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IS. ASlSTRIACT

--- 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 prospective mooring site and: (aW Locate subncrged objects
that are navigational hazards to ships and lifters operating in or around mooriqgs. P Determine the suitability
of the sediment for the deployment of the USAMERDC XM-50 and XM.200 Explosive Embedment Anchor
(EEA). (c)'Provide a continuous water depth record in the miooring. (,l)Determine profile of bottom from
shore to mooring site to determine suitability for installation of submarine pipeline.,

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 ocean floor.

The AUSE, a combination side scan sonar and sub-bottom profiler, is initially deployed at a mooring site to
detect submerged and protruding objects and determine the general sediment compositioný ,himinating those
areas not suitable for the EEA,-the EEP is deployed at the exact location where an EEA is/o'be fired. The EE
fires a projectile into the ocean floor and measures the penetration and force required to extract 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. 1

Testing and development of this equipment is discussed. - 1. -
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SUI IMARY

The U. S. Army Mobility Equipmcr t Research and Development Center has devel-
oped Mooring Site Survey Equipment as part of the Multi-Leg Tanker Mooring System.
The mission of Mooring Site Survey jEqu pment is to survey the ocean bottom and sub-
bottom at a prospective mooring site anc :

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

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

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

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

The components of Mooring Site Survey Equipment are:

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

b. Explosive Embedment Penetrometer (EEP), which determines the suitability
of ocean bottom sediments at a particular location for the deployment of the
USAMERDC X M-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 prutruding 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
projectile into the ocean floor and measures the penetration and force required to ex-
tract it. The penetration and extraction forces of the EEP are correlated to the pene-
tration and holding power of the USAMERDC XM-50 and XM-200 EEAs.

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

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

ii



complement each other to achieve the mission with a degree of accuracy and reliability
that is not equaled by the deploymci! of one of the components alone.

b. The combination of a sub-botiom profiler and side scan sonar is far more
valuable thai, either alone. The side scan sonar aids in the identitication of the surface
sediments on th( sub-,ottom profiler.

P. The side scan sonar can identify manmade objects, natural terrain features 4
and ocean bottom surface sediment characteristics. 4

d. The sub-bottom profiler can deteci discrete sediment layers approximately
I foot in thickness.

e. The sub-bottom profiler can determine the general sediment type of the
ocean floor and can distinguish between sand. rock, mud. tod :lay.

f. Limited testing has shown that enliýled personnei of VOS 5 C with proper
training and sufficient experience can operate the A USE.

g. A corielation exists between lne penetration and extraction force of the
EEP and the penetration and holding pouer of the USAMERDC XM-2')O/XM-50 EEA.

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

all
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FOREWORD

Authority for desigon. fabrication. and testing of Mooring Sile Survey Equipment
is contained in Task 1J664717DL4!OI. "Marine TeripinaVs*.

IDe.~gn and fabrication of the major components wen- accomplishecd under Coll
tracts bv the En~ironnmecitaI Eqpilpment Division of F,&-G (D)AAkO2-71-C.0410) and

~1iv~Systems,, Inc. (I)AAK02-71-C.0274). Toe design .:d fabrirationl of the an-

(Iavcotrnpon(ents urere accotnpli;4d at UF IMi-A' C ~inder the~ direc""on of %A illia
S. Guerrant. Chief of Construction ~nd Nla-inc' 5x stenms Branch. Vzt uv i:d.n. Equip-
menti Division. US XNIERDC. Tize ~U~ugUSANIEROC personnel have been acti~e
in the deielopnucnt of Mooring .',iv ruey Eqluipment: I LT Kenineth R. Hitting. SP-1
D~aId J. Kramefr. and SP4 Duanre Braun.
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SYMBOLS

A Profiler w of the EEP wire rope-

B Beam width of side s-can sona.

C Srs-ere --,1c icnrgh.

Co Cofficient of draf-

CL Coefficient of lift.

d Water depth.

Da True listance (or length) in the dirrtfion paralld to the direction of the
vrsid-•-!s motion.

dH Iforizontal component of drag.

d, Water depth indicated on sub-bottom profiler record.

dL 1Lateral distance from a point below the vessel to the target.

dr Radial distance to a target from the side scan sonar transducer.

Dr True distance in the direction perpendicular to the vrse- path (range and J
direction).

d, Vertical component of drag.

F0  Force exerted on gunstand by wire rope-

g Acceleration due to gravity.

h Height of object or, .:cean floor.

If ileight of side scan sonar above the ocean bottom.

III Distance from the bottom of the gunstand to the shear pin block.

I Image dimension on the record.
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P Pttnelrzlion of EEP projectile into ocezan floor.
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R Radial diat•ance to tarlget.

r Length of acounz-ic Aiadow.

Ra F",otzgr counter reading at first indication of load.

R. Footage counter reading at termination of load.

R' Fota.ge counter reading at interface.

Rr Rate at which paper moves out of recorder.

K lRangr scale.
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Spot ie
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Tr Teso..

T -Sd _-,can tramAut dpth-lk

velocidt of water u,,-rnt.

V Vlsocitv of veFel oin thie ocin floor

S-Wei!it per unit Ictn th of wire rope.

Wl. •2 ComporcnUs of width.

WT l'Width of an oblique tarxwer
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An.en of EEP wire rotw.
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KiORJING sRM suTVEY EQUIPENT

L IN T HOD VC n ON'

The U_ S.. -Arm- 1lolit~ Euipnmnt Ktwirre a=d Ikcidopmewnt Crater
-JA M ER DC). Fort Bdwgir. Vuiniz. if den t*sne itduie M~d li- Loq, Tzhlk Mooring_ýye-

le= consgintm of a tactical. awirtrmansordaW nmnia-cow~4nzdion siy-4m. and a d,-hlb-
Crate nmwoing _,km uinstalWbte with mintimaru nuxnue cionstruction txnipwml_

The cionstriction time and artafct~~v1~ign initatioas nomLitaite hue
-. r of ripktsim en*mlrent iludlocs radarn than the common chauin and anchor ti11w

7 1 Xe -350 Explosis c Ein!ed n wn I An -hr. (EE-A) dc d o ptd 111or tIf& --y-4 m f iv
13SAMER*DC is deployed inam- rediaLI in _ran4s and clzvýF uili inot hold in mu& zal can-
n~ot penetrate rock This uuecr--itales th dweimination of Frwftpcxer mocqiM A-vtc_ Ifnin
hate in &-4afoe dwzmderi4i#c- This is theý mi~onf MIom. iwg _1ki _Surve Equipmornt-

M1ootnng Site Sxnier Equipment OISSE) is cornp~k~d of iwo ~vitponcrats: Acoctsic
Underwater -Suncy Equipmerat (AL SE) and Explosive Embedment P'eaceromwicr (EEP).

Acxxustic LUndenruater Sumer Equipment is a comliination side ,scan sw<ar ard snili-
bottom profiler. The ,side-Acan sonar defect-- manna~de and netural obstructkons on the
occan floor that mogt damnage a tanker as it approadnes th mowring, The sub.-bottoi
profiler give-- a porner~al indication of the sedlimen! suitafility fwi Ohr dcploiient of the
EEA. It also gives a continuous water depth record in the mooring..

Once the AUSE ha-s identified areas: that appear I,) fie i-uitabW for the mooring. the
EEP is depoored at the ex.act locatiow-. where lhe cxplof iN embedment anchor:s are to

r ired. The EEP i:- lowered from a 2.S-fo', Coast (;uar-6 %fgttor - rf 1la (Ifl n
hirr_ a projeItile into Il. tinocran floor. line forcw required to extract tiar proiectile and
Vfv- penetraltion of file projectile into the o".an flopr- are mea-4ured- From this informa-
lion, the potential holding pi-wer of file XNI-50 EE-X call for predicted. Uherrcas liar
X1 ý;E detes-t, ia teo-call floor remolei'. ther FEP pro~ides: a p' i4haunule'- coal th

If. XCOUSTIC U\1E11 1 ATERI SUR VEI- E)L.['XIENT

A. Concept

1. General De-scription. The mi~ss-ion (of thar %USE I- it, -wicdthereaii fl',r at

a mofi(rimn -tic atid deterumin'i 1,1 artpu?-fic mean3iL itý -4iilabihlI Got- the de;ilto,i mneritol tile-
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2. 9% rferrminmng ptamA12immI l vocqPuftowln up to50i finn Lvdlow thor
"Kr=~ FROCC and ztf anr itef mot -4viabk foe the deTloymert of the LFA.. The tw~o
condtiow fimitim% thr ow of thr LEA zme -Aoixd ton oft to pstrimi the MA to de-
¶,tk¶p x~aaar3 Ib&Um pwatr. wAN mri btollo into wh"d the EEA ciz~m:pmotlr

and rordt) on the orto floor whid! awr m tn~fovmA kuazandtL- 'e or fihilvF p
wraudhin' or OPMniatn Withina lbr tnxia;n -41C.

C-. By, prosi~mX2 ciontiima .. analc rec~cd of the umttr depth throovA-
out hEw catjwuxnw and im the appr dm-he it %7MU identifywx z: in or mear the RNMIur9
iseaw tho zez d~e&pth iL, n~ot -4fixiet for line opmzation of Warrti or Iaumd~r.., Thir-
informzatmaion f wM Aw apeL4in dto ir.;1~? l~th maximun sif drift of a tanke (Le... thr
quaantity ef IE-hEkum it canik-4 LtfOre it if &Fpatirfid to tL'-- M';

2. Sar C~ncepb.. The AUSE 6- 3 c&ulination -4-k --can and -onar -abo~loron-

aL Sub-Bottom Prkofic-- The --q&,eizow prfofik if- a -doiiin-looking-
Zonir that product-- a profile of thse occn [sallo tord ciiwhL- alongawrttk'al plzne

(Fif.. M) The -4uS!t&*Iom profiler oroxwi~l, of a --O'.md --xrcvr and a revisier.

The --ound --ourttror t~r21niL-C arutic -i'erM_ vriticalk into the ocrar
floor.. The ener, reflect-: of.-- the otean floor and arturlit to a Wraterborsw e nrrerr on
the --rnfatr- Thw omount of merxig and the time intenal orer which. the encvn it- re-

turned are indiriion5 of the -_cnesal type of -ednuent present in the ov=a fl-oor.

go general. the penetration of the acouwtie enemr - into !he ocean floor i'
im"Myd proportionred to the f wrw-ynnr of the outgoing put'e. The re'olulion of the
,edimiert layerý' i- direetlk propurtionzi to thelf'requency and i, genera~yc~r ee-ideard to
kw one-half of tie waiaeength of the tran-rnjtted pFilr-.

b. Side.Sran Sonar. S-ide --an --otnar acrroz- the ocran Moto'r and de-4
tenL- natural and uarnmade tolxjertl and !.urfaer -edims-rt rlaaraderisitie-- Side -sran sornar
:I#"- "got poractrate the ewear iMoor-

The ,,de -'-rart -,onar iran'dircrý. arc mounted in a towed ho~di that 14 ,u,-ý
prtm1lerl 27) 1t1.51 feelI almenie th cw'-an flqoor. The fran-dticrr --end?. a fan-halid 1-ul-r

perji;~uliart, thc track of lfir %er.-. and de-clinied -h-A11%l fr,'m the horizontal (Fig 2).
TueC a' I"ta-ttr IIgrrZ thatf reflect,! 4ff the org-an floor I- rret icaoe in a trai-dtucer in the

l'uri~dlfil-
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~id cn -sona pwoducces a recourd -similar to an aerWa photograph of the
mvin Nlon. The heigght and lengh of object, can be determined from the side scan so-
nar r-rpd.

Ii Fotty. qw Fp~mmt

Towasses the (easibilitw of the application of sona la mooring s-ite surveys, a con-
tract wa.s awarded to [he Environmental Equipment Diti-sion of F.GC Waltham. Nkss;a-
dnmMEtt. to fabui-ate the riceer -n- equipment-

EG&G manufactures a -i-de scan sonar and a sub-bo~ttom profiler for commercial
itsr. To comsene the limited space ivalabkc in tfie NMSI. the two instruments were comn-
lined into one unit- USAIIERDC leasecd the equipment and tested it in areas that
offered a %-xiety of ocean bottom and sub-bottom conditions.- The results; of the tests
-huowtd flat z cambination side scan sonar,-sub-bottom profiPler was a feasible approach
to t& aser mn of mooriie Aite sumitability.

Draeinxg upos [fie experiecne pained duning the tests, a purchase description was
derived for the serond genera tion equipment that would meet the specific military ncds-
of the Multi-Leg Tanker Mooring System.

C. Description of Equipment

1. General Description. The AUSE combines a 5-kMzsub-bottom profiling sys-
temn and a dual-channel side scan z-onar system sharing a common recorder (Fig. 3). The

su-bottom profiling sy temn provides4 a prosfiloftes-btmsdintayrblo
the %essel's path. The side-sean system provide-- a plan view of the ocean bot tom on
both sides- of the vessels- path. All equipment is powered by two 12-volt batteries it)
scries.

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 receiver are within the towed body. The sub-bottom
profiler employs separate sound source and receiver.

