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ABSTRACT

The effect of bcettoa backscattar on target detection ‘
rangeas for 10-kAz Klain and EG5S side scan sonars s |
investigated. Glass spheres of 16-ca diametar vith measured |
target strenjths of <-24 4AB wvere deployed in 30-a wvater
depth, 0.7 m 3bove sand and shale bottoas. Controlled test
‘ tuns past a linear target configuration were performed. For
a sand bottom, the Klein system yielded target detections at
a maxiaum range of 150 m with 100% success. The BGEG systanm
vielded 100X detection out to 152-a range, with detection
46% of the time at 259 m and 86% at 228 =. A shale bottom
masked all <target returns negating detection. Detect ion
thresholds were estisated by comparing field results to
theoretical ranges calculated froa tha sonar aquation using
applicable backscatter coaf ficients. The results show *hat
it is possible to deternine the gasphysical and side scan

. system inputs sufficiently well =5 allow Jdetermination of
the efficient spacing of survey lines in shallow water
hydrographic applications of side scan sonar.
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I. LEIROROCTION

A« HYDROGRAMIIC SURVEYING

The fundazental objective of hydrography is %o de eraine
the see floor topography and refersnce it gecgraphically to
knovn points >n the surface of the sarth. It is the hydro-
graprher's responsibility ¢to perfora <the task of aeasuring
and sapping bottom features wvhile being physically removed
from the area of interest by the covering body of water. In
contrast, land surveyors may dicsctly occupy the %errain
being aapped. The goal, <therefors, aust be attained by
inference froa information collacstad through <the use of
renote sensing, discrete saapling aethods.

V. Cenventionnl Hydregraphy

The basic approach to hydrography using coanventional

- or "classical" aethodology froam a simplistic point of visv
is to obtain a sufficient number 5f lepth measurements made

from positions on the sea surface vhich satisfy an accept-

able standard of coverage for a givsn area, and froa these

to deteraine the local trend of the sea floor so that the

Jronl e

topography may be infsrred. Data acquisition is accoa-

plished through the use of a mobila survey platfora, usually
' a vesssl, from vhich hydrographars measure vater depths
ey along its path of travel vith some fora of echo sounder
;i (Pigure 1.1). These soundings ars rafsrenced to geograph-
2 ical positions by fixing the vessel's location at successive
= tines and correlating them with th3 racorded dspths. Vessel

positions are obtained by electronic navigation systems or
visual positi.ning techni ques. Tha desired pattern of
soundings is attained through carefully-spaced,

b T

1

3
%

- ¥ - VS S VTSI S E i LN SN DI v
% "% a E Ty Y .. o '; . S X s LY “ h \ &I\“




L B S Sl DA YA AR IR A

A RO N AR BaSAL RS T e a St il wioel Al aitet k4

OVERLAP OF AREAS 'INSONIFIND'
! AND OCOMPLETE COVERAGE OF SEABED

b
| . - e e y
3 DEPTR OF VATER, '|
| LINE SPACING AND i
BRAM WIDTM OF ECHO- |
SOUNIRR COVERN LEGRES i :
OF COVERAGE OF SRABZD 4
OBTAINED
. ! |
B P T o - - Q ; 1
' 1 :
> |
WIDTH OF GAP BETWERN W {
LINES VARIES WITH }
DEPTH. SEABED m-mn \ !
1S MISSED DUE TO i ;
. OPEN SPACING OF LINES ﬁ \ {
> - z'
. '
===. - |
—.' = |
{ — {
' = E.
= 5
i
==\ 5= |
1 =\ o] N
 S—— ——
\ie) A v / LN A\
T — . j— — —
——\ @IS @-—-ﬁk |
m— _ T
/ o
/ \ !
ARKA OF SEA 'ED 'INSONIFIED' BY CLOSER LINR SPACING, GREATER :
. ONE ECHO-SOUNDER TRANSMISSION BEAM WIDTH/DEPTH RESULT IN g
i
E

4

Figure 1.1 Conventional Echo Sounder {(Ingham,1979].

essentially-parallel, survey lines and
of crosscheck lines. Thus,

a sufficient number
profiles of the bottom along the
survey vessel's track are acgquirei. Ultimately, at the
conrlusion of the data pracessing, representative soundings
and depth contours are displayad in chart form.

There are numerous and mora sophisticatsd means of
acquiring and processing hvdrographic survey data than have

been mentionad in +this brief discussicna. Complementing

these various techniques is a wide variety of advanced hard-

wara, such as the multi-beam, or array echc sounder, which

introduce additional complexity and cost.
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2. Ipherent Rifficulties

As aay be deduced from this simple overview, data
acquisi+ion, storage, and procassing constitute an enormous
task, which is a time-consuming, labor-intensive, costly
operation. Compounding the requiraments of this straight-
forvard approach, the hydrographer f-equently faces the task
of running additional survey lines to confirm bottom topog-
raphy in areas for which the da*a arzouse his suspicion of a
nissed between-line, anomalously-shoal depth. Note in Pigure
1.1 the caveat concerning the gap and a2 missed feature. The
areas in gquestion may be indicat2l by depths inconsistent
with the general trend of the surrounding soundings. Thesa
discrepancies call for an incr2as2 in the density of
sounding lines to satisfy any resarvations the surveyor may
have as to the cpacific shape and axtent ¢f the bottom
foature and to daterasine the area's "lsast depth", which is
of legal and practical interest <o the aariner.

In the case of verifying or iisproving the existence
of obstructions on the bottom, most notvably shipwrecks, tha
obstacles aust be located and a least dspth must be obtained
to a high degree of accuracy. This requirsment is most
often accomplished <through the ta3chnique of wire-sweep
surveys. This method leaves practically nothing to chance
in the determinacion of a 1lesast d2pth, contrary to methods

incorpc"2ting +the conventional 2cho sounder. Howevear,
vire-gveep surveys do not reveal anything about the contour
of the obstacle. Obstacles such as ship masts or stacks,

vertically standing pipes or stanchions, or various bits of
scattered debris that constitute a poor sonar reflector to
tha overhead, vertically-scanning scho sounder, may escape
detection. Their absenca in the survey records could one
day prove to be anything but insignificant.

w
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Soatt maintains statiem’ oa Cumtrel Doat
Galless and nui\ I l

dopth 1ine. tatermedicte floats
::0: vl:o wmde’ (optional, to enable &
fast inboard wider swept path)

Sweep wire maintatasd
taut by constant
teasion winch

Depth Line

Swivel plece

Sinke!
(preleradbly stroamlinod)

Pigure 1.2 Two-Ship Wire Swsep [Ingham, 1979].

