Test Sites
Core Sample Log

Site 3(G)

Site 3()

PR Classification Depth| PR Classification
fine sand, traces N B fine sand, little
of little silt, silt, tr. orgasnic

4 | sp dark grey & brown + 4 4 | M lmarter, dark grey
SM B
- 41 16 sp |fine to course sand
L 5 ] trace of silt, grey
!
-
MH silt & clay, trace -
of sand, dark grey, R
6 slightly organic 7
. 10 4
sc sand & shell.frag. - -1 s0 fine and med. sand
and clay & silt . -
18 o - sp-sm}i® layers with trace]
B A of little silt,
38 sM | very fine sand & dark grey
silt, dark grey L -
7
= 15 ] 0
very fine sand &
SM silt, [~ N
80 dark gray L]
4 3
- 20 3
N CB | clay & silt with
i lenses of peat.
i dark blue-grey
- 25 1
. -
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Chesapezve Bxy Tes: Sites
Corz Sample Zog

TESETITE A RITEIETRE T 11T Y

Tzze WP Site &
B
e ) ﬂ Crestficeefon !'aemb PR Classification
n o -
| o cond
_ - - silty, fine sam
> sk, dark grey i | tark grey
- 5
~ 5,4
5 30
R 25
L 10 -
£ a0 saxd & shoell i R
- - 15
28
2P o e
L - silty med. t» fice
- i SP-SH{ sand. brown
e -
£z ve7y five saod & 20 -
22 o siE. i 35 sardy silty clay,
) cerk grey with occed ZL  {trace shells, dark
le=s of (¥)siit i 62 grey
, <7 - 25
y 15
; ] i 16 _ _
Bl
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Chesapeake Bay Test Sites

Core Sample Log

Site 5 Site 6
PR Classification Depth{ PR Classification
fine sand, clay & i fine sand, little
SM | siit Ny M| osilt
= - gp-sNl fine to med. sand
organic silt and ] shell frags.
OL-SM very fine sand, little silt, grey
micaceous, trace - 5 4 non plastic
shell grags. B
» . OH organic clay & silt
trace of very fine
- sand, dark grey
-] high plast.
- 10 4
—— fine to very fine
SM-OL| gand & organic
- silt, trace of
[ shell frags.
med. plast.
- 15 .
- -
i SM
5 .
- 25 -
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"Chesapeake Bay Test Sites
Core Sample Log

Site 8 . . ) S.'ite 9
PR Classification Depth| PR Classification
OH organic clay &. 5 22 )
silt, dark grey - . fx.ue sand, ‘some
plasticity high [ 7] silt, trace of
. 4 shells, grey
L .
- 5 -
L ,
3 7 4
- 10 40
L} L_ T | ‘ )
L .
; | ] (
- 15 6 fine sand, some
- . silt pockets, grey
) J . .
- s 1
- 20 © ‘
B 1 . ’
- -
i
s 1 )
- 25 -
IR
J -a
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Chesapeake Bay Test Sites
Core Sample Log

Site 10

PR

Classification Depth| PR

Classification

soft grey clayey i
silt, trace fine T
sand L 4

—20—1

- 25-—
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Time

1971

19 Jul
20 Jul
21 Jul
22 Jul
23 Jul
26 Jul
27 Jul
28 Jul

n000
Perioa it
(sec) (ft)
0.0
0.0
0.0
25 07
0.0
20 07
30 12
25 07

0400
Period Ht.
(sec) (ft)
no record

25 07
35 25
20 0.7

0.0
20 0.7
20 1.0
20 0.7

Wave Data
Chesapeake Bay Bridge-Tunnel
19-28 July 1971

0800
Period Ht.
(sec) (ft)
no record

25 0.7
4.0 3.0
20 0.7
40 1.5
20 0.7
25 15
25 1.5

1200
Period Ht.
(sec) (ft)
no record

0.0
3.0 1.0
25 1.0
35 1.0

0.0
25 1.0
30 1.0

1600
Period Ht.
(sec) (ft)

30 1.0
20 07
3.0 1.0
3.0 1.0
3.0 0.7
20 1.2

0.0
20 0.7

2000

Period Ht.
(sec) (ft)

3.0 1.0
30 07
4.0 1.0
30 1.0
40 1.5
20 0.7

0.0

0.0

Obtained from U. S. Army Coastal Engineering Research Center, Washington, D. C.
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Explosive Embedment Penetrometer Test
Chesapeake Bay Test Sites
15 Oct 1971

Test No.  Buoy No.  Penetration (ft) Load Range (Ib) Shear Point (Ib)