2. General Specifications. The AUSE was designed to be operatedl by two melt
on a 2.5-foot Coast Gutard Motor Surf float (NISB) at some speed beCtween 3 an(l 6 knots
in water depths between 25 and 150 feet at a sea state two or calmer Conditions, wvith
ambient temperatures between 250 F and 12.5' F. and using two or less storage batteries
for power. The side scan sonar transducer is designed to provide a 10-foot resolution of
objects at a range of 500 feet.
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The sub-bottom profile ;s designed to determine water depths to within ± 1
percent of thie true depth in 25 to 150 feet of water and to provide 50 feet of sub-
bottom penetration 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-
ent 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-
ousy, one on each 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 generator card), repairs may be made
by identifying the type of operational problem and removing and replacing that
PCII while the instrument is operating. Two reserve sets of PCB are carried with
the records to effect 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.
Svveral PiCBs (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 (J3), the sub-bottom profiler (5-kllz) driver board
discharrges a bank of capacitors into the barium titanate ceramic transducers
(if the pinger probe. The electric pul.ke causes the transdnucr to expand

8



rapidly and produce a pulse of acoustic energy. The clicking so'-d can beheard by the human ear.

The acoustic pulse travels through the water column. reflect.-
off tile ocean floor and sediment interfaces, and returns to ile waters surface
where it is received by the hydrophone. The sub-bottom profiler signal am-
plieiir (J9) receives the signal from the hydrophone and filters and amplifies
it to a level that will drive the print amplifier (J 1, 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 fhe event marker.

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

The filtered and amplified signal is conducted to the helix
strip through a comm, 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 composite of many lines
next to one another.

(b) Side Scan Sonar. Upon receipt 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 received by each channel is amplified and filtered by the side scan am-
plifier card for that channel (J8, J9). The processed signal is amplified fur-
ther and printed by the print amplifier for that channel (J 1, .12).

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 each revolution by a flash of light that passes
through a hole in the cog belt wheel on the end of the helix drum axle.

9
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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 because the gain settings of the side scan sonar and sub-bottom
profiler arc quite different. With 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 11 II).

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 description 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 0.12-joule output. The effect of
the switches is shown in Table I.

17
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Table I. Power Output

.12.25J % MAX. POWER
SWITCH N SWITCH N OUTPUT

X X 100%

X 75%

X 50%

25%

(e) 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 ieen on the side scan sonar record is at a radial distance of 150
feet from the fish. The 600-foot scale wilt insonify four times as much ocean
floor as the 150-foot scale, but the image of a target will be one-fourth the
size.

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 scale.

The 600-foot range scale is useful only for performing a side
,can search over a large area for a large target. The necessary detail cannot
be .scen on the sub-bottom profiler record on the 600-foot scale.

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

The PCBs are identified in three ways:

19



(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 Code. 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 elapsed 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 difficulty 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
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are putting out a signal at a designated level, a light line will appear 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. I I). When the output test switch
is pushed, a line 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
(Fg )caps.

In the prototype instrument, the fuses were located inside the re-
corder case near the rear. To replace a fuse, it was necessary to 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. It can be operated with the cover on and the record being
observed 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 electronic 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 power switch and operates whenever the recorder is operating.

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

'21
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As the recording paper passe- between the helix blade and strip, a
small amount of paper is scraped off the back. This fine powder falls to.the hot
tomn of the case and is blown out through the bottom vent.

The two handles on the front panel hould not be used to lift the
recorder. They are provided to facilitate the removal of the recorder chassis frv'm:
the case. j -

Two straps are provided to as.s.s in the removal of the recorder j
from the storage chest., .

(13) Recorder Srecifkation&:

Size 24in. x 31.5 in. x 12in.
Weight . 107 lb . i
Range Scales 150, 300, 600 ft
Scale Lines 25 ft
Voltage 24 volts DC
Current 7 amps miix.

b. Pinger Probe. The funcion of the:pinger probe (the sound source for
the sub-bottom profiler) is to transmit a 5-kHz acoustic pulse of 0.4-millisecond dura-
tion into the sub-bottom se4iment 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 iow cable
is used to tow the pinger prdbe. The connection of the tow cable to the pinger probe i•
approximately 10 inches to the icar of the nose on the otitside, of the float (Fig. 4).
Towing from this position, the transducer will plane away from the boat and avoid the
wake. The !urbulence'of the wake attenuates the outgoing signal.

A kellum grip securesthe cable to the float to relieve the tension on the
electrical connectors at the transducer.

The specifications are 4s follows:

Size 62 in. x 28 in. x 14 in.
Weight 92 lb
Frequency 5 kliz
Pulse Duration 0.4 millisecond
Beam Pattern 30* x 1200 elliptical 'one
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e.- UIry~ehomr. Thw function of the mb-bottom pirofikr h dnrphone i
to receive the acoustic refledioro from the lbotom and subottom laymss tswduce
them to decical signak. amplify thde ectrical -sigink and der then to the ir-
-c de, for furthef Procusing and isplay..

The hydrophou€e consiss of an oil4illed hose conmtaining= eight-,'m t
anry of ceramic, acceleration-canceiling cxryal transducas and a rempamllier. A -.
foot electrical cable is used to tow the r&ophone and conned it to the reconder.

A 30-foot tail of Mi-inch cord is attached to the end of the hydrophone
and enhances the hy-drodrnamic charadceistic-s of the I-&ophone. Loose knots can
be tied in the tail to increase the drag of the tail. The tail will also help -straiten the
hydrophone and :ake out the Aight curve that is caused by coiling it into a storage
chest.

The drag created by the tail lifts the hydrophone and asits in mointer-
acting the sinking force of the electrical cable. This is important when operating at
slow spccds with the hydrophone a great distance behind the vessel.

An eight-element hydrophozze receives only that signal which apprxoach-
es it perpendicular to 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
causes it to sink when placed in the water.

The specifications are as follows:

Size- 15 ft long x I in. dia.
Tail 30 ft long x 1/ in.
Tow Cable 70 ft long x 14 in. dia.
Weight 25 lb
Bandwidth 450 liz to 5 kllz
Number of Elf-ments Eight

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

The beam is approximately 20 by 400 (horizontal and vertical width re-

spe-lively) ,nd is tilted down ! 00. The transmitting pu!se has a frequenry of 105 kllz
- 10 kliz, with a duration of 0.10 millisecond.
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The u- 1In if bAstmnd tot 16,-&ov bw Atair ommy- 11 Ifith- k &r-
ward forwndat a -fin am o u•'t ra] m & ir baeigt: F. 4). Aou•w) 3rW f to fgmn it-

ALe Ilse Wa ct.ai-•n, m wte r to &e hAb l -v a cm& if rrmte" uir &r 1dep ma

f. w t¢• y he taliw -,2 fyrom hne (Fdg. !0), fi* WAc with IR

vcflTilt-u anin i O cuaky of the quidr co r l hthein pemi

T ihe whetif heario r not "n fapowrrsdv

LCIem1th 52in-
Dianweter 4 in-
Fins 12i).
Weight -Approximatlyi 410 lb

Th. De r ot A deprson is a hydrodyuamic body that exat a down-
ward force at a -specified speed sewvral kinues Wt weighIt (Fig. 4).. Their we utilized with
the -i& scan p rofih irh deep water to hold the fL an down Theyr ticrease the depth
that the r can reach with a limited amount of cable- The effects of the deprecsor
are dcpenetrd in paraggraph ie

f. Tea lnldroparone c tBes.t hYdrophonle (Fig. 10) is used with the
huilt-in test capability of the recorder to test the pinger probe and side scan sonar
transaucers to determinewhether or not the am retriansmattin- 2t2prenscribed level
(fig. I I)-

The tsst hddrophonc can also he used to determine the water depth if
the sub-boltom profiler h6drophone is inoperable. It can either be tied to ile profiler
hirdrphone or hung over the side of the boat- The bottom will appear on the record.
butl no penetration will be achieved-

g. Replacement Parts Boxes. The replacement MRI. helix strips and
b~ladecs. light bulbis. and other spare parts are stored in two metal che-,ts (Fig. 4). They
are taken on the boat during a survey so that repairs and maintenance can be accom-
plished of) thle Vesse-l.
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ocean boottom.

d.. Vessel %Maneuiers

(1) Getting Underway. When tile Initia: cai~ie length c-.cced!. thle wa-
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If deeper water is nearby, the fish should be deployed in deep wa-
ter and moved into the survey area 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 for as the vessel per unit
time, the fish's speed decreases, 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:

(a) 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 line 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 I,,',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 cable 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, ..nd the procedure
for recovery outlined in the previous section cannot be used, the following prore.
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 Arrangement-Hydrophone. The hydrophone 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 slightly 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-Finger 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 pinger probe can be towed
inside the vessel's wake if the wake is sufficiehtly flat.

c. Relative Position of Hydrophone and linger 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
(300 x 1200); therefore, the two transducers must be positioned as shown in Fig. 13.
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Fig. 13- IIdropho and pinger probe poLsition..

If the -ptration between the pinger probe 2nd bvdrophone excrees the
water dep th.ke penetration will fade because le--s acoustic energy arrivtes at the bydro-
phone. In -4-allow water. the tranndzcer5 s-hould be [owed close to the stern to reduce
t[~w se4p~atiofl between the hrdrophone and pinger probe-.

Where pos-sihle. the pingorr probe and hydrophone -should be positioned
on opposite sides of the wake- This practice will break up multiples and direct returns,
(paragraph G) by attenuating the acoustic energy in the turb~ulence of the wake-

In -hallow Water. the pinger probe should be pulled dloser to the stern
t'o reduce the separation-

dL Deployment Configurations for Vessels of Various Sizes. The deploy-
menit 1v(1nfigvration of the subp-hottom profiler can h~e modified to accommodate various
si7A5 (If %es4els. The optimum arranagement is a comb~ination of many factors, as shown
in Fmg 14. 11e follostina discussioni outlines thie rationale behind the configuration--.
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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 one 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 vessel 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 keep 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
power cable connected to the battcriec (Fig. 17).
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b. The side scan sonar rack is mounted on the stemr and tied to the cleats -
and the fish is placed in the rack and secured (Fig. 18).2

c. The hydrophoine 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 not in use. The fixture is designed so that the.
force of the hydrophone under tow holds the boom outito the side.

d. The pinger probe is placed ih the stern on the floor.

e. The cables are connected to the recorder.
SI I

f. Upon arrival at the purvey site; the pinger probe:is placed into the water
and 25 to 30 feet is paid out as the vessel moves off.

g. The hydrophone is fed into the w~ter 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 (Fig. 20) and launched (Fig. 12).
Deep water deployment procedures may be necessary.

i. In fairly calm cqnditions a speed of 6 knots yields good xecordsý.

4. AUSE Recovery Sequence.

a. If the side scan sonar cable length is greater thdn the water depth, the
fish is retrieved as the MSB slows as described above. T'e fish is placed in the rack on
the stern.

h. 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" hydrophone lifted out of the
water.
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E Opujbs ad iba6weae

8- lx~Reewder inOresfiii

(1) After the recoides is pLed in the M-58 and the powtr cl ife€a-
net-ed to the battriesi, the lid if fifted and proFFed up ui•t the leg.

(2) .rol of per is placed in the papercopartment that the
paper feed off the top of the roll The end of the paper is dratm out of the con-
partmmt and -liped tk'oug the dlot leading to dhe papa take-up conipartnt
(Fig. 21).

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

(4) The paper is placed into th dot on thc red. The end of the red
is replaced and the red twisted thre or four times to roll enough paper on to in-
s-re that the paper will ta-i

(5) The left end of the red is placed into the dot 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 slack 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 tuming on the recorder and
depressing and holding the Event mark. A dark line should appear across both
channels. If it does not. the window in the lid is opened and the thumbwheel
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
hclix strips and blades.

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

b. Tuning. To tutne eitler the side scan scnar or sub-bottom profiler:

(I) t e initial gain is increased until the hot tom appears on tie record.
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IL'Th. A,,Pr &•mutýroKa .to _-a* i• th a 04o dw •t h

kMul mtwha t •i-m s i nuita gto igh that thde w t4e of -e.

Sae ad C'oMtzKom w- ivatteb . it i' me!oug to go &-awo t he plo-
cindher 3pn and Mrazikp the gWasw Uam a Iba-Mve L, urirated and die rvticvd if oT -mi

from .-,4|theay Gavý,iti the •-*ottoe. aF.dxn-'e willrais darene~iw the ritWd n
%ben the aatrIomje with reaief alae the bottom

(e.gim .. anken ve'-ti or rock uncrop ge and nr .k sca uw,% pin thoul.d be at _-.ch a
lewdl thiat the aconzst C shadow is distinct b6t not -4o high that the detai iF obsaeLrd

The s-ub-bottom profiler pin amasi be high enough to reon.ire return,
from all the lahersF within the sub-bottom.- Excessne pin will darken the record and
obscure the sumb-bottom layer acwusic sipatuwe.

raents of gain to give thebest reRALts

c. Power lewd Setting. Transmitting power depends on s-ediment charac-
tcristics and operating conditions.

(1) Shallow Watr. In water depths up f-. 50 feet, buth power level
swiiches (Fig. 9) should be in the OFF position. As the depth approaches approxi-
mately 90 feet. some combination of the switches will probably give the best re-
suits (Table I).