A wire-sweep survey is usually a two-vessel opera-
tion (Pigure 1.2), although a single-vessel sweep may be
conducted at the expense of a sevaraly limitad width of the
area swept per run. In practice, a2 thin wirs is suspended
at a knoewn water depth between two vessels and is towved
horizontally >ver the survey aroa. Many successive runs at
various wire lepths are required before the hydrographer is
able to state without doubt th2 1l2as< depth, or a% least 2a
cleared depth at the precise locatiosn of the obsxtTuction.
Although an effective method for yielding a desired result,
! it bears a high price tag with raspect to time and effort

ﬁg leading one t5 question its cost-effactiveness, particularly
- in searching for the anomalous feature.

i

N

o

&y

>
]
)

‘g
AL

14




A
Q]

.3

S

-
-
)

By
R N A v ] .

5

R 86 . - L 2
R

A 4

*>»r’

o

oo

.58

’: l‘: I‘ I

------------
« Ve T ATt Ty, T .
- " . D

3. A3 Alternative

At tha conclusion 5f data acjuisition within a spec-
ified pcertion of a survey area, the hydrographer has
collected as mauch depth informatisn as reasonable diligence
vill allow. It is at this time that the art of infersncs of
the physical dimensions of the sa2a floor comes iato play.
The inference is usually manifested in the form of depth
contours depicted throughout the ra23ion. Whether *his task
is performed by hand or by machine, it ineyitably remains
somevhat subjective due to the inability to obtain a depth
for every point on the bottom. This unavoidable conseguence
is a result of the obvious limitations presented by the
spacing of sounding lines and the charts on which ttke infor-
ration is presented. As a2 result, it's entirely possible
that a significant feature may be disastrously oamitted, or
even added as the consequence of a false echo.

Consilering the foregoing scenario, the advent of
side-looking, or side scan sonar, offsrs an obvious remedy
to this dangerous error source in anydrographic surveys.
This towed, dual-channel sonar takes the form of a hydrody-
namically stabilized "fish"™ that scans on either side of its
path a< a typical operating fregquency of 100 kHz. An
acoustic beam, of <the order of 402 vertical beamwidth and
inclined below the horizontal, is smployed to provide a
continuous, large swath of covsraga. Operating zanges will
vary significantly depending on <th2 water temperatare and
salinity. An effactive range of 1,750 mn may be expected in
fresh water in contrast to 380 m in sea wa*ter (Denbigh §
Flomaing, 1982]. Additionally, 2 narrow horizontal bean-
vidth of approximately 19 enablas datailad resolutior in the
direction of trawvel. A rsal +tima, graphic display of sea
floor images that approaches +tha 1likeness of an asrial
photograprh is generated at a dual-chaanel 1racorder aboard
the towing vessel.
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Pigure 1.3 Side Scan Sonar and Conventional Echo Sounder.

The logical use of such a system 1is for supplemen-

VT

tary data acjyuisition on a vessel running sounding lines
with a conventional, vertically-scanning aeacho sounder as
shown in Figure 1.3 [EES6G Technical Prasentatiosn]. In this
capacity, the side-looking sonar is not used to measure
depth, but 4> image the area lying between adjacent survey
lines., This sapability ensures ths location and delineation
of bottoa features <+hat may hava ascaped detection on
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conventionally~spaced sounding lines, thereby calling atten-
tion %o the surveyor of the necassity for an increased
density of depth measurements in ths suspect area.

It is in the phase of survay operations dealing with
the verification or disproval of obstzuctions and wracks on
the ocean fldor that the application of side scan scnar
lends itself most admirahly. The svarall efficiency of the
systea in 1light of tha apparent detection <reliabiliey
coupiad with 2normous premiuas in raduced survey tims allo-

cations ind cos+t-effectivenesc ...  found gr2at favor with
many of the world's 1leading hydrographic surveying agencies
and organizations.. Indead, Great Britain's Hydrographic

Service has inccrporated the use of Daal Channel Sidescan
Sonar (DCS-3) since 1970.

"I+ is now accepted as boing an assential aid to modern
hgdrogra hic survegiig to he extant that_ no survey on
the Continental Shelf is copsidsrad complseste that has
not 1nc%gded & comprahersive DCs -3 sveap. "
gg;gﬁoqrap C Departaent Profassional Paper No. 4,

Additionally, a 21emo originating from the National Ocean
Ssrvice (NOS) of the National DJceanic¢ and Atmospheric
Adairistration (NOAA' states:

“The use of side scan sonar tqQ locate or disprove the
axistance of raported or charted sunken wrecks and other
submerged cbstzuctions potentzallx dangerous to naviga-
tion was approved April 13, 1982, {Hayes, 1982]

In conjunction wi*h NOAA's interest in the use of
this equipment, 21 field avaluation was performed in 1975 by
the NOAA Ship DAVIDSON, utilizing one of the leading stata-
of-the-art 10)-kHz systems [Special Report QPR 511, 1975].
One of the interasting results of this study was a ralative
cost-effactiveness comparison of side scan sonar techniques
to wire-sweep surveys in the 3z2ta2ction of underwater
obstructions (Table I).
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TABLE I
Technique Cost Coaparison

EXpenss $ids sScan Hize Drag
L hes 1 2

sﬁ?ﬂis 2 1

Crey 12
Load/gnlo 4 tinme 0 hr T hr
Trapsit tise, 1 hr 1.9 hr
Degrozlogt tine 0 hr 1.9 hr
Sedrch tin 1 hr 8. hr
Recovery ne 0 hr «5 hr
Total tinme 2 hr 6 hr
Total man hours 12 aan hours 72 man hours

{Special Report OPR 511, 1975]

B. POCYUS OF RESEARCH

Does <+the side scan sonar provide an all-erncompassing
solution <0 the Adileama of obtaining blanket sea floor
coverage? After all, if the systea appears to be func-
tioning properly, how could one possibly doubt the veracity
of +the constant outpouring of visually-discernible data?
This sense of security is an easy trap to fall into when
using this systen. The successioan 9f shapes and patterns
snerging from the recording unit challenge the operater %o
correlate these presented images int> recognizable faatures.
Indeed, at first inspe~-ion, this appears to be a remarkable
device capabls of penetrating the onca opaque wvater coluan
to allov the observer to witness th2 continual uafclding of
a previously unseen terrain. In this nanner, aisconcesptions
may develop as to what is actually baing observed, oz more

importantly, vha* isn't.
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A majcr area of concern in using side scan sonar is the
systent's varying capability of datacting tausgets of various
size and shape (i.e. shipwrecks, rtock pinnacles, sand waves,
etCc.) on sea beds of diffsring matarial composition. This
problea is inherent in acoustic imaging by bottom back-
sca“ter vhen a portion of the inzident sound ensrgy is
Teflected back <towvard the raceiver not only by the target
icself, but by the sea bed matarial as well. If£ the nature
of the bottca i3 such that it is a* least as gccsd a
rerlector as the target, the pulse raflected from the targat
vill be masked by ¢the return from the sea bed and will not
sucvive as an identifiable echo on th2 sonogram.