B atali,

pren

2

1 ] 18 — 1900 @ 15 ft
2 J 19 — 1800 @ 12 ft
3 C - 400-600 1500 @ ——

4 C 16 — 1600 @ 14 ft
5 C 14 800-1000 1600 @ 12 ft
6 D 8 — 1700 @ 3 ft

7 D 17 800-1000 1500 @ 14 ft
8 D 15 — 1600 @ 9 ft

9 E 12 — 1600 @ 10 ft
10 E 10 —_— 1700 @9 ft
11 E 14 —_— 1600 @ 9 ft
12 F — — 1700 @ ——
13 F 17 400-600 @ 124t 1500 @ 2 ft (?)
14 F 16 400 @ 168 ft 1600 @ 1 ft (?)
15 F 17 400-800 @ 104t 1500 @ 1 ft (?)
16 G 15 — 1600 @ 11 ft
17 G 14 — 1500 @ 11 ft
18 H 16 — 1600 @ 14 ft
19 H 15 _— 1500 @ 12 ft

e

e
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Date

12 Oct 71

130ct 71

14 Oct 71

15 Oct 71

Obtained from U. S. Army Coastal Engincering Research Center, Washington, D. C.

Hour

1300
1900
0100
0700
1300
1900
0100
0700
1300
1900
0100
0700
1360
1900

Wave Data
Chesapeake Bay Bridge-Tunncl
12-150ct 1971

Significant Period

3.0
3.0
3.0
4.0
3.0
0.4

3.0
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Significant Height

0.0
0.0
0.0
0.0
0.7
0.0
1.0
0.7
0.7
1.0
6.0
0.7
0.0
1.0




APPENDIX D

POTOMAC RIVER TEST DATA

Explosive Embedment Penetrometer Test
Potomac River Test Sites
1 Nov 1971

Location  Penetration (ft) Max. Load (Ib) Predominant Load (Ib) Comments

Pctomac R. 24 1700 600-800 Silty clay on
site 2 (sheared) (up to 20 ft) surface.
Potomac R. 18 1900 — Pin sheared ot
site 2 (sheared) 11 ft penetra-
tion,
Potomac R. - — - Broke cable
site 3 on firing.
Potomac R. 29 400 - Soft grey
site 3 silty clay.
Potomac R. 29 400 300-400 -
site 3
Potomac R. 26 400 300-400 -
site 3
155
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APPENDIX F :
OPERATOR TRAINING COURSE OUTLINE
NEW EQUIPMENT TRAINING PLAN FOR
ELECTRONIC UNDERWATER SURVEY EQUIPMENT
CONTRACT DAAK02-71-C-0410
PARTI.  CLASSROOM TRAINING — 40 hours
A. Basic Sonar Concepts — (4 hours)
1. Principles of Sonar in gencral — (2 hours) |
a.  Sound Sources
b.  Hydrophones
¢.  Beam Patterns of Arrays versus Frequency
d.  Attenuation in Water and Sediment versus Frequency
e.  Source Level \
f.  Target Strength
g. Noise ,}
h.  Sonar Equation 3 {
i.  Amplifiers 4
j-  Time Varied Giin ]
k.  Display of Data (Recorders)
{
2. Seismic Profiling Sonar — (1 hour)
a.  Frequencies Used {
b.  Scund Sources
¢.  Hydrophones ;
d.  Beam Patterns
e. Recorders i
3. Side Scan Sonar - (1 hour)

a.  Concept
b.  Frequencies versus Range/Resolution/Beam Pattern
¢ Dual Channel Recorder

Lo aenniialtac %
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B. Introduction to the Electronic Underwater Survey (EUS) Equipment —

12 hours

1.

Recorder — (8 hours)

a. Driver Circuit 5 kHz

b. Driver Circuit 100 kHz

¢.  Sonar Amplifier

d. 5kHz Amplifier

e.  Trigger and Gate Module

f.  Negative Ramp Generator Module
g.  Print Amplifier

h.  Switching Circuit

i.  Test Circuit

j-  Power Supplies and Inverter
k. Miscellaneous

Side Scan Towed Body — (2 hours)
Seismic Profiler — (2 hours)

ia. Towed Sound Source
b.  Hydrophone

C. Operation of EUS Equipment — 10 hours

1.