(2) Deep Water. In water in excess of 90 feet. both switches should
be in the ON position. This will gibc the maximum power output ('/-joule) and
compensate for attenuation and sprcading losses.

d. Transducer Configuration Adjustments. The following record phenom-
ena may be caused by the transducer towing arrangement. They may be abated or
eliminated by executing the recommended adjustments.

Record Causes and Adjustment

D)oublc bottom ilydrophone too deep: ve;sel .pced should be in-
creased or hydrophone low cable length decreased.
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IAi o AuL &am arria+ _. ,- G&M wml md imvtmlmer frop, oftT
nCAk i t..,-n-d ZoMMA PC ofr &am" w orn" fbow

lme_'t. r•L,,'v d Aip pomwer.

i3Xwk ~E=sPA pw to =A Cmargne *- &direc n sa ~m d -s a rwtf d a ffy(oat
U~~ M&r WACte sfrfur -&Mi~rProh to bvymvhewwi. Didawae betvmrea

%-ACT A7 laEr and Ilw~ ai twice &he &qammc betwern
dir hrd -o1,boo and pingtn probe- The prtewwr of
a dir= uiriral ia-no rcriý fma. t mrw be dimalied
hyreducing the initial pin-

I)aikntrs betwern ocemu Ocran noife.. reduce initiail ptin-
bottom and s-urfaice

Intermittent white 5ureaks The PingrT Probe is either jumping out Of the Water
ar-record or the trwanducer is being towred through turbulenwc.

-Air under the tnntsducer faces attenuates- the out-
joing -4ignal. The pinger probe can be inured out

cd the turbulence or the v"~ speed reduced to
lessen the effect of the surfacz conditions-

Mlitiple echoes of the ocean M1ultiples are not usually :serious- except when they
bottom coincide wilh sub-bottom layers- Mlultiplesnmay

be irducee by lowering the gain or output power
!evd or placing the transducers on oppo-site sides
of the wake.

C. Side Scan Sonar Adjustments Darkness in water is usually caused by
the wake of the boat or signal reflecting off the bottom of the ve-ssel. Ile fish can be
loweri,d or the other channel can be used.

2. *Maintenance.

a. (leaning Writing Mechanism. The writing mechanism is the only part
of the recorder that requires frequent maintenance. Fine paper particles collect on thle4
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 (lamp sponge as shown in Fig. 22.
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Fi. 22. (Cleaning the helix strip.

If the clearance between the helix strip and Mlade i6 too .mall. the paper
can Ige damaged to the point of causing hio!e• in it. and keeping the helix strip clean is
more difficult. Proper dearance between the helix strip and blade will mininize the
trobh'm.

b. Replacing the Helix Strip and Blade.

(I) If paper collects on the helix strip frequentlh and ihe quality of
the printing de rca:.-:. it may be neves-arv to change the Ihcli\ strip. As the strip
ages. parts of it may become more flexible than others and it will be difficult to
adjut the helix Mlade height so that it prints evenly without damaging the paper.
If thu helix adjustment is correct, the helix strip should lw expected to operate
more tlhan 50 hours.
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Both helix strips must be replaced at the same time or the problem
will be compounded.

(2) If a fine light line appears to move diagonally acro:s the record.
thr•" may he a nick in the helix blade. Since the helix blade moves slowly to dis-
tribute wear. the nick will move across the record;. The helix blade can be turned
user to eliminate the problem.

(3) A lit of the most common problems and the causes arc listed in
Table II.

F. Record Interpretation

I. Aco",stic Signature Correlation. AUSE was deployed over a wide variety of

ocean bottom and subbolttom composition. The acoustic signatures on the record were
correlated to the sediment core logs so that general sediment types can be identified
eventually by the acoustic signature without prior knowledge of the bottom.

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

Information on ocean 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.

(1) 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 thouglt of as the transducer, since the signal is transmitted from

the transducer. I)istaices measured from lhe datum line represent thc radial dis- 4
lance from the transducer, not the water surface. I

The scanning effect is obtained by printing the signals across the
paper as theN return. Tre closest target will appear first (near the inside of the

record) because its reflection is returned first and is printed at the beginning of I
the sweep. Similarly, ihe farther targets will appear near the edge of the record.
since thev arc received near the end of the sweep.
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Table II. Troubleshooting Chart

Problem Cause and Solution

1. No signal return on either channel Use Built-In Test to determine if transducers are trans-
(scale lines and event mark present: mitting. Replace transducer driver cards.
all PCB in place). Insure that relay board is tight or replace the relay

board (J6).
Replace trigger board (.13).

2. No signal returns on one ch nnel. Apply input Built-In Test. If no response (light line),
replace sonar amplifier board for that channel (J7, 8,
9).

3. No scale lines
a. On one channel. Replace print amplifier for that side.

Check fuse for that amplifier.
b. Both channels. Replace trigger/scale line generator card.

Check +15-volt fuses.
4. No event mark

a. On one channel. Replace print amplifier for that channel (J2, J3).
b. Both channels. Replace +15-volt fuse.

5. No TVG control. 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.

6. No motor, no lights. Check 8-amp fuse (Fl).
7. Motor operates, no printing. Check + 15-volt fuse (F2).

8. Black over entire record. Check -1 5-volt fuse (F3).
9. No printing, no scale lines on Check fuse (F4).

starboard channel.
10. No printing, no scale lines on Check fuse (F5).

port channel.
II. Persistent fuse failure. 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.

12. No scale lines, (lots moving across Trigger lamp or helix drum is burnt out.
the record. Dark band at center
of record.
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The c~ean 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 ocean 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. l)redge 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, refeired 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 mound., will appear to
have rounded edges as will the wcoustic shadows (Fig. 26).

(6) Rock. Rock areas appear dark an(l coarse in texthie with iiscr(lte
point targets and( acoustic shadow, behind each. Fig•tire 27 shows a r,, oy lIollonm
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adjacent to a sandy one. 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 one 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.

1 _ _ R . _( 1 )
50 Channel width

where S = -pot size

Rs= range scale (150, 300, 600 feet)

Since the width of one channel on tie recorder is 5 inches, the
spot size for the 150-foot range scale is

inch x 150 feet = 0.6 feet
50 5 inch

Therefore, no detail less than 0.6 feet can be displayed by tile 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.
TIheoretically, an acoustic device should have a resolution of one-half the trans-
mitted wavelength. Since the sidc scan is a 105-kilz device and the velocity of
nouind in water is approximately 5000 feet per second, the wavelength (X) is

X - 5000 fps = 0.05 feet
105,000 Itz

Therefore, tle theoretical resolution is 0.025 feet. Since this is
les, thaln tlhe' pot size, tlhe rsinolution is considered equal to lhe spot size. The
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spot size of the recorder, not the wavelength of the transmitted frequenct, is tile
limiting factor of the resblution of the equipment.

The range resolution depends on the range scale and. to some ex-
tent. the :argct strength. and is independent of the distance to tile target or tile
vessel's speed.

"Thfe definition of the edge-s of tile target could be in error as much
as ! W on both tile near and far edges of the target as discussed above. The distance.
X. must he subtracted from the recorded image to give the tnre dimension. Since
the spot size is the controlling factor rather than the walelength. tile spot size is
subtracted from the recorded d(imension.

lr-IRs
D= _S (2)

where Ir trae range dimension of the target (feet)

I =dimension of the image on the record (inches)

Rs = range scale

S =.,pot size (Table III)

'he quantity (!I) is called the range scale conversion factor anl(d is

1i.,ed to convert the dimensions on [he record to the true length of the target.

The ,spot size is .,mall anti can )e hdeleted fron tihe calculations in
Many (:a-.,.

Table II. Spot Size anid ]Paper Rate

Hanuge Scale Spot Sizv Paper Rate
H (fI) S (It) RR (in./min)

150 0.6 5.0
300 1.2 2.5
600 2.4 1.-5
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(3) Angular Resolution. Angular resolution refers to tile detcrminaliol
of target dimensions parallel to the path of the v•sscl. It is a function of beam-
width. target strcngth, and vessel speed.

The beamwidth (actually a combination of the transmit and receive
karmwidths) is considered to be 10 wide horizontally with a 3-decibel decline at
½4° to either side of the center of the beam. A strong target, one that reflects much

of the energy that impinges upon ii. will return energy from the edges of the beam

(outside the /2, 3-decibel limit), whereas a weaker target will not. The target will

appear to be larger than it actually is. Gaiis should be kept low to minimize the
effect.

A 10 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

Da = I-B (3)

where Da = 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 linear motion rate multiplied by time is equal to distance.

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

Vgt = Lg

where Vg = velocity of the vessel over the ocean 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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Therefore,

Rrt = Lr

Rr = rate at which the paper moves out of the recorder (Table III).

'r =" 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-
get size.
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V Rr

Lg = Lr x--Rr

The term !E is the angular scale conversion factor. Substituting the above factor
Rr

into equation 3,

Da = Lr Rr B (4)
FR

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,

LT = L, + L

WT = W 1 +W2

where LTWT = true length and width, respectively

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

L2, W2  = length and width components parallel to the vessel's
path (range direction)
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II,

L2  W2

TRAVEL
Fig. 29. Oblique targets.

Referring to equations 2 and 4,

LT=-(L2 i)( S) 2  
(5)

r5

Rr 1  -R (6)

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

h _ H
r R+r

h rH (7) 4
R+r4

where h = height of the target

r = length of the acoustic shadow measured from the record (inches)
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1

TARGET ACOUSTIC
SHADOW

Fig. 30(a). Relief of a target above the ocean floor. S

R = distance to the target on the record (inches)

H1 = height of the transducer above the bottom of the record (inches)

Applying the range scale conversion factor to equation 7,

h rU (its - S) (8)

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

The height of targets at an obhlique angle to the vessel's path can be
determined in the following way.

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

Using equations 5, 6, 8,
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r Fr + r2

(9)Rr

h r (H S) (10)
R s - )-g I

CENTER OF

RECORD

OCEAN
BOTTOM

TARGET

ACOUSTIC

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 thc ocean bottom directly below the transducer to
the target is calculated in the following manner.

Referring to Fig. 3 1,

dr2 = II2 + dE2

d ( : r= F 12 (I)

62



dR

dt

Fig. 31. Radial-lateral distance relationship.

where dL = 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).

dr = radial distance to the farthest point of the target on the
record (inches).

Applying the range scale conversion factor to equation 11,

dL= [_fdr' -Hi ] (H- -S) (12)

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

c. Transducer Depth and Water Depth Measutrements. 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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-,-hottom profiler. Sinct the occan bottom directly under the tratiducer .f tile clo.-

t-4t largI. it is- the firmt to ho printed. TI'le height (11) of the transducer above the ocean

f!,or call therrfore- fo mrca&.rcd from thc record a shown in FVi. 33.

TT

II

. -

RECORD
Fig. 33. lkighl of Ade -can sonar fi-s above the ocean bottom.

When the •-ide s-ean ,onar f" is lowed under the boat. the signal %ill re:

flecd off the bull and wrake of the vce.id and appear on lihe record-

Referring to Fir. 33. T ir the depth of the !rantducer below the surface-.
The - sum of If and T i, the water dtelh. Applying t,%c range -cace con'erion factor..

Ua ter depth = I(P1-!)

T16-, f•'wr en hbe drid uith td water depth Gbuinrd from the 5ub- I
IbOttOh fPaXA%~T.

3. . 5u ia BI I ilpIofik". I
a.. lgev-toUdivL71 The irw~rm of thr ~vstaj oA - pr'-fl~cr t,

-w fi. ft..



The theoretical resolution is equal to one-half the wavelength, or 0.5
feet. Because of the limitations discussed above, the actual resoiution is equal to the
spot size of the records (Table Il). ,

b. Multiple Reflections. A'multiple reflection occurs when the signal trans-
mitted by the pinger probe reflects back and forth between the ocean bottonA 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 sever'al times on the record. )ach is called P
multiple because it is located at a distance from the water surface equal to an even mul-
tiple of the water depth. The presence of multiples is of no concein unless the water is
-o shallow that the multiples coincide with sub-bottom layer signatures. Multiples may
be eliminated by placing the pinger probe and hydrophone on opposite sides of the
wake so '#ýat the turbulence will attenuate the pulses that reflect on the water's surface
betwvýcn the pinger probie and hydrophone.

c. Direct Returns. A direct return is produced by a~pulse travding directly
between the pinger probe and hydrophone without reflecting off the ocean-bottom. It
appears as a line parallel to and just below the water's surface on the record. This line
represer.ts twice the distance between the pinger probe and the hydrophone. It can k -

used in the calculations to determine the actual water depth from the subbottom pro-
filer record.

dL Water Depth Determination. A pulse from the sub-bottom profiler can
lo" thought to follow the path -shown in Fig. .34. The water depth indicated on the
record (di) iv somewhat greater than the actual depth (d). Using the equation

the artual u,2tr depth is equal to

d d / :

.. -4.In &Vp~h~ir jazzvr PxX010m eUaraiio



hydrophone -- pinger probe

I-p
d

Fig. .34. Effect of transducer separation on recorded water depth.

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

d= d.2 Sp
2

Figure 35 shows the effect of separation on the indicated waer depth-

e. Identifiation of Sub-IPottom Sediment Lamers.