The intansity of the echo is ralated %o the area of the
roflecting surface thkit is perpendicular to the incidant
scund pulse. A larger area reflecsts aora sound energy +han
a2 smaller area. The material compasition ¢f the reflacting
surface also affects the amount of reflectad ernsrgy. A
Tocky bottom usually provides the a:d>st backscatter, followed
by sand, with mud being %he least raflective [Orick, 1975].

The backszattsring propertiss of the bottoa have proven
to be axtremely pertinent in Teal-world situations dealing
vith *the verification or disproval of submerged wrecks or
natural obstractions presenting a hazard to navigation. Is
i+ reasonable to assume that a wrsck may not be 1as easily
ijentified on a rock bottom as on a sand bottom? What kiad
of ranga capability, as a furctior of bottom %“yps, may be
expectad for some cf the most widaly used 1)0-kHz side scan
sonars conmaercially available today? Row acous+tically
reflective does the target need to ba for detaction by these
systeas and hov will that vary from location +o location?

These are 2 few of tha fundomeatal questions that stimpu-
lated the interest for rssearch in <this arsa. It was tae
intention of this investigation to> istermin2 the practical
*arget-detection capabilities of basic, contamporary 100-kHz

19




™,
)

h

-«

ElL N e

¥

it L ad® RV
-

)

A A
A IARN 2

i

AL

-

-

B

side scan sonar systens in taras of maximum detection ranges
vith differing Adsgrees of bottom backscatter.

Two sipilar side scan sonar systeas, produced by leading
sanufacturers in this f£fiaeld, were usad. Data were acgquired
by towing the systems on controlled passes at varying ranges
from targets with a measured taryst streagth, aounted on
different bottom types of Kknown material composition. All
field vork vas performed in Monteray Bay, Califsrnia. Baseid
on the ¥k )wn properties of the sea bad, empirical vraluss for
bottom-backscatter coefficients wvwere incorpeorated dinto the
sonar equation to obtain the maxiaum raznge of destection for
targets of known target strength. These theoretical results
vere then comparsed to ths rasults obtained in the field.
Briefly, tha objective of ¢this study vas to obtain a guali-
tative gauge concerning the practical performance capabili-
ties of these side scan sonar systsas in the uncooperative
ocean envirorment, thereby assessing their ability <o aii
the hydrographer in accurately and =>afidently surveying the
saa floor.
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II. SERE SCMN 3QEAR

A. HBISTORY

. Post-World War II commercial applicaticns of surplus
ailitary sonar systess led to a iiscovery fundamental for
side scar sonar iasaging. A coasistent correlation was

observed betveen e¢cho intensity 2aand sea-floor topegraphy
froa high frejuency sound reflections off the ocean bot:toa.
Kunze (1957) and Chesterman et al. (1958) conadccted experi-
sents directel specifically at ampldying this phenomenon for
sea floor mapping (Flemaing, 1982). Based on the Tesults of
thuse experiments, the first operitional side scan sonars
yete developed by Tucker znd Stubbs (1961) at the National
Institute of dceanography in Great Bcitain [Fleaming, 1976].
These systeas were designed specifically £5r geological
investigations of that country's continental shelf
{Leenbardt, 1874]}. Since that tiae, the side scan sonar
conceyt has evolved at 1 repid pacse, Belderson et al.

f; (1972Y.

Fi The extensive diversity of applications of the side scan
- _ sonar technique has <resulted in numerous variationg to <he
2 basic con~spt. In response t> the user's particular needs

[ and economic constraints, there exists a wide range in the
dea—~ee of sophistication and specific operating paramaetars
of available instrumants (Figure 2.1;}.

-w'
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5% B. BASIC SISTEN COHPOMNENTS AND THENRY OF OQOPEBRAYXION
o34 A typical sile scan sonar systaa used in hydrographic
o o
22 surveying consists Of thrae main soaponents: a transducer
Qﬁ " assembly vwhich comprises <the submerged operating unie,
il comannly referred to 213 the "fish®, a rainforced cable
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Pigure 2.1 Acoustic Imaging q.thads [Pleaning, 1982]).

serving as “he transanission lirzk anl tow line, along witha
dual-channal recorder ahoard the survey vessal.

1. 2Qu Fish

This component is a btlancsd, towed vehicle approxi-
mately ? 2 in length, containing two sets of transducers
sounted op sither side of tha body, a transducer driver, and
preanplifiers. The <¢transducers ia use today incorporate
viezo-electric ceramics while oliar models used nmagneto-
strictive vibrators ([Lzeaniardt, 1974]. A representative
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side scan scnar tow fish and its projected sound beam is
shovn in Pigure 2.2.
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Pigure 2.2 Tow Pish and Projected Sound Beam [Cole, 1968].

The transducer's aain lobs provides the principle
source of acoustic imaging, with side lobes inscnifying the
saa floor dirsc<tly belovw the fish. Thess side lobes enable
the operator <to directly deteraine the height of <the fish
above the bottom. The shape of the bear in combination wvith
the high frequency and a very short pulsas length perai:s the
System to resolve aminute topographic detail. Ons of the
beaan patterns used by a . leading amanufacturer of 100-kHz
systaes is illustrated in Pigure 2.3.