1

Side Scan Sonar System — (4 hours)

Deployment of Towed Body

Tow Depth versus Speed and Cable Length
Range Controls

Gain Control

Time Varied Gain Settings

Output Test Procedure

Receiver Test Procedure

Scale Lines

U I S =

—
-

Seismic System — (4 hours)

a.  Deployment of Towed Sound Source
b.  Deployment of Hydrophone

¢.  Operating Speed

158
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Range Control

Module Control

Power Level

Gain Control

TVG Control

Output Test Procedure
Receive Test Procedure

Il (s A 9

3. Recorder Operation in General — (2 hours)

a.  Paper Change

b.  Helix Blade Adjustment
c.  Panel Light Intensity

d. Fuses

¢. Event Mark

f.  Elapsed Time Meter

D. Maintenance of EUS Equipment — (6 kours)

1. Routine Maintenance of Recorder — (2 hours)

a.  Fuse Replacement
b.  Lamp Replacement
c¢.  Helix Replacement
d.  Endless Loop Electrode Replacement

2. Troubleshooting — (4 hours)
a. Effect of Failure of Cards:

(1) Trigger and Scale Line
(2) Negative Ramp Generator
(3) Print Amps

(4) Transducer Driver

(5) Relay Boards

(6) Sonar Amps

(7) Test Boards

b. Effect of Fuse Failure

E.  Record Interpretation General — (6 hours)
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PARTIL

A.

1. Side Scan Records — (3 hours)

a.  Density of Bottom Retyrn
b.  Size of Targets
c. Shadows

1o

Scismic Records — (3 hours)
a.  Outcroppings
b.  Stratification

c.  True Depth Determination

Specific Application to Selecting Mooring Sites — (2 hours) |

1. Absence of Rocks and Outcroppings:
2. Firm Sediment

3. Depth of Sediment

SHIPBOARD TRAINING - 40 hours

Installation of Equipment — (4 hours)

1. Recorder — (1 hour)

a. Mounting"
b. Power Connections

2. Side Scan Towed Body — (1 hour)

a.  Tie point of cable for various depths and speeds
b.  Length of cable used for various depths and speeds
¢.  Connection to Recorder

3.  Seismic Sound Source — (1 hour)
a. Tie Poinf of Cable
b. Length of Cable
c¢. Connecction to Recorder

4. Hydrophone — (1 hour) ‘ A

a. Use of Boom

160




b. Adjustment of Depth and Keiative Position to Sound Source
c. Connection to Recorder

B. Operation of Equipment — (12 hours)

1.  Sidec Scan Sonar — (5 hours)

R ange Settings

Gain Settings

Test Procedures

Actual Operation by Each Student

e TP

2.  Seismic System — (5 hours)

Range Setting

Module Control

Gain Setting

Power Control

Test Procedure

Actual Operation by Each Student

U

3. General Operation — (2 hours)

a. Blade Adjustment

b. Light Intensity
‘¢.*", Event Mark

d. - Paper Change

e.

Actual Operation by Each Student

"C. Maintenance of Equipment — (6 hbﬁi’s)

1. Routine Maintenance by Each Student — (2 hours)

Fuse Replacement

Lamp Replacement

Helix Replacement

Endicss Loop Electrode Replacement

.0 o

2. Troubleshooting — (3 hours)

a. Instructor Induces Various Failures. Students endcavor to
Ascertain which P/C Card or Fuse has Failed.
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R |
D. Safety Measurés — (’2 hours) u

1. Maneuvering with Towed Bodies — (1 hour)
a. Lerge Turning Radius | !
b. Stoppmg . ’ ‘ |
' !
(1) Haul in all Tow Lmes to Minimum Scope Prior to Stopping.
() Make Sure no Lines are Under Boat.
(3) Make Sure S. S. Towed Body will not Strike Bottom. ,

¢ Getting Underway

2. Recorder — (1 hour) ot ‘ !
I :
a. Tum Off Power! before Opening any Covers '
b. Short Out Energy Storage Capacltors before Servicing

E. Operation in Various Areas — (16 hours) ! ;

! : :
Repeat B in other areas to attain more experience in operation and to '

observe varying bottom conditions. !

PARTIIL LIST OF AREAS FOR TRAINING, .

A. Areas Having Variety of S;xbbotjom Features |

1

1. Salem Harbor

2. Offslllore between Marblehead and Boston Outer Harbor ,
3. Boston Outer Harbor o

4. Boston Inner Harbor \

PARTIV. QUALIFICATIONS OF INSTRUCTORS : o '

A. Robert F. Henderson, Serlior Engineer will be the p‘rzmclpaI instructor. He
has 6 years’ experience in design.and operation. of seismic and side scan sonar
systems with EG&G. Other related experience and education as per attach.

ment 1, ) ! ’ |

B. Arthur G. Gerokoulis, 'I‘echmcal Specialist will be the assistant mstructor He
has 8 years’ expericnce in the construction of seismic systems and 3 ycars’
experienée in canstruction and operation of side scan and seismic systems,

1
1 ' '

t
! '

1)
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