(1) IDesciptions of Acoustic Sýinatures of General Sediment Typem

(a) Sand.

I. A --,and bottom if. a darLk. thin lirr iith r'rn liAl kcin t

2-~ Thetztr fr4 asj t-a *tarp~l2' I~mrtjij.
re&keic' ,r. Ubti 1W* b30e l~~ hzn 'Aue

3. u 1ýI l'bl4.o1#u taie -7 NV2 a 2 dA&l .'Aut hl"
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4. A silty sand bottom appears as a dark sharp line with a

light granular area underneath.

(b) M'ud.

1. A mud bottom is characterized by a diffuse line. The
area under the bottom is dark and there is no apparent distinction be-
tween the ocean bottom and the area immediately underneath. The
acoustic signature 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 darker than the area immediately under a saqd bottom line.

(d) Rock. A rock bottom appears rough and irregular. The area I
tinder the bottom is dark and there is no apparent penetration.

(e) Coral.

I. The acoustic signature of coral head, is the same as rock
on both the sub-bottom profiler and the side scan sonar. Coral occurs
in specific areas where rocks are -.s, usually present. The coral in some
areas is s-o hard that it is marked as rock on nautical charts.

2 Some coral areas appear the same as compact sand. Since
the EFA can be deployed successfully in either, there is no need to dis-
fitguis- betwcen the two.

(2) Qualilttive Disinction.

(a) IWau-, -.and is a gwo, rrflertor of acowutir nen", -. th" sub-
botllo. mt-rfa'e undcr -and 'sill not apprar Fo be 4rrmv

(h6 fkt-z-u.- Vzd Irzrmb 'ts arou,411Ce " 'Urn. the I 0u}-bo toln

awte-rfzi". ufldr mud usidi pprv~ to be I4r,',q0-11%3tb;4rV*IrI~rn- 4 WI1-MWAMM ZI



1_ Sand-sharp line with several multiples.

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

3. Clay-sharp line with dark area underneath.

4. Rock-pronounced first multiple.

(3) Sub-Bottom Sediment Identification Chart. The above descriptions
have been organized in chart form and appear 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 cast coast of the United St-.es. A
detailed discussion of each test would not be useful, but the pertinent points of these
test ; low.

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
record were printed as a series of fine lines dose together rather than one wider line.
Ubtheugh this is advantageous in detecting fine details in the stratigraphy, it less-enmq the

operator's ability to identify general -ediment types.

The circuitr" of AUSE was modified to give the desired width of acoustic
signature. 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 returning the potentiometer to the proper setting or
the interpretation of the recorder over bottoms where no preVious sub-bottom informa-
tion exist- .-ill be difficult.

2. Deremor TestThe effects of the depressor on the side -can sonar tranm-
ducer were d ltermined during a tet, at Key We-t. Florida.

Thr 4de -ea•n sonar tranducer %•a-- dqpo':ed on 120 ft'l of cable Without a
drprtssacr. At -Trr& of 5 to 7 uknots. the ratio of the s-id" --can tranwsdturx depth to the
wtalrr d&plh os approvimatdc 0.1. Th. addition of a dpressor a' the mhtpoint of '.he
cahl& and ,-ne at th- tran.Aarue inirrm,_ea the rati, to a 'r=imali.- O 0to O.- There
fo4re. IL- d-pth ,ri t- dr "n fidt can be" rirz.teA from Nio to four time-- ith a
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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 tile transducer and depressors in water is approximately 60 pounds.

3. Shipping Chests. Military Standard wooden shipping chests for the equip-
ment were supplied by EG&G under theý 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. Tile re-
corder apr,2ared to sustain no damage.

The handles onl 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 catbin of the NISB through the ocean between
the g•,iwales and tile shelter cabin and through the hatch. While this condition does
not limit or eliminate 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 sunevy performed in sup-
porl of the Multi-Leg Tanker Mooring Systcm for which s;ufficient lime is availablh to
perform all stcps of tile survey thoroughly.

a. Concept.

(1) Side Stan Sonar Survey. Tii.- lar-e area ,fffshor- from tle- i,'-a,-h
lI,-ad (-i,,. 37) will Ise -rr-%n ed wilh ile side :,-an so,nar (600-fool scale) le, I,,cale
anrtt lzard- to u'atiealon in tlie moO'inl' 'r Ots approa. he-.. -kpprr;:malt.• 45.0011
fer-t ,,f ,w-van loltorm nIill be .. neied. r-% a .vwrd of 5 n •jo., lithe -jnei% will re-

quir- 1ap-r,,trnatdi. -.5 hour- Ids ru1mpleted.

(2) Sub-Bollom Prof-der Srei• If he ara t- fre f,,i-trui,,n- a
.-ruaIl -o..ri;.un .f ftl- arrva -ietl-.-I Ids -..2rrI- a- -.urntir-d In &1ta1l U11l1 the -ulM. I.,tt.,m
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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 orshore 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 ý the AN/PPS-5 radar set 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-
sitioa plotted) can be increased by using a radial survey layout in which the MSB
travels along a given azimuth line. The radar operator must determinc only the
range from tile radar set to tile MSB and give course corrections as necessary if tile
MSB deviate~s from the azimuth line.

Once a minute. the position of the MSB is marked with a number
on fhe plotting board a:id 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
as follows (Fig. 37).

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

Tile 120-foot depth limit is the maximum practicable operating
depth of the svuba diwcrs dlio are essential participants in the deployment of the
\halli-LIg Tanker hloorint, System. The 5000-foot limit is the maximum distance
off--hoi, that can le reached b% the tactical pipeline that will st-nice tile tanker.

(2) Near-Shore isoundarv. The near-shire l•,ondarv is Ih- 25-foot
ualter depth i ,,ntour. <tjdhii. hair shown that depth tIo occur at anl aicrage of
1021) fe'.-I ,ffwh,,r, from the lhea-he:. under considerali,, for mililar% Opex-rations.

(3) U. Witt. Th" %- ic!; ,f 4 th- entire- minr -it-" i- equal t,o tflie lngill
,4 Ih.- 3,aja-titt l -a'ahh-'Ij. " ýtu, l, - I-aie -,.. that ther jira'r- lelzth of the
la-, lIt-- indi"-. -n-eAj-r so-li t- I. :2 trnit-.
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(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 100 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 NISBI, 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 approximately
200 feet apart at the farthest point. Following azimuth lines approximately
50 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 inmd 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. Areas of dehris and rocks should be noted( so that
EEA will not be fireH or the pipeline installed in that area.

(2) Sub-Bottom Profiler. As the records are interpreted, points oil
eachi .rnev line where satisfactory sediments are not at least 12 feet deep should
er marked. After all the" records have |o.en interpreted, a line can bI" drawn

Ihrough all the points and the area of inadequate sediment conditions enclos-ed

and marked

STacfical (Hitshv). X aclical .urnvy (ha6tv) is a 'uti. performed ir .uplptrt
"4f Ihr lult,-Lr_ Tanker %lt-,rmz fir'em in hbch tirie requirernnt- ,,r adit-r'r circum-
-ran---,- hait- dictated that a comIplet- -un'i n.t' be perform-d irtiallh and that r,*n-

.tr'-"' r i "ansrni-dat 1i



a. Concept. In a situation where tile shortage of time is critical, the side
scan sonar survey can be delayed or foregone entirely and the actual mooring site sur-
veyed with the sub-bottom profiler and side scan sonar.

There are inherent risks in this method since nothing is known about
the area outside the actual mooring site, and it is possible that a subsequent side scan
survey might limit or eliminate 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
each line so that the side scan sonar is "looking" toward the position of the mooring

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

1. AUSE Operator Training and Uli~ization

I. Operator T:aining Course. A Iraining course was conducted by FAL&G(; to in-

struct enlisted Soils .%nalvy;ts (.IOS 51C) in the use of AUSE and ass.--- their ability to
operale the equipment anr(] interp;ct the records.

Tuo S,,ils Xnalvslt were" detailed to USAMERIJC from the U. S Arm% Ens-

nf-rr .,-hool iBrio-ad- for the" training rv-,nr..e and uii-d on an intermittent hal-i- thereafter-
Iectiu,.e of 3 irolsp o'resirgl re-ducti,,n lfing imp,,srd at 1tat tinwe. iffi-"tllti ua-- -nroun-

trrrd in ,},tairnim: thr de..rr-d numler of .•I,-l X\na!.-tw- will, 4 %ariei of Ilark.rosun.-.

76



14- 200'

Fig. 38. General side scan sonar -search pattern.

Thei educational level was somewhat higher than the ty pical Soils Analysis who mighit

he trained to operate the equipment.

The nldnua! urriter responsihle for khe comPilation of the technical manual

for tile AUSE alzo partii.-ited in ihe training cour-e-

a. Trakiing Course Structure. The training couirse was. intended to he ap.
prox matlrl 10 day.. It u~as ftound that mil:. 6 o day- s ere -;mýar% Its eo r thle
Mnater-ials th',roughli lout without repetition.

%ppr~:riath 2dat- 't'rr spent familiarl-7ing tile f~aidmit mi;ih tile

equipnlrft and r-yplfaiggm thle funcltion qof the- cionfrek.- The nr~t 3 daý. uvtre jvwnt in4~hand-4'rainti~n!n -P* that tll, -tudent ctould bt-nrfit friern toperatin-v the rqannpmneni con
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fundamentals reemphasized and expanded in light of the shipboard experience. The
course outline is shown in Appendix F.

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

b. Conduct of the Training Course. The classr'oom portion of the training
course was held at the Environmental Equipment Division of EG&G 1in 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 course was conducted aboard the ,
motor yacht Sea 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 hub-bottom conditions are available in these areas. Pene-.
trations in excess of 100 feet were obtained on the softer bottoms in that area. The
side scan sonar detected extensive rock bottoms.

The side scan sonar transducer was lost one-half nautical mileoff Glou-
cester in 75 feet of water (420 35.07'N, 70f 38.2'WV). Lobster traps are tied together in
groups of 15 to 20, and the end traps marked with a buoy an(d line. 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 thc 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. Altho-igh visibility was good, strong turrents
hampered search efforts.

c. Results and Evaluation of the Training Course. The tIllowing remarks
pertain to the training course and should be applied to the orglinization of future cburses:

(I) Sample records should be available during the course so that the
students can identify the vprious bottom sediments.

(2) Simplified block diagrams of the circuitry should be used.

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

applications are of more use to the stutdent.

(4) Classroom training should be limited; shipboard "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 equipnifnt.

(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 be 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 Engineers.
The surveys were conducted to:

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

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

c. Establish the effectiveness of the enlisted personnel as sonar operators
and to assess the merits of the Soils Analysts (MOS 51G), in particular, as operators.

d. Support the Civil Works programs of various l)istriet Enginccrs.

A nurmber of l)istricts were contacted and a survey was performed for the Wilmington
District in November 1971. The snrvey included parts of Ihe Cape Fear River and ihe
Atlantic Intracoastal WVaterway. A large quantity of useful information was collecled
in'supporl of i project to increase the depth of those two waterways.
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3. Survey of Utilizatiop by Army Agencies. Equipment such as AUSE is used
commercially in sand inventories, predredging surw ys, 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 Engineers 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
fathometcr 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-
struct;on 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.

To determine the demand for this type of service, letters of inquiry
were sent to 23 Engineer 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 estimates of use are based primarily on
past use. It is difficult, in some cases, to predict future use for some projects.

II1. 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 (E'\). This is
accomplished by propelling a fluked projectile into the ocean floor and measuring the
plenelration and the force required to extract iA.

A correlation between the penetration and extraction force of the EEP and the
penelralion and holding power (i.e., performance) of the XNI-200/XI-50 EEA, can be
(stablished and used in Ile fuiture to predict th11 performance of the EF, A.
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The EEP assembly consists of cylindrical three-legged Iame approximately 2yi
feet tall and 1 foot in diameter, with a gun barrel mounted . .Jae center of the logs.
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 emntacts the ocean floor. A hydraulic winch
on the stern of a 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, "n additional contract
(DAAK02-71-C-0274) was awarded to the Magnavox Systems, Inc. to fabricate two
gunstands and 100 projectiles (penetrometers). The first 30 projectiles were delivered
with 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 forces in a
wide range of sediment stiffness.

Based on the findings, the remvining 70 penetrometers were delivered to
USAMERDC with a fluke length of 1-1/8 inches. Forty-five of these were designated
f3r additional EDT by USAMERDC and the remaining 25 were reserved for the use of
dhe Test and Evaluation Command during testing of the Multi-Leg Tanker Mooring
Sy Stemi.

For the feasibility test (September 1970), USAMERDC purchased from Magnavox
10 penet'onieters with 3-inch flukes, a hydraulic winch with deck mounting frame, and
a tensiometer-footage counter. Using this equipment, Magnavox enginecrs fired the
penetrometers 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 III D).

B. Description of Equipment.

All components of the EEP axe shown in Fig. 40. No modification of the 25-foot
Coast Guard Motor Surf Boat is required to mount the eqfipment. Description and
operation of the individual components follow.
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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 of the gunstand. As this plate moves,
it trips the trigger lever on the mechaiical firing mechanism, detonating the propellant
cartridge in the upper end of the barrel. The shank of the penetrometer projectile is in-
,erted in the lower end of the barrel and held in place by a shear screw. Upon detn.u
tion, the shear screw fails and-the projectile is propelled into the ocean bottom.