Since the graphic recoris produced from *hese
acoustic signals are a product of bdth the main lobs and the
less intense side lobes, for soams particular systeas the
portion of *he record attributed t> the receipt of the side
lobe information will be of inforior juality in resolution
{Plemaing, 1976]. Large objects are still rascorded easily

o T8 S A e SR Y

23

Yt e AR LS O ET BTy Y REY 8 0 TV b R AT STAT 4" 2 s e a
B
: .

il L S 0 T T L B R e A A e S L S T A e P A A T R T S N A




- TR TR TR ATET AT T e AT T T T AT T a T a T a TR e T A T A e Y aT S

KR W o

N

s’

e
]
|
)

B, A0 T B, e

] 2%

Py

I D e (SRl Vool gl
.

o L .
-

o BN R s b 4. & VT

cone angle

- » .

Pigure 2.3 Beam Pattern [RBGSG Instruction Manual, 1975).

enough, but less significant ones may be poorly defined, if
at all. With some systeas, <the inner portion of the sono-
graa for each channel vill display a very noticeabla vhite
gap, this being the result of <the dramatic loss of resolu-
tion in tha area vhere the side lobes overlap with the main
lobes. Por aach particular system used, it is important to
know tha precise gecmetry of thes beam pattern formed ¢to
reliably ascertain the extent of the area corresponding to
this reduced resolution.

Upvard-facirg side 1lobes insbnify tha sea surface
and vwill consequently b2 racoried. I+ will appear,
depending on the sea state at the time, as sither a thin
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undulating line barsly disceranibls, or as a relatively
s:roag, $0lid, dark undulation with subseguent indications
of surface wvaves at their respective slant ranges across the
paper. This initial sarface return can be helpful in calcu-
lating the total wvater depth by adding the sea surface range
to the height of the fish above tha bottom, but it can also
gerve €O clutter and confuse tue desired iaformaction
concerning the sea floor topography.

The recomaended tow fish height during survejy opera-
tions is 10% to 20% of the range scile in use. This measuce
ensures that the area of coverage is largely insonified by
the poverful aain lobe.

2. Dgal-Channel Becorder i

This unit serves as the graphic printing mechanisa
as vell as a housing for most of the system slectronics.
The signals raceived at the transducsr are preaaplified and
sent up the tow cable to the recorlier vhere they are further
anplified. The amplified current is directed to a helix
electrode sweeping out f£rom the aiddle of a revolving
racording drua. The current is transaitted <+hrough
electrically~sensitive recording paper being fed at a
constant rate dependent on the selectad range scale, 02
printer-blade electrode and subsegquently to a ground. In
this vay, marks are produced on the recording paper vith
intensity proportional to the =received signal strength;
stronger sigmals producing darker marks. The distance from
ths center 1line of the plot is proportional to the travel
time for the acoustic pulse to travel froam the fish to the
target and back and, therefore, indicates the range froa the
fish. The hackscatter froa the saa floor will be displayed
through the succession of these pulsaes recorded as the drum
turns.
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Each osperational range scale of the system is split
into equal time intervals which plot autcmatically as
parallel lines on <the record. Thase fixed time intervals
represent fixad slant ranges.

A fundamental operational characteristic of <he |
system is that increasing the ranys scale by a factor of
two, decreasss the pulse repetition rate (prr) by a factor
of one h2lf to compensate for the longar travel times of the
acoustic signals (i.e., f5r a range scale of 75 m, the prr
is 10 pulses per sscond; for the 150-m scale it is 5 pulses
per second) . The paper feed rata 1is reduced by the same
factor to avoid gaps in the printout. In addition, the
relative size of objects recorded will be half as large as
thay would be on the shortar range scals.

A Key feature of the sila-lsoking sonar is that
objects 1large enough ¢to block out insonification of the
botton area behind them will not only precduce a dark,
distinguishable mark on th2 sonogram. bu+ will also leave an
acoustic shadow zone, easily recognizad as a white patch on
the far side 5f “+he object. This shadow serves as an imme-
diate indicetion of a significant contact. The shadow zone
width in conjanction with the position of <the object rela-
tive to the fish can be usad to calcsulate the height of the
object above the sea bed.

3. System Tuning

Due t> the nature 595f the sonar beam employed in <this
system, proper tuning of the apparatus is ¢f <the utmost
importance in order to realiza its full potential.
Similarly, the echo strength will vary directly in response
to a target's reflective properties and size, as well as to
its orientation as presented to the incident sound pulse.
The echo strena+h will also vary inversely with the square
of the slant r~nnge.
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“rypically, due to attenuation as a_ —result of be
3Ei ading, absorption, 1and other time dependent effect
f u

ig ocgyr as the acoustical ;ggng %rgvels through
.S very large typical bein on the order of
decibelg." {glifforg. I

»

th
medium, the dynami¢ ran incoaing 519§3
198

The use of the Time Vari:d Gain (TVG) circuitry
allows the operator <to adjust <che overall graphic data
display <throughout the range of =coverage. As its name
suggests, the TVG automutically increases the system gain in
a linear fashion in relation to the alapsed time from +he
pulse transmission to the receipt of the echo.
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"As a result the large _dynamic ran%e of the -input
signal is reduced to provida elactrica: 51gnalsmrepre-
sedting tha acoustical return signals which have a
d{nalic tange Mmore closelg adagtable to the 'outpu:
display appafatus.® [Clifford, 1980] ,
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With a proper TVG control setting for a flat, hocmo-
geneous bottom, the return echoes will be »>5f essen+tially
constant amplitude, regardless of range. Obviously, careful
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and persistent a+tention to system tuning is mandatory, and
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only the wisdom gained through operating experience will

'-ij'—',ﬁ:-_n".d -

dictate the optimum control settings.
ﬂ 4. Suyggested References
\.'i,;
% The foregoing discussion briefly touched on the
ﬁ pcinciple <tiksory and hardware of siie scan sonars. An
! excellent source for detailed information is, of course, the
'.;q

systes manufacturer's manuals. Thera have also been some
outstanding papers written both on +he theory of these
systems, most notably by Leenhardt (1974) and Cole (1968)
and on the practical considerations in <the use of this
equipment by Pleaming (1976) and Hydrographic Depar+ment
Paper No. 24 (1977).
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C. SPECIPIC SYSTENS USED IN RESEARCH

. ZTheory of Selection

With the ever-evolving state of the art of sidn scan
sonar techniques and equipment for s3a floor mapping, there
exists a aultitude of accessory components not heretofore
mantioned. Por example, digital and microprocessor elec-
tronics allow for on-line correction of inherent cemprassion
and slant range distocrtions, as wall as accoupt for the
removal of the water column from the graphic display. The
more comamon, less sophisticated rescorders do no% possess
this capability. An important contribution has been digital
processing with memory for data storage whick allows post-
proccessing playback of tape recordings along with selective
image expansion to further enhance original images.