A 35-foot serve cable connects the projectile 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 connectcd 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 retrieved.

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
,rigger plate. They are spring biased 'to hold them down and away from. the trigger
lever. Vertical travel of the legs is restricted by collars which keep the trigger plate
from pushinr, 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 reinforcement 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 Ihe load from the gunsland head
to the hydraulic winch cable. Mounted on the yoke is the lifting/retrieval device.
which i., used to move the gunstand from undcr the boom to alongside the NIS I.
where it can be more easily pulled from the water.
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C. Specifications.

Weight 80 pounds (in air. loaded)
Height 52 inches (including lifting yoke)
Diameter 12 inches
Primary Material 6061-T6 alumium

d. Service Rack and Shipping Chest. Th( 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 firing 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 1/2 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 C'ring of 3/-inch diameter 6061 -T6 aluminum alloy round stock.

(2) The rectangular leg guards were secured 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 ½/1-inch-diameter 6061 -T6 alumi-
num alloy round stock welded to the legs and head at all points of contact.

2. Barrel. The configuration of the barrel is .,hown in Fig. 42. The propellant
'artrid�cl is inserted into the p)roje,-ile chamber (large end) which has a 0.012-inch per

inclh a•|er to f,-cititale the removal of an expended carlridge.

A threaded hole is provided in the barrel so that a shear screw can be passed
lhroiiglh the barrel into a hole in the projectile shank to secure the projectile in the bar-

retl. tUpo dtIlonation, the shear screw fa•ils and the projectile is propelled out of the
barrl.
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j "--4.480 +.010

1.125 +.003 DIA. .012 BASIC TAPER
PER INCH ON DIA.

2.25 -16 THREAD]
1.300 +.004 DIA.

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. ThLe firing mechanism detonates the propellant cartridge
by impinging a firing pin on the cartridge primer. It is 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 seal between the fir-
ing pin and cartridge primer.

The firing mechanism is manually armed Ey pulling the cocking bail (Fig. 44)
and raising the trigger lever. It is automatically 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 approximately
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.

(I) Push vn the trigger lever in an attempt to actuate the mechanism.
Ii should not fire.

(2) Inspect the hydrostatic safety by touch or sight to insure that i: is
cxtcn(,.d, an=1 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 scaling it and protecting the inner surfaces from corrosion. Extensive exposure to
the marine environment or airborne particles may corrode those surfaces and cause tile
hydrostatic safety to stick.

The firing pin hole is the only point where water can enter the body of
the firing mechanism. Care must be taken to insure that water does iot enter through
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that hole when the firing mechanism is not in use. When removiig it from the gunstand
aftera 2shot. immediately rotate it so that the firing pin points down and place it in the
lace provided in the gunstand servicing rack.

4. hydrostatic Lock. The hydrostatic lock restrains the trigger plate and pre-
vents a .udden jolt on the legs from being transmitted to the firing mechanism safety.
It i6_set to become passive at a depth sligitly. less than the firing mechanism safety.

The hydrostatic lock is a cylinder within which a spring biased piston moves.
-As the pres-sre 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 pille and the gunstand will be ready to fire on contact.

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

5. Penetrometer Projectile and Serve Cable.

a. Projectile. The penetrometer projectile is shown in Fig 45. It has four
hingrd flukes t"'. 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 X M-200/XM-50 EEA.
Leaf springs placed between the shank and .ite fluke assist in opening the fluke when
keying i. initiated.

Specifications are as follows:

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

b. Serve Cable. The serve 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 pmetrometer. This is done so that the serve cable can be shortened
for specific situations. For examp'c, if the EEP is to be fired in 25 feet of water at a
location where compact sand is expefted to be found, the serve cable should be short-
ened. In such a situation. penetratioi, of 6 to 12 feet is expected, and it is conceivable
tha with a 35-foot serve cable. the gnnstand could reach the surface before the pro-
jrctile is extracted or die shear pin fails.
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The serve cable is attached to the projectile by a swaged cylinder, A slot
in the shan k allows the swaged cylinder to slide from the enidof the shank toward the
head to permit a portion of the shank to be inserted it~to the: barrel. The fitti ng* 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 th can bottom and the extraction force rea~hes 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 lialf-hard Comp. 22 Brass.
Hardness Rockwell 1168-B70
Diameter 0.1410 to 0.1412
Length 1¾ inches

7. Propellant Cartridge. The propellant cartridge (Fig. 46) is a percussion-
dIetonated1 device containing 600 grains of propellant. An interitj classification of Class

13, Explosive Power Device has been assigned by the Federal Bureau of E~xplosives Labo- 1
razo:-y, Edison, New jersey.

a. Specifications.

Length 4.613 inches with a
0.0 1 2-inch per inch taper

D~iameter 1.265 iniches
Propellant Components:,

ller~,ules No. 2400 30 grains
I lercuiles HPG87 500 grrains
D~uPont 1Mli 3031 70 g'~ins
Federal Primer No. 215

It. Explosive Classification Tests. The interim classification wa's drawn fromt
guidlelines published in the. Code of Federal 11 egulations, Tii lie 46, Para. 146.20-200. A
test is planned to submit six cartridges to thie Bureau of Explosives Laboratory for finial
classification. At that time, it will be requested that the cartridge he classified Class C.

This test will be funded jointly by USAM EKlC and the U. S. Coast Guhrd.

C. Transportation Vibration Test. A test is plannedl to determine the effect
of transportation vibratioh on the all ist ic characteristich of the proptellaun cartridge.
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1W.

Oae group of cartridges will be fired after they have been vibrated ac-
cording to a schedule appearing in Materiel Test Procedure 4-2-804, 17 April 1969. sub-
ject: Laboratory Vibration Te-t (Aberdeen Proving Ground). A penetrometer 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
transportation test. The pre.sure-time curves of both groups wi!l be compared and the
effects of vibration on the ballistic characteristics determined. This test program will
be fueded jointly by USAMERDC-U. S. Coast Guard.

8. Hydraulic Winch. The hydraulic winch is a self-contained power module capa-
ble of retrieving 2000 pounds from the ocean floor at a rate of 30 feet per minute. The
%inch drum contains 225 feet of 3/16-inch diameter 7x19 galvanized improved plow
sterl 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-
mined to be unsatisfactory. A new winch frame (Fig. 48) was built, and the hydraulic
components were mounted oa it. The gasoline engine, hydraulic pump and fluid reser-
voir are 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 zwitch 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 forw;d.

() Contrn llvalve is moved forward or batkward to move the gunstand
into or out of the water.

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

The hy-draulic motor will hold loads up to the maximum when the con-
frol valve is in the neutral position. so the brake (right lever) is rarc!.y used.

L. specifications.

Weight 3-40 pounds
Width 15.5 inches
lfeight 43.5 (including guard. power wikA'h)
Depth 17.8 inches

9. Tensiometer-Footage Counter. The tensiometer-footage counter (Martin-
Pocker UD8M Dyne-Line Tensiometer) measures the force required to extract the pro-
jectile from the ocean floor, aMd measures the penetration of the projectile into the
ocean floor.

The tensiometer is the running-line type and consists of a three-sheaved ele-
ment; a dial indicator, and a hydraulic hose connecting the two. The clement is p!accd
on the hvydraulic winch cable and the dial indicator on the railing where the winch op-
erator can see it.

The travel of the wire rope is measured by a footage counter Itbat i an tite-
gral part of ,#he tensiow.eter element. The rotation of one -;heave is transmiated to the

counter (mounted with the lensiometer dial) by a flexible cable.

The footage counter is designed for operation with loads of bctween 200 and
2000 pounds. During at) EEP test. it must measure footage with onlh the weight of the
gunstand (approximately 60 pounds in water) on the cable. Slippage can occur, and a
fourti i sheame was added to the end of the element in an at tempt to increase the friction
force belween the is ire rope and sheave. This was moderatel) s'u(e.sf(l. so the cr4,unlt-r

sheame was redesigned to grip tlie cable. Although this type of tensiorneter has the ad-

Nantage of bring simmplh in design and requires ,no outside power. the inclusion of air in
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the line can cause it to read as mudr as 50 perct-n iow. (See Tot Sction. Purging O.r
line of air appemar to be simple. but i! is 3 tedious prtwiedare in actuality.

it is recommedd tiat a small in-line tesioruter be ma&" a part of hr- EFP.

The rannirig-lins tensiomelcr ,ould be c-•-•[ -heeked with the in-line tcsiome-ter if sm-
picios -,rise as to its4 accuram".

The te,-iometlri element is mounted in a gimba' on the :1ern deck (Fig- 49)
'4 tew AlSfl. This arrangemrnnt allows the te-jomecter to foliow the guns-tand cable as it
nviur a-ros the winch drum. but pre-uvnts motion parallel t'. the axis of thc .lSi

10. Deck Frame and Boom.

a. Boom. The boom is the trian-ula- frame placed orer the lram;ýom of the
.MSB through whilh ;he wire roie pe (Fg. 50Y). The purpose ,f W.-. imom i to keep
the mon!4ent arm of tihe! wire ro• yls-•--,o that the MSB U Rtl not capASizC under a side load.

1he boom is secured tof the gunwale by boWts. F•ur of the polts securing
the rubber bumper oil the side of time .ISB ari- removed and longer bo!ts are pa!s.;sd

through tie side and bumper. This arrangement requires no modifkation It he NALB.

A handwinch pulls the boom oirl of the wat,. onto the Stern deck so
Ihal t[e wire rope is out of lite water while the NlSB is underway. The wire rope has
caught in the propeller left in the water while the MSB wa-: in tze.

b. Deck Frame. The deck frame s.ipport:; tie tepsiometer gimbal mount
(Fig. 49) and tle roller over which the wire rope pas.-d between the livdrauiic winch
and the gunrsland. The deck frame, is bolted to fite boom and the stern lifting da'i!.
The boom rctractor winch i:. mounted on thfi deck frame.

Xn expa*nIt(d metal screen c'ners the roller to provide protection for
ilte crre in lit e (ent of a wire rope failure. The screen can bc removed and folded for
slippiltg.

1I. Retrieval Device. T1ei retrieval deva." (Fig. ! !/) , -cosirt. of a g•inwalh-mounted
hracket, a handwindi. and ring. Thnis device is used to move the gmn-land from under

the boom to Ihe side of thr \ISB where it is lifted over the pgm;ales and placed on tlit-
.ervire rack. The u-c of lite Retrieval D)evic is discuwsed in Tara-a|)h Ill C.
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12. Maienmec.

a. Barrel. After each day. the bore, shear screw h Ke. and threaded retainer
ring must be washed in fresh watei and lubricated thoroughly. Corrosion accumulation
on Ihesc surfaces reduces the tolerance to such an extent ihat the projectile -4ank will

not slide into the bore and the shear screw will not turn easily in the threads. A bore
deaning rod is provided for cleaning the barrel before use.

b. F'iing Mechanism. The watt- must never be allowed to run down
through the firing pin hole 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 chain-
ber is then scalcd off, its .urfaccs 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 Coming !)C-55M or ati equivalent (conforming to MIL SPEC G-4343, such as
F`SN 9150-273-8633. The O-ring should be replaced if it is scored.

c. Hydrostatic Lock. The hydrostatic lock should be wiped dry and the
piston lubricated with silicon grease. The piston shoulder should be even with the
outer edge 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

1. 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 secured 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 propcllanl cartridge is inserted into the breech.
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_ 16r medunifn i, cocked by pulling on the cecking bail, then lift-
Se- lvi'=m krr. 71w mfety Oould be checked as described in paragraph III B.
76r &Ei n is tremaded into breech and tightened with a wrench.

k- IIyrrotulie ock is ercised on the gunsland by pressing on the piston
.AcaO fimw.+ to kt, r that ilt mosre freely.

L With the hydraulic winch in the neutral position and the dutch engaged,
dw t pu CATr the side of the A1SB (Fig*. 52) and allowed to hang just below

at +xtic_: saef-r-. The lifliretlieral derice should noL be hooked on the retrieval ring
•tF'•.51.go.I)-

j T 'The hand winch line is paid out until the line is slack and the gunstand
i•w a dh'irte1. under the boom (Fir 51, Nos. 2 and 3).

L lfsu- the hydraulic winch, the gurgstand is lowered to the ocean floor
(F.. 5I.. 5o-.4). 4)O OOT drop the gunstand by disengaging both the clutch and brake
and wmi the *,inch drum to turn freely. Thc center of gravity of the gunstand is
w= tbe top end: it wll lanrd on the ocean floor on its side.

L The winch drum should be stopped immediately when the cartridge

i. The footzge counter is set on zero if Method I is being used.

n- The ter-4ometer will indicate no load for several feet during the initial
pizt of rdricil of the winch fine (Fig. 51, No. 6). As soon as the tensiometer needle
mwone aruptly and indicates a load, the footage counter reading is recorded.

0. Continue retrievingr the gunstand, noting the predominant loads and the
"dhpt-,n rr which they prevail- If the shear pin fails, the footage counter reading
,herald be recorded.

p. When the projectile is extracted from the floor, the tensiometer reading
%ill drip to n-ar zr, abruptly and the footage counter recording (Fig. 51, No. 7)
-h, uld be rerorded.

q. U\ lien the mark o, the wire rope passes over the roller on the stern deck,
1Iw xm,- drum i-. slopp.d.

r. F',rer is exerted on the retrieval hand winch line to insure that the ring
I- ,-auizihl f.i ; prone of Ihl, liff;,lg retrieval device. The hydraulic winch line is slowly
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let out while the retrieval hand winch is taken in. The, guhstand'will be pulled from
under the boom to the side of the NiSB (Fig. 51. Nos. 7 and 8).

s. With sufficient slack in the hydraulic winch line, the gunstand is pulled
from the water and placed in the service rack (Fig. 51, No. 10).

2. Failure of EEP to Fire. If the EEP is deployed over a very sboft bottom, it is
possible that the gunstand may .contact the bottom and lie on its side withobt detonat-
ing. This could be because, in soft bottom, sufficient 'force ig not applied to the legs by
the sediment because the sediment gives way rather than resist the weight of the gun-
stand. This condition i' compounded by a strong currcnt that causes the ganstand to
approach the bottom at an angle.

If the gunstand does not fire (i.e., detonation is not heard, but the wire rope
becomes slack), the gunstand should be liifted 4 to 6 feet above the ocean floor and
dropped in the followi'ng manner:

a. Lift the gunstand 4 to 6 feet above the ocean floor.

b. Set the winch drum brake.

c. Disengage the clutch.

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

3. Results.

a. Extiaction Fbrces. The extraction force read from the tensio.nietdr dial
(luring the penetrometer test 'can be used directly to determine'the advisability of the
development of the XM-200, XM-50 EEA (paragraph XV). If the tensiometer was'
checked with the in-line tensiometer and a corrective curve established, it should le ap-
plied to the extraction force before entering the coirrelation table (paragraph III E).

b. Penetration. The penetration of the projectile can be measured iti two
ways which (an then be checked against each other.

(1) Nomenclature.

It, = footage counter reading at first indicationi of load.

12 = footage counter reading at termination of load.
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R' = footage counter reading at interface.

III = distance from bottom of gumt-and to shear pin block.

C = serve cabic length

P = penetration of EEP projectile into ocean floor.

Q = depth of sub-bottom layers.

(2) Method I.

(a) The procedure for determining the penetration from Method
• I is as follows:

1. Upon detonation, the footage counter is et to zero and
minstand retrieval commenced.

2. As soon as the tensiomcter indicates an abrupt load. the
footage counter reading is recorded (R ). The abrupt increase in load
indicates that the serve 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 vahucs are recorded.

(b) The penetration can be calculated as follows:

P=C--11 -R,

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

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

2. At light loads (just the weight of the g,,nstand), the wire
rope may slip over the footage counter sheave. This would he interpreted
as increased penetration.

3. This method requires knowledge of the serve( cable length.
It is shortened in some insthacc.s.
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(3) Method H.

(a) The penetratio'i may be calculated as follows:

1. After det6nation., retrie-al of the guistand commences.

- 'When the tenriometer needle moves abruptly from n

load. footage counter is set to zero (R11). The wire 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

counter reading (R2 ) is recorded. This indicates that the projectile has

been extracted and is clear of the ocean floor.

(b) The penetration is calculated as follows:

P=R2 -R, :sinceR, =O.P=R 2 .

(c) This method overcomes the disadvantages discussed under
Method 1.

I. 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 1I Combined.

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

I_. Nlethod 1: P=C-III -Ri

2. Method II: P= R1 - R

(h) Discussion:

!_. Firing into a stiff l)ottom necessitates the use of Nlethod

I. ince the shear pin will fail and the breakout footage counter reading
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(R2 ) will not be obtziotd. If the pin fails howea. the bottom codi-
tiow are probl sueitable for the EE.A.

2. Wethod I does determine the depth of thr projectile a's
failure. -

3. This information is rueful in dcterminiing if sufficient
overburden is ire'sent for the EEA.

4-. Method H is begt sited for soft bottoms where R, and
R 2 can be obtainedL Hlowever. both methods should be wed. 4nee it is
not known whether or not the pin will fail.

c. Depth of Sub-Bottom Layers. The depth below the ocean floor of mri-
ouw- sediment layers can be determined from the data collected in step o. paragraph III C.
According to Mlethod 1:= -I -R

V=C-1111 -11'

d. Shear Pin Fadure Dept

(I) The depth at which the shear pin fails (f.) can be calculated by
using Method I:

S=C - H, - (R'),

where (R') is the footage counter reading at shear pin failure.

(2) Method If cannot be used readily because no break-out footage
counter reading (R2 ) was obtained since the shear pin failed before extraction was
completed.

D. Engineering Design Tests (EDT).

I . Scope. Under the terms of the contract with Mag1avox. the penelrometers
were to be delivered in two groups. The first oonp (30 projectilcs) was delivered with
6-inch flukes.

a. Preliminary Tests (July 1971). During the preliminary lests, projectiles
were fired into a %arietv of ocean bottom sediment types in an effort to determine uhat
fluke length uould produce the optimum spread of extraclion force ii ocean Lollonis

rangri•g from %erx soft to stiff.

0
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k F~in Tels (Odakff 1971)- Own the tirar ficde knobw~~a~~fn
thke -wAm d grmp, of pcsrttvwo-ter: (70 projet&f-c) tzw.+ defi1sen with t16! flunk kv-tk
The- .4divt of ther findl EDT wee to, iaic 6we EEl' at t1w -amir lorationf w :hot
Xl-M 2001XM-50 LE-A Wa bern arsd dwisin t~vi d ie-miapm zai to colft mfficii~d
daba o E1II, *onvilaion bWuris the holdiing pow =A perw~rsio of the EFA
ad flee EIl'.P The lower !Nmd off Flf ma&rik forcer w-.-ca~iidi~ed 16r fk raic-
ticrat A ocalivaii witre the came --am*p dza isicutrd that th-c bultom mva too --off foe
LEEA uf e- ( che p rke Teri sIn-I 10 wau few.-M to lohe t irmaI L-ef ul forv th is p, wpowe

Fiiingp in a -siff bottom cortaMiWhe the upper limit. EF-A hlAzing power
datb were w~ed to define a -tiff bot torn znd identify s-uiaU cA t-41F 11W~.Th upper limit
wa- c-4aUL4ned when the shear pin failed in a AMif bottom-.

Tert zilt- where intermediate LEA holding powers harve been obtained
terme td to insure that the ELI' can &-ceriminate between depreer of EF-A holding

powers.-

2. TeA- Site--- The eriteria for the sededtion of itswere:

a- L~ocations where XNI-2001X11-50 LE-A hare been fired in the past-.

h-. Areasiswhere reliable core --ample data is asrailzible.

c.. Adequaete nsul nativation..

1. Proximity to silupport facilitices.

C. Shllelfred waters-

f. V.ariation in -nh-bpottom comptxcition wAithin a small area-

Appendix A contains [fir locations andI core logs for file test cites. TheC sites4
offer a wvide -.arictv of sidi-hlsot'm compositions- Rock was -~xcl izded from the test
Sitezs l~eealise file AUSE wiido-ntifi. fhet-e areas dutring an operation and they will he
clirjiinated at thle oiutset.

The mouith of tile Chersapeakc Bay in tfie vivinityl of Norfolk. Virginia. satis-
fie,- allI of ftl,- ihoime criteria and was lthe retie of a majority Of tile testing.,
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DluuingpiomF I etA. th ~ I )EE.A u2L deplovr as Cho*ip2L
Aft-- 14. Ir cA4 Site 1. =A "a Si•te I .. -'L

fiWqn- too V;Caf to aAlow the t~wof die tL~a with z IM drt. The bullow 2t thif
zm ~iv ztn d corAl =Ad _- trfvred -sroVd oa mmi,-Aiav chxtf.

Kom Ik c Tet Site 4.lo .•- . in M4 fet-t of wazter Iz lc :t of Site I..
C eti |ished for this !-s4 to fac9;1e a deep vater t1s4 of the Mooring Site Survey

Equipment.

Clao--peAk Tst Site " 4 the location whim • mooring u e•sta"l~h~ din

the 1966 EEA EVIr.2 EE.Ar wa to hare bfoen fired at !he -aw point flat cit-eF uxre

taken- ThtL w-ould hunproided -xcellent correlation between holding power and •-•&-
mnent Ivne- Unfortunald. -tror* ,unre•.nL -cased op ational di .ffi.t!e a."d tE• .,As

were firec - much a 300 feet from the cofresponding care site.

Core samples and AUSE record- indicate fhat the v lariabiity of the sediment

in that area is so great that correlation of the EEA performance with the ncarest core

sample is not relable.

Since the ultimate goal of the te-t program is to correlate the EEP with the
EEA performance rather than the sediment type. the marker buoy* at this site were

placed at the EEA location rather than the core location. Core 3 and EEA 3 were suffi-
cientl% dose to allow direct comaparison of the EEA and sediment data.

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

The buoys at Chesapeake Sites 2 and 3 were furnished and placed courtesy of
the U. S. Coast Guard. At a.- other sites except 9 Pnd 10. navigation buoys already ex-
isled. The buoys at Ke" W-st Test S;tcs I and 4 were placed courtesy of the Boat Divi-
sion. U. S. Naval Station. Kc" West. Fkn-ida.

3. Preliminary Enginviring Design Tests (EDT)-July 1971. In July 1971. an

Engineering Design Test was c.-nducled jointly by USAMERDC and the U.S. Coast
Guard Field Test and I)c,elopnL-nt Center. Curtis Bay. 'Maryland. The EEP was

iJohn A. Chriqianr, and Edward P. M1eibur-r. "Pcvdopmrnt of Multi-Leg .looring System. Phzas A-Expb..oz
Embedment Anchor.- USAMERDC lRep ,l 1909-A. Decemnber 1967.
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& rAo-Z f, th -15-, wfr tbe LJ -z *food &W go ,,A., Q04ar *=V-W2 C9M- 4

Uhe fk.e kz&xEs irm 4ba Mo the LCf-'U =19i the j-oper "Ish u+ rcrheiL If
= .,t,, O tMY-. 10 ro,,r ICA .iCi fii ,,,..•o tr. flui-. ii:, c am c1&

tion &frr th0" Po==aFrt Uilh th r i id -iff t!-d -

a. Tedt rkorakr-ds. A mmowiair worL46o~p wm p&" in the cza1-o &c3ei of
abr Lnd-8 to -rouide the nmowr- tjo are faor, dr to MSooBwatn t oh e dto Inlr

fl oný ani Thr ,!Mmdan&. tc~omettesF. current nwer s~proPXMI cafftui~r-s MAw
,uther - Ký -o equipmiet were locked in the troL 4 iop ozcmnnil*a 71w 1mr.peillat
cairfrid~prs wair -4owed unrder pffo'sioumk of 46 CFRT 146.02-16-. ooardinlion with the
Captain of the Port w-s acroinplidid through the ULSA11ERDC Marine Firld Offiser.
Ead2ch da-th- MM3-Z irs andao" earm the "-s s-ite anid thk- gunstarel propellant cart-
6idzes and pcrsonnel fsrawferred to the W135 for the Itest T.he -USB then mnoved to the
tA Ma"e and w anchored or tied to a marttr buoy.

Cnircn!! peed a!: w- s c. Ale!te = the M3.1-8 a•inug a M.aric Adiser:R.
Inc--. Modr Q-8 duled wate curent mcter.

After the USAMER.I KC per-oarnel completed t-sting at Mite. the .1SB
returned to the LC.N-8 and deposited the USAMERC per.-onnel and tramported the

Coz--t Guard personnel to conduct their tesL-s- Bzed on data just collected. USAMERIDC
personnel could then modify fluke length in preparation for the next -es!.

The workshop on the LC.1 1-8 proved a raluable asset.. All equipment dif-
!fkdtlies. with the exception of a parted weld on the EEP deck frame, could be handled
on the ICM-8 witbout returning to the dock.

bL Data and Re.ruits, The EEP was fired 23 times. in waVes uI) to 2YA feet.
winds up to 20 knots. water depths of 55 feet. and current in excess of 2 knots. One

complete cycle (loading. firing, retrieval) in light seas and 45 feet of water requires ap-
proximately 6 to 8 minutes.

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

c. DiLcussion.

(I) During three extraction tests. the srve cable failed tinder low loads.
Two shots wcre fired at Test Site No. 4. which is located near a wreck. X1 agnavox
cn,,ineers indicate that bottom debris can damage the senrc cable as it penetrates

thit ocean floor. They also described how a swage fitting failure can be distin-
guished from a serve cable failure:
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( ai) If the f r:, o oeat~on, the M1W w-• t at~c the Tn& Sibe

K2. . af at !V-, is gmtsed 16 oran WM and Fth a M-r t the

good of t c LCM- rw T ih ndto app t[e tihen~ IeA t

t(Mwi the m• T he w mmof thtem wEEP d w eyn the i mri of orn-

16Vthe ir- -"I flt into the +Wa .lflimg

(Z) Te MP was depoiryed in cs-,•mi- withat werc SBtrg cnhordh to
cmm er the LC into thag 2or auL -me _-raccura ourmt gramemmL' impwe

(5i) Th In -trong ctrtL.- the flmuksbot wa s o ved to desmd to the oan d wx
A a Ldtoa ine from itha ies.f n-icalT heTe wano o tyiop effect on the data-

(3) On the fir- dwi of oprma ion the " was moved to TOe-t Site

No- 6-. Swilh( of at lad 4 feG•t- d.rloped and he W8 -started back to the do&.