It wvas of deliberate intent, with soma consideration
for system complexity and econoay, that this particular
investigation would wuse only the "traditional", practical
concept of <this device. Just tha %“hree main conaponents
praviously me2ntioned would be us2d in <the field. This
approach, in fact, allows the stiuly to more realistically
simulate common field systenms.

2. gSystess Used

The ¢two systems selected for investigation wers
comparable 100-kxHz side scan sonacs amanufactured by Klein
Associatas, 1Inc. of Salenm, N.H. and the Environmental
Equipment Division of B56G of Waltham, HA. The Klein systenm
was graciously provided on lcan by the @, S. Navy's
Submarine Development Group 1; Unmanned Vehicles Detachment
in san Diego, CA. The EGE5 equipmant was similarly provided
courtesy of NOAA's Atlantic Oceanographic and Meteoroclogical
Laboratories in Miami, PL. Additisnally, a SO-am *tow cable
for the EGEG system was kindly loaned by the

28
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U. S. Geological Survey's Office of Marine Geology in Menlo
Park, CA. Systems speci fications may be referred to in
Appendix a.
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IIT. THEORETICAL COESIDERATIOQES

A. SELECTION OF TARGETS

Before testing could begin to Jataraine the range capa-
bilities of the selected sids scan sonat systeas given a
specific target strength, suitable ::rgets had to Dbe
designed. To better airror practical applications, the
targets used vere passivse. In this situation, a portion of
the <transmitted signal 1is reflected back <to the sonmar
system, as opposed to active *argsts (i.e. <transponders).
Target characteristics desired in this study wvere: a suff.-
cient target strength to allow detection over several
different bottom types, small physical size for ease of
handling, reflective characteristics independent of the
hydrostatic pressure, and target strength indespendent of
reflective surface orientation.

The depth of water for <+the tests was planned to be
approximately 30 a (100 £ft). This depth was descidad upon
for varicus resasons. Shallow *owing depths allowed the use
of lightvweight towing cable so that the fish could be easily
streaned at its desired depth and retrieved by hand, eliami-
nating the recessity of a heavy towing winch. In addition,
ths targets could be depldyed and recovered by hand or by
the towing vessel's anchor windlass. Similarly, numerous
bottom samples in prospective test sites could be easily
collected. Visual inspection of bottom type and topography
by amateur scuba divers cculd alsd be conducted without
requiring any complicated decompression measures.

At +this water depth with <¢the tow fish £flown at the
optimua height above the bottom (10% to 20% of <the range
scale in use), the limiting range scala tha* could be used
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vas, at most, 300 m. Therefore, a target had to be obtained
vhich would have sufficient target strength to be detectad
vithin, but not beyond 300 m. Othacrwise, a maxiaua detectied
range for the given target could not be determined.

The target strengths were asasurad in an anechoic water
tank, 7-m leagth by 2-a width by 2-a depth, using conven-
tional acoustic electronic equipment. A Model ITC-5001
transmitter operated at 116 kHz was positioned at one and of
the tank with an sanidirectional <Calesco Modsl LC-32 hydro-
phone located 1.0 ma from the transducer. The calculations
verified that the target was in tha far field 5f the trans-
aitter at known distances from tha transmitter and hydro-
phone. The hydrophone recaived both the incidsnt pulse from
tbe transaittsr and the reflected pulse from ths <*arget,
allowing a relative ccmparison of intensity to be nade. The
locations in the tank were <chosen to aminimize surface and
side reflections.

The following foramula was usai <to calculate target
strength (in 4B):

TS = 20 log P (1m)

vhere P(1a) = the pressure 1 n froa tha target
PI = the pressure at the target

Given that RY is the distance betwean the transamittar and
the hydrcophone, BR2 is the distancs between the target and
the transaittsr, and R3 is the distance between the target
and the hydrophone, the 3aquation is:

15 = 20 log [@3) (2R)
51 (P D)
R2

| SOSSR  |
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vhere PR = ths neasured voltage of the echo reflected fron
the target

PD = the measured vsltage of the direc* echo from the
transducer

The first <target <©o bea investigated was a corner
reflector (three sutuall y-perpeniicular, diamond-shaped
planes) which 1s supposed to provids a high target strength,
but is aspect dependent {Wallace, 1975]. An aluminum radar
reflector vas tested. It consisteld of aluainum plates 64 ca
in 4iagonal, 1-ma thick, with holes varying in size from
S ana ¢t0 40 mm in diameter in a 3Jrid pattarn tc reduce
current effects on the target. The conrner reflector was
secured 1 m above a 55-1b veight by a thin wire. The target
strength measured varied froa -21 dB down to values too low
+0 be measurei on the aequipment, As expectaed, <the target
vas found to be aspect dependent with only an incident
signal normal to a plane of the target being of sufficiant
target strength for the experiasant. The problems of
securing a corner reflector rigidly on the sea floor a+ 30-a
depth and ensuring ncrmal incidence 5n a plane of the target
would be wvirtually insuraountable. Covering the triplane
vith a reflective nmaterial such as ansoprene or axpanded foanm
was considerel as a way O5f increasing target strength and
reducing the affect of angle of incidence. However, a study
of the effects over time of hydrostatic pressure at 30-m
depth on thess materials was deemed to be beyond the scope
of this research.

To obtain a target strength that was independent of
target orilentation, spheres were tasted. Various choices
vere availabla: air- or water-fillad spaeres, or spheres
filled vith a low-sound-valocity fluid. There were several
sphere naterial options for considaration: stainless steel,
zluminum, plastic, or glass. The chosen diameter of the
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sphere vas restricted by the weight required ¢to anchor the
bouyant sphere in 30 a of wvater, since as mentioned before,
all targets wers pianned to be daplayed and recovered by
hand.

jeasurements have been aade by D. L. Polds (197V)
coaparing target strengths of precision-made, 15-ca diameter
hollov spheres with different f£luld interiors. At 100-kHz2
frequency, the stainless steel sphares vwita O0.1-cm wall
thickness anad £filled with low-sound-velocity fluias
producing somnd focusing propertiss, had <%arget strengths
bastveen -17 aad =11 4B depending o5n the index of refraction
of the fluid. The water-filled sphere had a target strength
of -32 dB and the air-filled sphere's %targe*t strength vas
reasured as -30 4B.