R mogh iurfiie condi-ionws wrnoited the hSyd to stlow ow and firi -manism .the

wake of the LC a-8. That condition appeared to be the safe limit of operation for
the WSHI with the added we*. I of the EEP and was %Al bevond the limit of comn-
fort of the pletW.

(4) The EEydraui frchd on all occh-4opp with the MSSB anchored or tied
to a marlis buov with the bow info the -;cwa.

(5) The red e. At zrtrieied on the flukes of the projectile pro.vided
additional information that is useful in asse- ng the topa of sediment preaent at

the tenst sitw.

(6) Equipment performance was as .iu:

(a) Gunstand. The gunfoand functioned %elf during the tests-
That problem was later corrected by appyinga more rugged. sal t-water-

resistant plating-

(b) Hydraulic Winch. In choppy waters. the AlSB3 had a tendency
to list under the weight oi the hydraulic winch (approximately 250 pounds)
on the -tern deek. At cruising speed. the MSB had a strong tendency to roll
and %as "stern hea%- P' To move its weight to a lower position and c-'iminish

its effect on) III han'dling characteristics of the NISB, the winch was later re-I
designed to be mounted on the floor (Fig. 481). Placing the hydraulic winch
oh) the floor allowed the following additional modifications:
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1 3Ioing the ten~ometer demeut from ver the stern and
pbeinw, it on the -4stn deck to increase accEiil•ity.

2. 11K'tating the boom up over the s4ern to remove the wire
rope from the wates- wmluRe the MSB was underwzy.

(c) Temniometer-Foot. e Comter. On ihr fir-st day of te•ng, a
Sewor was noted in the tens-iometer. It indicated only- 7A to 800 pounds

when the hAr pin faled at 1500 pounds- Uing an in-line teniorne:er. a
calibration curve was made so that the data pre'viuzlv collected could be used.

At the concdusiou of EDT- the tensiometer was returned to
the Martin-Decker Corpr•rtion 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 line.

The instruction manual supplied by Martin-Decker was found
to be of little value. The descriptions of mounting and fluid charging proce-

durc5 were inadequate and the diagrams were mi-marked ard erroneous.

The footage counter would not work with just the weight of
the guristand (55 pounds) on it- The manufacturer stated that it was designed

to operate at a minimum Moad of 150 to 170 pounds.

An idler whed or fourth sheave should be used to increase the

friction between the wire rope and the counting sheave.

In the original configuration, the tensiometer is hung over the
stern of the MSB. When the wi-c rope is slack, it is not confined in the sheave.
and a 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 NISB propeller
when the operator neglected to insire that the wire rope was clear of the propeller be-

fore getting underway. Rlcmoving the boom (and therefore the wire rope) from the
water is an adequate solution. Ioving the tensiometer to the deck allowed the boom
to be rotated tip over the stern. A hand winch is provided for that purpose.

4. Final Engineering Design Test. Following the finalization of the penetrometcr
fluke length. a test program was tundertaken to establish a correlation hetwcecn the pene-

tration and e\traction iorces of the EEP and EEA. The lest was conducted at the lora-
lions where d6,tj were available from previous X\I-2OO/X M1-50 EEA Engionering 1)esigp
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Tests. A description of tLe tests and ;Luired data follows. The results extracted from
the data are discu.sd in paragraph III F.

a. Chesapeake Bay Tests-October 1971. The procedure followed during
preliminary EDT (paragraph III D) was used during the final EOT at the Chesapeake
Bay test sitec.

Nineteen pfojectiles 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, vissibility excellent and the winds fight. Wave heights and period are
shoun in Appendix C.

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

(2) Before the test, considerable effort was expended in cleaning the
rust from the base of the penetrometer barrel. It had corroded to the point that
the shank of the projectile would not fit into the barrel. Steel wool and oil were
used to remove the rust. Care must be taken to lubricate the barrel 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 Research
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 RB 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 penetrometers 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 l)evelopment
Cener.

(I) The data collected are shown in Appendix 1).
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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, 5¼ 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
be 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 penetration of three
projectiles was 4 to 5 feet, while the fourth apparently did not penetrate and was
retrieved 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 feet were used in anticipation of limited water depths, as outlined in para-
graph Ill 13.

Four projectiles were fired at Test Site 4, where penetrations 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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it, it u &Fb 16~xr. amaim of 3 to 4_ k was prk-Cn r.n in the bottom 10 feýt

lursuat••y te•s (paragAp III F) showed that the gun-
,f a a n w r a• of appro'imatidy 45 from the vertical in that current.

Om caion, the wire rope leame wedgwed between preious
=!MP*,= , r %w e the 'extradictn test w.-.-3 performed. Some effort was re-
,q go, 6 w i r• e rope E ,at with a bar.

"Mhr , oc-s- wtre akd=rred from the data collected during the final EDT

is E? Fenua TQwThe foilovig penetration values are. characteristic of vari-

__- __ EEP Penetration (Feet)

S~5
S•md 12

5M (i0 ft) oser day 16
-- and dA- 19
4 29

E. EE7- £xVtim Forces. The folltwing values are representative of the forces

g o ra-ztn Ite EEP prejectile from various sediments.

'lat-rial EEP Force (Pounds)

.and 1300-1500 (Shear Pin Failure)
Oa.- 700-1100

Le ss than 500

3. EEP Versus X.M-200 EEA Penetrations. Considerably more penetration and
"-tuliaig power d&ta are azailable for the XM-200 EEA than for the XM-50 EEA. Conse-
or .- tbe EEP was correlated to the XM-200 EEA.

"Thbe XM-200 EEA and EEP penetrations in a variety of ocean bottom compo-
.t•x,. arr g-•wn in Fig. 54. The ratio of the penetrations of the EEP and the XM-200
V•,• X t- w,t ccsi-4cnt. flow'ver. a uw-l ul approximation is 1 : 1.7 or
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1.7 PEEP = 200o

A comparison of the XM-200 EEA EDT data with the limited quantity of
XN%-50 EEA EDT data shows that the penetrations of the two anchors are approximate-
ly the same.

4 0 - S S
-35

z30
C25I.- 42O XM -00 EEA
""j 20-
LJ j. 5 - X L SV

10- EMBEDMENT
P EN ETRAM ETER

SOIL

Fig. 54. Explosive embedment penetrometer and X M-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 l)eef cor-
related with the penetration and extraction force of the EEP and compiled in chart form
(Table I V•.
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Table IV. Explosive Embedment Anchor .Hlding Pow& Correlation Chart

EXPLOSIVE
EMBEDMENT EXPLOSIVE EMBEDMENT ANCHOR

PENETROMETER

EXTRACTION XM - 200 I XM- 50 HOLDING
PENETRATION FORCE HOLDING HOLDING POWER

(FT (LB' I POWER POWER RATING
F,_

1500 200,000 50,000 VERY100%
10EGOOD

10 1000 150,000 37,500 75%

GOOD 74%

17 700 60,000 15,000 FAIR 30%

MARGINAL
22 400 35,000 7,000

POOR

35

b. The holding power of an EEA at a location can be predicted by enter-
ing the chart on tile right with either the EEP penetration or extraction force at the
locatio,,. The EEA holding power and rating are read on the left.' If the extraction
force and penetration do not give the'sanie results, use thle one that yields the most
conservative answer. The holding powers of the XM-20O/XM-50 EEA have been rated
as percentages of the maximum nholdingpower.2

211. C. Mayo, "Installing and Mooring Test of Multi.!leg Tanker Mooring S) stem Incorporating Explosive E mIed.

mient Anchors (ET/ST, 1766)." Unpublished, U. S. Army Mobility Equipmnit Research and Development (enter.
January, 1968.
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c. In some areas, stiff sediments may overlay a soft sediment. When the
EEP is d&ployed, 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 he 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. 3

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

d. A study by VeseC4 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 irs
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. In its
early 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 MSB. 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
on the EEP wire rope. I

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 Ilydronautics, Inc., in February 1972.

3 See Christians and Mcisburger, "Development of Multi-Leg Mooring System, Phase A-Explosive Embedment
Anchor." Figure F-12, USAMERMC Report 1909-A, December 1967.

4 Alcksander S. Vesec, "Breakout Resistance of Objects Embedded in Ocean Bottom," Duke U]niversity, I)urham,
North Carolina, May 1969.
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a. Test hrocedure. The gunstand was suspended in the tank below the car-
riage that traverses the !ength of the tank. The cable suspending the gunostand from the
carriage was attached to a transducer that measures vertical and horizontal force& The
resultant of these forces is the cable tension and the ratio is the angle that the gunstand
makes with the vertical.

A Nikon Motor Driven Underwater Camera was placed at mid-tank op-
posite a grid. As the carriage travds along the tank and the gunstand passes behween
the camera and grid, a photograph is taken and the angle between the gunstaid and
grid is measured from the photograph and used to check the results obtained from the
force transducer. Carriage speeds of %, 1, 2. 3, 4, and 41% knots were used.

b. Results. Regardless of the orientation of the gunsta?.d in -till water. -he
current rotates it so that the closed side of the C-ring reinforcement points in tle direc-
tion of motion. At slow speeds, however, the profile pzesented to the current may rot
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 30. Figures 59 and 60
are 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 by
the current acting on the gunstaid is assescd by considering two extreme cases 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 0,
the ensuing extraction test will fall between two extremes as shown in Fig. 61.

(1) Stiff Sediment (Line A). l)etermining the penetration by Method
I (paragraph III C), the gunstand is raised unti! the serve cable is fully deployed
am]d an increase in load is in(dicated. If a stiff sediment is present, it will resist the

effort of he. serve cable to seek a straight line between the guinstand and the pene-
trometer. The indicated penetration will be greater than the vertical penetration.
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Fig. 55. Explosive embedment penetrometer force components.
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EPHOTOGRAPHIC TPUSDiCER
GUNL CABLE CABLE

,Z 2 2 2
2 27 24 23
4 47 4V 48

Fý. 5&. Compauigoo of pholognphic uijd feor trin~dluctir

Even thocuA~ the serfcAl penueratwon is reduced- it stil Oue- an indication of the
sxdmrnt•J abijlity to wEris the movema of the priwetie.

(2) Soft wdimmst (Line B). In thli caw. the projectile cnitcr the -edi-
ment at an an* 0o and under the foe of the extraction tes. the cable mioVO
through the sediment from position A to poition B. The sediment is -oft and the
anchor remains in place while the cale is moved toward the verical.

The vertical penetration indicated on this caseM will be IS- than the
actual penetration b- a factor directly proportional go the cosine of the angle of
incidence.

Since the sedimnnt is soft. Method Ii could also be us.ed to obtain
a more accurate estimation of the %ertical pein.t-ation.

In both cases. the extraction force will also supplement the infor-
mation obtained from the penetration values..

(3) Common Case (Line C). In the eases mAt commonly occurring
in actual sediments. the cable will follow a path .imilar to Line C when the I.--te-
tration is measured. It will then bc between Case A or 1.

iLetting

PIv = vertical depth of the projeetii'

i) p=neiration of UEP projectille into Can floor

amd appl-ing .lethd I (paragoaph Ill M).
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Pv = C-141-R1 -(P-P,)

- C-ttl -RI -[C-il1 -(Cos. 4(C-H1 -Rl ))]

= (C-H1 -R1)Cos4)

or

Pv = P Cos4)

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.

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.

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 24 10
3 40 24
4 48 32

NOTE: THESE VALUES WERE DERIVED FOR A HYPOTHETICAL CASE. THE ERROR IN A REAL SEDI-

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 gunstand from under the
MS13 and the amount of wire rope requird to reach the ocean bottom can be deter-
mined theoretically.
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The forces acting on a segment of the %ire rope are its W'i-.. the lift =A
drag forces exerted by the current, and the force of tie gunstand at the lower ca.

The force per unit length is

d = CLgA+ CD-- A

The lift and drag coefficients, CL and CD are given to lloerne. 5

CL = 1.1 sin 2 cfcosa.

CD = 1.1 sin 3 o.

Writing an equation for a unit element of the wire rope (Fig. 63)

T'sin = w+F 2 +dv .

T'cos = di1 + F,

dx - tan o = w + F 2 +d
dx dll + F,

where w = weight of the cable per unit length

dv = vertical component of drag (lift)

dH = horizontal component of drag

FG = force exerted on the cable by the g||nstand

1 O1  = FGsin l' .

F 2  = FG Cos aj.

oi = 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 tip t!:c cable. The force of the gunstand (FG ) and the initial

5
Sighard F. lioerner, "Fluid-Dynamic Drag." Published by the aulhor, 1965.
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angle (cfQ) 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

130 112 1KNOT 2 KNOTS 3 KNOTS 4 KNOTS
I-10

10010

tJ80 -•81-61 .- 01. •

20 40 60 80 100 120 140 160 180 200 220 240
HORIZONTAL EXCURSION IFTI

Fig. 64. Gunstand excursion as a function of current velocity and water
3depth.