The 1low-sound-velocity fluid-filled sphere offers a
higher target strength than those filled wvith air or water.
Hovever, it is difficult to achisve the exact aixture of
fluorocarbons needed for the corrszt sound velocity charac-
teristics. Therefore, only vater- and air-filled spheres
vera tested for this investiga<ion.

Handblown glass <£ishnet floats, 16 ca in diameter, and
aluainum deep va*er fishnat floats, 20 ca in diameter with
6-am thick walls, wvere purchased from a local marine supply
store. The aluminum float had one large ridge about its
circuaference and a rough surface. The “arget strength wvas
too low t© be measured wvhen vater- or air-filled. The
aluainum float was therefore abandonsd as a target.

The air-filled glass float was placed in the tank
secured to a 55-lb iron weight by a 3/8-in polypropylene
line. The float was secured within a 1light, 1/2-in mesh
fishnet. The target strength of the ficat was measured at
approximately -23 4B.

33

A |




...... LR - . . . PO R PRV -~ - LR *
PPV ISP UL TR VL VA s R PN U ORISR WA SR S W W, ¥ S RN P

SURFACE BUOY i

GLASS FISHNET FLOAT

——-

Pigure 3.1 Target Configuratioms.

Five targets wvere constructed, three with 55-1b iron
disks as anchors. The remaining targets had anchors nade
froa tvo anchdr chaia links secursd together, each wveight
totaling S8 lbs. The glass floats were attached by 3,/8-in
polypropylene line 0.7 m above tha weights with a separate
line extendiny froa the weights “o a surface float to allow
easy target recovery (Figure 3.1). It was intended that
these targets be "bottoa mounted" s> that the full backscat-
tering 6££ect of the bottom matarial during target detection
could be observed.
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B. SONAR EQUATION DRVELOPED FOR SIDE SCAN SONAR

To be assared of 100% covarage 2f a survey area during
side scan sopar towing oparations, some prsdiction nust be
nade as to the raage capabilities 3f the sonar systes under
the given environmental conditions. The sonar eguaticn is a
tool to aid 4in that prediction. By substituting into the
equation the specific operatirg variablas of the sonar unit,
the bottom and sea-~surface backscatter coefficisnts, water
characteristics of the working aresa, and <expected target
strength (either an estimated value for a target to bhe
investigated in an in situ situation or a target strength
detarained under labcratory conditions), a theosretical value
of maximum operating range car be calculated which will aid
in determining the miniaum prescribed survey line spacing.

1. Developind the Sgnap Eguation

The sonar equation is bassd on ¢the theory of
detecting an acoustic signal in tha presence of noise, which
!s ambient or self noise, and/or ravarberation, which is the
cignal returnad f£roa scattersrs in tha snvironment. When
the signal is recaived froa the taryet, the echo level (EL)
has to exceed the level of the detacted noise lavel (DNL) by
the detection threshold (DI'), a quantity based on the systen
in use and the expertisa of +tha operator. DT is <thse
raguired signal-+to-nois¢ ratio to alesquately dis+ianguish the
targe+ for a specifised probability 5f datection.

EL 2 DNL + DT (3.1)

Side scan sonar is an active syster generating a
serias of pulses of acoustic energy with a specified source
level (5L). The signal propagata3s <o the target and is
reflectad back with a target strength (TS) that is dependent
cr frequency and on targe:t composition, texture, size,

35

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

P "

P .

.. - N RN 3
M a® e M At e A e w e _a »




s AR

Coaget % ot
[

4 4 5 AAEEBETRTeaTaTeTNTE /R LA TIrY KN4

Mg W TaWTe 2702 anh

shape, and orientation. As the sijnal travels to and froa
the target thsre is transaission loss (TL) each way.

EL = SL - 2TL ¢+ TS (3.2)

In =aost cases <+he DNL £5r an active systam @ay
either be doainated by the noise or the reverberation. Both
cases aust be exaained to determine the 1liaiting factor so
that the appropriate form o5f the sona: equation may be usad.

a. doise-Linmited

The sonar equation for the noise-limited case
is:

B, = SL - 2TL + TS 2 NL - DI ¢ DT

The equation can be written in tarms of ainimpua <arget
strength required for detection:

TS = NL - DI 4+ DT - SL + ZTL 3.3)
The terms are discussed balow:

e NL is the ambient noise level ispendent on ocean turbu-
lence, shipping traffic, and saa stace. At fregquenciss
above 50 kHz at lov saa states _Kiasler, 1982: p. 412]),
thermal nd>ise of the wmoleculss begins +to predoainate.
For frequency (PF) in kHz, tha formula to calculate
tharmal ndise for a perfectly 3fficient, 1ondirectional
hydrophone is: (urick, 1975: p. 187]

NL = =15 + 20 log F 4B ra 1aPa (3 .4)

e DI is the directivity index, a measure of the receiver's
ability ¢> distinguish between <+arget rsturns and peise
from other directions. The ractaangular traasducer of
the side scan sonar contains twd> independent line arrays
with an approximation of the directivity index being
[ Tucker, 1966]:
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DI = 10 log - (3.5)
%
vhere @ = horizontal beaavidth (radians)
6, = vertical beanvwidth (radians)
v DT is the detection threshold.

e SL is the sonar's source level expressed in 4B re 1P i
at 1 .,

e 27L is the tvo-way ¢transaission loss. Por spherical
spreading wvith absorption the transaission loss is:

TL = 20 log ¢t ¢+ a{r-1) (3.6)
vhere r = range in meters
a = absorption coefficient in 4B/n

The ahsorption coefficient for ssavater [ Kinsler, 1982:
p. 158] oorrected for salinity osther than 3Sppt is:

ATt | i

Ay

ae Af,f2 & SBEf f2 + Ci? -
£,2e22  35(f, 2ef2) G-

5 A

VY

» vhere £, =1.32x103 (T+273) exp( -1700/(T+273) )

§ (the relaxation fregquency (Hz) of boric aciyl)

| £, =1.552107 (1< 273) exp({ -3052/(1+273) ]

o (the relamtion frequenzy (Hz) of HgSO,)

é A=8,95x10=8 (142, 3210~2T-5, 1210=-4T2)

ﬁ B=y4,88x10=7(1+1.3x10-2T) (1-0.9x10-3P)