Figure 65 shows how much wire rope must be paid out to allow Cie gtinstand
to reach the bottom in various curreins.

In a 2-knot currcnt and 120 feet of water (the limiting conditions), 138 feet
of cable musi he paid out to reach the bottom.
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IV. CONCLUSIONS

It is concluded that:

I. Mooring Site Survey Equipment can determine the suitability of an offshore
area for tile deployment of the Multi-Leg Tanker System. The AUSE and EEP comple-
ment each other to achieve the mission with a degree of accuracy and reliability that is
not equaled by the deployment of one of the components alone.

"2. Tile combination of a sub-bottom profiler and side scan sonar is far more
'aluable than either alone. Tile side scan sonar aids in tile identification of tile surface

sediments on the sub-bottom profiler.

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

4. Tile 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 A USE.

7. A correlation exists between the penetration and extraction forces of the
EEP and the penetration and holding power of tile USAMERDC XNI-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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APPEN DIN A

TEST SITES
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Chesapeake 3ay Test Sites
Core Sap.le Log

Site I S;-te ?

PR Classification Depth 1 PR Classification

dark grey silty S-
51 sand, terrace s I..1. - fine grey silty

. ~sand

V-S silty fine sand

65 S-H 12

silty fine sand -1
SP-S.%10

- 0

CL

sandy silty clay

15-

20 222

25
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Chesapeake Bay Test Sites
Core Sample Log

Site 3(C) Site 3(D)

PR Classification IDepth PR Classification

fine sand, little

4 SM silt, dark grey-
0 brown

C!.-OH clay and silt,

little organic
matter 5
dark grey
(occas. traces 26
of sand) fine to coarse sand

trace of silt,
"brown

10 26 SP

fine to med. sand,brown

15- sand & shell, gray
- 18 SC

9
silt & clay, some
very fine sand &
shell frag.,

"2 20- 12 dark grey

45 very fine sand &
SM silt, dark grey

"1254 31

2 lenses of peat &
OH-PT silt
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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
6 P of silt

brown and dark grey SP-SM fine sand & traces

of silt,
brown & dark grey

5

SM fine sand, some silt, 9

dark grey

Soft

silt, soud clay,
- 8 ML little sand,

10-- dark grey

fine to med. sand,
23 16 SM little silt

SM fine sand & a little
silt, dark grey 11

15"

silt, some clay
"ML little sand,

Soft Soft dark grey

3 M silt, some clay, 20 "
or occas. lens of

OH sand,- 
l

2 dark grey
trace of organic mat. 11 SM fine to med. sand," ii SM little silt,

CH dark grey

"25 -silt & clay, trace
of organic matter,

3 dark grey
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Chesapeake Bay Test Sites
Core Sample Log

Site 3(G) Site 3(H)

PR Classification Depth PR Classification

fine sand, traces fine sand, little
of little silt, silt, tr. organic

"SP' dark grey & brown matter, dark grey
SM

16 Sp fine to course sand
5 trace of silt, grey

1

MH silt & clay, trace
of sand, dark grey

6 slightly organic 7
10-

Sc sand & shell frag. - 50 fine and med. sand
18 and clay & silt in layers with trace

of little silt,
38 SM very fine sand & dark grey

silt, dark grey I
"15 70

very fine sand &
SM silt,

80 dark gray

3J

20- 3

CH clay & silt with
lenses of peat.
dark blue-grey

"25 1
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S�37 Test sites

QMaf = P, CIass•fteatioa

Fl--
silqy, fine sa_,d

I dark grey

5

1' 25
310

15 J8_____

1 - I silty reed. to fine
I sP-Sp sand. browin

•2 xe 'y fi e -2 3d L 20 -

I-"Ir s rey. yiht [• . rc chlay, dar

.. 3 55 sardy silty clay,

d ok re (ur)i~t 62a - CL rCe shells, darkns of, (!---)sil 62 greysad

i- 1 25 Sl J 15

16 I

14-6



Chesapeake Bay Test Sites
Core Sample Log

Site 5 Site 6

PR Classification Depth PR Classification

fine sand, clay & fine sand, little
SM silt SM silt

Sp-S. fine to med. sand
organic silt and shell frags.

OL-SI very fine sand, little silt, grey

micaceous, trace 5 non plastic
shell grags.

OH organic clay & silt
trace of very fine
"sand, dark grey

"high plast.
-10-

1 _ fine to very fine

SM-OL sand & organic

silt, trace of
- shell frags.

med. plast.
15"

SM

20-

25
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"Chesapeake Bay Test Sites
Core Sample Log

Site 8 Sit4 9

PR Classification Depth PR Classification

OH organic iclay & 22
silt akge fine sand,.some
sltsilt, trace of
plasticity high shl, grey, .• shells, gey

5

10- 40

II

15 6 fine sand, some
silt pockets, grey

I I
20 6

I1

254-
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Chesapeake Bay Test Sites
Core Sample Log

Site 10

PR Classification Depth PR Classification

WR soft grey clayey
silt, trace fine
sand

5

10-

"15"

20"

25 -
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Wave Data
Chesapeake Bay Bridge-Tunnel

19-28 July 1971

Time A000 0400 0800 1200 1600 2000

1971 Period i!, Period Ht. Period Ht. Period Ht. Period Ht. Period Ht.
(see) (ft) (sec) (ft) (see) (ft) (sec) (ft) (see) (ft) (see) (ft)

19 Jul 0.0 no record no record no record 3.0 1.0 3.0 1.0

20 Jul 0.0 2.5 0.7 2.5 0.7 0.0 2.0 0.7 3.0 0.7

21 Jul 0.0 3.5 2.5 4.0 3.0 3.0 1.0 3.0 1.0 4.0 1.0

22 Jul 2.5 0.7 2.0 0.7 2.0 0.7 2.5 1.0 3.0 1.0 3.0 1.0

23 Jul 0.0 0.0 4.0 1.5 3.5 1.0 3.0 0.7 4.0 1.5

26 Jul 2.0 0.7 2.0 0.7 2.0 0.7 0.0 2.0 1.2 2.0 0.7

27Jul 3.0 12 2.0 1.0 2.5 1.5 2.5 1.0 0.0 0.0

28 Jul 2.5 0.7 2.0 0.7 2.5 1.5 3.0 1.0 2.0 0.7 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 (11) Shear Point (lb)

1 J 18 -- 1900 @ 15 ft

2 J 19 -- 1800@ 12ft

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@12-4ft 1500 @ 2 ft(?)

14 F 16 400 @ 16.8 ft 1600 @ I ft(?)

15 F 17 400-800 @ 10-4 ft 1500 @ 1 ft(?)

16 G 15 -- 1600@ I Ift

17 G 14 -- 1500@ I1 ft

18 11 16 -- 1600 @ 14 ft

19 Hl 15 -- 1500 @ 12 ft

153



Wave Data

Chcsapeake Bay Bridge-Tunnel

!2-15 Oct 1971

Date [four Significant Period Significant Height

12 Oct 71 1300 0.0
1900 0.0

13 Oct 71 0100 0.0
0700 0.0
1300 3.0 0.7
1900 0.0

14 Oct 71 0100 3.0 1.0
0700 3.0 0.7
1300 4.0 0.7
1900 3.0 1.0

15 Oct 71 0100 0.0
0700 0.4 0.7
1300 0.0
1900 3.0 1.0

Obtained from U. S. Army Coastal Engineering Research Center, Washington, D. C.
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i
APPENDIX D

POTOMAC RIVER TEST DATA

Explosive Embedment Penetrometer Test
Potomac River Test Sites

I Nov 1971

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

Potomac R. 24 1700 600-800 Silty clay on
site 2 (sheared) (up to 20 ft) surface.

Potomac R. 18 1900 Pin sheared at
site 2 (sheared) l Ift 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. 26 400 309-400
site 3

155

4)



CIS

.. )

0 c

0'3 o e

U) ~ CIS r_

C'a C.,0

.4. 2 1 _ _ _ _

- .- Y

156



I

APPENDIX F

OPERATOR TRAINING COURSE OUTLINE

NEW EQUIPMENT TRAINING PLAN FOR
ELECTRONIC UNDERWATER SURVEY EQUIPMENT

CONTRACT DAAK02-71-C-0410

PART I. CLASSROOM TRAINING - 40 hours

A. Basic Sonar Concepts - (4 hours)

1. Principles of Sonar in general - (2 hours)

a. Sound Sources
b. Hydrophones
c. Beam Patterns of Arrays versus Frequency
d. Attenuation in Water and Sediment versus Frequency
c. Source Level
f. Target Strength
g. Noise
h. Sonar Equation
i. Amplifiers
j. Time Varied G fin
k. Display of Data (Recorders)

2. Seismic Profiling Sonar - (1 hour)

a. Frequencies Used
b. Sound Sources
c. flydrophones
d. Beamn Patterns
C. Recorders

3. Side Scan Sonar - (1 hour)

a. Concept
1. Frequencies versus RangeiReolution/Blam Pattern
c. Dlual Channel Recorder

1
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B. Introduction to the Electronic Underwater Survey (EUS) Equipment -
12 hours

I Recorder - (8 hours)

a. Driver Circuit 5 kHz
b. Driver Circuit 100 kHz
c. Sonar Amplifier
d. 5 kHz 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

2. Side Scan Towed Body - (2 hours)

3. Seismic Profiler- (2 hours)

a. Towed Sound Source
b. Hydrophone

C. Operation of EUS Equipment - 10 hours

I Side Scan Sonar System - (4 hours)

a. Deployment of Towed Body
b. Tow Depth versus Speed and Cable Length
c. Range Controls
d. Gain Control
e. Time Varied Gain Settings
f. Output Test Procedure
g. Receiver Test Procedure
It. Scale Lines

2. Seismic System - (4 hours)

a. Deployment of Towed Sound Source
b. Deployment of llydrophone
c. Operating Speed
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d. Range Control
e. Module Control
f. Power Level
g. Gain Control
h. TVG Control
i. Output Test Procedure
j. Receive Test Procedure

3. Recorder Operation in General - (2 hours)

a. Paper Change
b. Helix Blade Adjustment
c. Panel Light Intensity
d. Fuses
e. Event Mark
f. Elapsed Time Meter

D. Maintenance of EUS Equipment - (6 hours)

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 1
E. Record Interpretation General - (6 hours)
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I. Side Scan Records - (3 hours)

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

2. Seismic Records - (3 hours)

a. Outcroppings
b. Stratification
c. True Depth Determination

F. Specific Application to Selecting Mooring Sites - (2 hours)

I. Absence of Rocks and Outcroppings-
2. Firm Sediment
3. Depth of Sedirgent

PART II. SHIPBOARD TRAINING - 40 hours

A. 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
c. Connection to Recorder

3. Seismic Sound Source - (1 hour)

a. Tie Point of Cable
b. Lerngth of Cable
c. Connection to Recorder

4. Hydrophonc - (1 hour)

a. Use of Boom
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b. Adjustment of Depth and Relitive Position to Sound Source
c. Connection to Recorder

B. Operation of Equipment - (12 hours)

I. Side Scan Sonar - (5 hours)

a. Range Settings
b. Gain Settings
c. Test Procedures
d. Actual Operation by Each Student

2. Seismic System - (5 hours)

a. Range Setting
b. Module Control
c. Gain Setting
d. Power Control
e. Test Procedure
f. Actual Operation by Each Student

3. General Operation - (2 hours)

a. Blade Adjustment

b. Light Intensity
c., Event Mark
d. .PaperChange
e. Actual OperatJon by Each Student

C. Maintenance of Equipment - (6 hours)

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

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

2. Troubleshooting - (3 hours)

a. Instructor Induces Various Failures. Students endeavor to

Ascertain which P/C Card or Fuse has Failed.
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D. Safety Measures - ý2 hours)

1. Maneuvering with Towed Bodies - (1 hour)

a. Large Turning Radius
b. Stopping

a a

(1) Haul in all Tow Lines to Minimum Scope Prior to Stopping.
(2) Make Sure no Lihes are Under Boat. I
(3) Make Sure S. S. Towed Body will not Strike Bottom. ,

c. Getting Underivay

*1*
2. Recorder - (I hour) ,

a. Turn Off Power'before Opening any' Covers
b. Short Out Energy Storage Capacitors before Servicing

I I .

E. Operation in Various Areas - (16 hours) ,

Repeat B in other areas to attain more experience in operation and to
observe varying bottom conditions.

PART III. LIST OF AREAS FOR TRAINING,

A. Areas Having Variety of Subbottom Features

1. Salem Harbor
2. Offshore between Marblehead tind Boston Outer Harbor
3. Boston Outer Harbor
4. Boston Inner Harbor

PART IV. QUALIFICATIONS OF INSTRUCTOR5

A. Robert F. Henderson, Senior Engineer will he the pfincipal instructor. He
has 6 years' experience in designand qperation. of seismic and side scan sonar
systems with EG&G. Other related experience and education as per attach.
ment I. 1

SI IS

B. Arthur G. Gerokoulis, Technical Specialist will be the assistant instructow. Hd
has 8 years' experience in the construction of seismic systems and 3 years'
experienee in construction and operation of side scan and seismic systems.
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