A Clt. 76x10=13 (1=4. 0x10~2T+3, 9x10=4T2) (1=3.8x10=-+P)
§ vhece P = pressure in atadspheres

£ = fraquency in hactz
S = galinity in parts per thousand
T = temperaturs in dsgrees Csntigrade

e Ta® gy S )
o 6 P

N £, and £, are oempirical values <£for salinity of
% 35ppt and pH=8.0
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e IS is the target strength, . tho 48 measure of the ratio
of the intensity of the signal reflected back toward the
receiver 1 a from <ths target, to the intensity of the
sound incident on the taorgets,

b. Reverberation-Liamied

The sonar eguation for the reverberation-limited

A .
?ﬁ case is:
= SL - 2TL ¢ TS 2 RL ¢ DT
AW

Wwritten in terms of asiniaum target strength
™ required for detection, the equation is:
3 TS = BL ¢ DT = SL ¢ 2TL (3.8)
sa vhere RL, reverberation level, is given by the source level
53 reduced by ¢the tvo~way transaission loss <+o and froa the
3§ target plus the targe:c strength of the reverberating region,
ad TS (R) «
! BRL = SL - 2TL + TS(R) 3.9)
iy vhere TS(R) = s + 10 log (unit surfaca area)
5 s = gcattering strength for a unit area
!! Both the 9ea sarface (S) and sea floor (B) are
24 insonified since the side scan sonar projects a vertically-

vide acoustic beam. The surface acea insonified by the heanm
varies depending on the grazing angls (or slant range) and
can be calculated (Pigure 3.2).

ih
=*,

.
[EPSE. S

o
4,

A,

surface area = @, h

e
LALIAS

REDEX: |¢.

whare 6, is ths horizontal beamwidth of the “ransducer and h
is *he distance insonified in the transverse direction.

h = R =-4/[(SR) -~ c:/2])2 - M2

where R is the true range: R = 4\/(SR)Z2 - X2
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Pigare 3.2 Insonified Area.
_ M = Towing Depth vhen deteraining sea-surface
b insonification area, or Pish Heigh= Above Bottoam vhen

t = pulse length (sec)

; the wozking area

’ C = 1048.96 + 8.591T = 5.304x10~2T2 ¢ 2.37Gx10-T3
| +# 1.340(S-35) + 1.630x10-2D + 1.675x10-7D2
| - 1.025x10-2T(5-35) - 7.139x10-33TD3 (3. 10)

vhere T = temperature in °C
S = salinity in ppt
D = depth in meters
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determining soa floor insonificatior area

¢ = speed of sound through vater (z/sec) using the
nine-tera equation presented by Mackenzia (1981) with
temperature, salinity, and depth values suitahle for
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Pigure 3.3 Insonified Area for Very Large Grazing Angles.

Por very largs graziny angles the insonified -
area is o, k, wvwhere the distance h in the transverse direc-
+ion is (Pigure 3.3):

h =2YsR2 - H2 = 2R

This si<uation occurs when the following is true:
M 2 (SR) - ct/2

The target strength of +he raverberating region
is:
TS(R) = s + 10 logrc + 10 log 9 h
Since both the sea surface (S) and floor (B) are
insonified, there is <caverberation from <*hese areas.
Combining the’ two terms (in dBs) t> sbtain the reverberation
level (RL):

RL = 10 log {ant:‘.log[RL (S)} + antilog[n(a)}} (3.11)
10 10
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where:

-2TL+ +101 +101og6, h (S
antilog BL(5) =10 5L (S) ~2TL#S (S) +101ogre1010g8, h(s))

SL (B) =2TL+s (B) +101ogc-+101l0g8, h (B
antilog RL(B)=10( (B) (8) g 1098, h(B))

Substituting into (3.11) and combining terms results in:

RL = «2TL/10 1logr
/ 10 g

10{109 10

10[SI-(B)fs(B)nomge,h(B))/w

*10[SL(S)+S(S)+1010g8,h(S)]/1O]§

Simplified:
RL = =2TL ¢ 10 log r ¢

1010
1 109[1°{SL(B)+5(B)+ 1038, h(B) }/10

*10[SL(S)+s(S)+1Ologe,h(S)]/10]

(3. 12)
Substituting (3.12) into (3.8):

TS = 10 log r + DI - SL(B) +

v

SL(B 101log9, h (B 10
1 109[10[ (B) +s(B) +1010g®, h(B) 1/

+1o[sx.(sns(spnomge.h(S)]/10]
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3 simplified:

R

E TS = 10 log r + DI +

A s (B) + 1010g6, h (B 10 '
E " lcg[m[ (8) g8, h(B) 1/
Cr: ;
Y +1o[-sx.(a)+sx.(5)¢s(5)+131oge,h(S)}/101'

d
(3.13) i

Bottom backscatter, s(B), is dependent on signal
frequency, grazing angle, and bottom composition and relief.
Studies have been made by McKinnay and Anderson (1964)
resulting in 2mpirical values of bottom-backscatter coeffi-
cients between 2° and 60° grazing angles for 100-kHz systems
that can be substituted into equation 3.13 (Pigure 3.4).
Garrison (1960) experimented to determine sea-surfacs back-
scatter coefficients at 60 kHz over a range of different

tmospheric conditions. Wind spead correlated more closely
vith the surface reverberation than wave height. Aléo,
large rain drops on a smooth watar surface caused maximum
scattering strength. Sea-surface backscatter is also depen-
dent on grazing angle and frequency. Through emnpirical
methods, Urick (1956) formulated a graph to approximate
sea-surface reverberation at 60 kHz as a function of grazing
angle and vwind speed (Figure 3.5). The grazing angles can
ba calculated for specific ranges from the measured tow fish
depth and the corresponding height above bottom along with
the slant range to the insonifieil bottom and sea-surface

v
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area.

The source leval (SL) wvaries with the angle off
the acoustic axis © according to the beam pattern inherent
to the systen. The beam pattarn, B(®), can be approximated
by:

B(8) = 20 log H (3. 4)
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Pigure 3.4 Bottom Reverberation at 100 kHz [McKinney, 1964].
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Pigure 3.5 Sea-Surface Reverberation at 60 kHz [ Urick,1956 ].
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vhere H is ths directional factor:

H = sin(b sin®)

b sine®
1
|
H
SEA
|
—Gacsurrace) \| /N SURFACE |
\ !
I \ |
: TOWING \ : |
DEPTH \ |
\\ %
O(SURFACE) | |
FIS ___ ___L__._- }
FISH F i1 ' g
HEIGHT 8(BOTTOM) | —— ACOUSTIC AXIS i
ABOVE / |
BOTTOM 5 GA{BOTTOM / SEA |
{
]
|
|
4

Pigure 3.6 Calculation of the Source Level.

-—re
-

The constant b can bz found from the bean
pattern. Given the angla f-om th2 acoustic axis at which
20 log H = -3 dB (H = 1/42) , b can be computad iteratively.

The source level for tha surface, SL(S), and the
sea floor, SL(B), <can be cosputed £5r a given angle off the
acoustic axis., This angle can be calculated as follows:

M SN E SR AR ARl & i ridd

O (surface) =GA (sur face) +I
8 (bottom) =GA(bcttom) I
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vhere GA is the grazing angle and I 4is the angle of
inclination below the horizontal of <the side scan scnar
systea's beam pattern (Figure 3.6).

The source level can be computed as follcus:

SL(S) msSLe+B[O(surface) ] !
SL(B) =SL+B{6(bottonm) ]

2. Defining the sSonar Egquation Vasiables
a. Ndise-Limited Vvariables

The noise-limited sonar egquation, found by

substituting equations 3.4 through 3.6 into 3.3, is:
TS=-15+201>gF-10l0g - *DT-SL+2([ 20logr+a (r-1) ] (3. 15)
5 6;

The operating frequencias (F) specified in the
manufacturer's manuals for the Ki3in General Purpose Nodel
422 tow fish and the EGEG Model 272 tow fish used in %his
investigation are 100 kHz and 105 kHz raspectively. The
source lavels for each system ars identical at 228 4B ra
uPa at 1 =n,

The baamwidths of +the Klein are fixed at 19 in
the horizontal (®,) and 409 in ths vertical (8,) with the
axis of the acoustic beam inclined 109 down from the hori-
zontal. The EG&G system has 2aijustable vertical-bean
depression angles of either 109 or 229 and vertical beam-
widths of 20° or 50° with 2 fixed 19 horizontal beamwidth.
In shallover vater depths (less than 40 m) a vertical beam-
vwidth of 209 with a depression angls of 10° is recommendad
in the marual and wvas used for this project.

Tha detection <+hreshold (DT) cannot he aasily
spacifisd as it is system- and operator-dependent. The more
experienced an operator the higher thes probability of detec-
tion, hence there would be a corrsspondingly lower DT than
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there would be for an inexperienced operator. Flamaing
(1982) suggests using the following foraula for side scan
sSOnars:
D = x ¢+ 10 log B + 30 (3.16) ‘

vhere x = required signal-to-noise ratio in 4B
B = bandwidth in kHz

Fleaning usas 15 dB as 1 typical side scan sonar
value for x. The Klein and EGSG systems in the present
study have bandwidths of 100 kHz aad 10 kHz, respectively.
Inserting these values into 3.16 rasults in a DT of 65 4B
for the Klein and 55 4B for the EG5G. A value of 0 4B has
also been suggested as ar estimation for the BGEG system.!
When noise~limited and reverberation-limited results vere
compared to 3etermine vhich dominated, DT was immaterial
since the shape of the curve generated from the sonar equa-
tion doesn't vary with changes in DT. (See Pigures 3.8
through 3.13)

The absorption coefficiant (a) from equation 3.7
is dependent on the frequeancy, watar tamperature, pressure,
and salinity. The appropriate values pertinent to the water
column at the test sites were detarmined and used in +his
calculation., (See Chapter S, Section A, and Pigure 5.1)

The side scan sonar systaas were actually oper-
ated in a depth of 31 m with the f£ish being towed from 7 to
30 m above the sea floor (Appendix l), corresponding to tow
depths of 1 to 24 n. Thase measur2s translate into gauge
prassuras of 0.1 to 2.4 atmospherss.

Brrors in temperature and salinity values of 20C
and 2ppt respectively rasult in a maximum change of
$0.007 dB/n in the absorption coefficient. The difference

a
Clifford of BEGS&G,

\

“

a 1Referenca 3 % phone conversatiosn with NMr. Peter J.
i u6

y




in transmission loss due to ¢the arror in +he absorption
coefficient is +4 AB at the maxiaun range testad, 300 =m.

b. Reverberation-Limited Variablss

The reverberation-limited sonar sesquation 3.13

is:

TS = 10 log r + DT +

1 log{1o[s(8)+101096.h(8)]/10

’10[-SL(B)#SL(S)#S(S)+131099,h(S)]/10]

The manuals for both systems tested state that
the pulse length (t) is 0.1 millisaconds. The horizontal
beamwidth, detection threshold, ani surface and bottom back-
scatter coefficients used in this equation have been
discussed previously.

The sound speed (c¢) was determined from equation
3.10 using ths values of temperature, salinity, and depth
discussed under *he noise-limited case., An ercd>r .n temper-
ature and salini+ty of 2°9C and 2ppt, respectively, Tesults in
a negligible error of +0.014dB in target strength.

The beam pattarn can be approximated for each
system using agquation 3.1 (FPigure 3.7).

EGEG Klein
: Vertical Beamwidth: 200 uQo
{ 3-dB Down Points: 1 = sin(b sin109) 1 = sin(b sin209)
(Half Power) s,  ee=essccccaas =,  —eemwsem—ea--
N2 b sint0o° N2 b sin200°
Solving for b: b= 8.01366 b = 4.068642

& S RS f S S T
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The beam pattsrn for *ke BEGEG systam is:
B(®) = 20log sin (8.01365 sin®)

B T @ B D P @ S o

8.01366 sin® |

The beam pattern for the Klein system is:
B(®) = 20lcg sin (4.068642 sine)

4,068642 sing

EG&G

%

NSO

LY
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Pigure 3.7 Calculated Beam Patterns.

With the estimated beam pattern calculated, the
source level (SL) can be computed dapanding on the angle off
the acoustic bean.

3. Results

The r2sults from the noiss-limited sonar equation

3
-
.
r‘\
ﬁ
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3.15, plotting minimum target strangth required for detec-
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tion versus slant ranges from O m t> 300 m using representa-
tiva *owing heights, are shown in Figures 3.8 and 3.9. The
target strenyths requirad when noise dominates vary from
-192 4B +to =98 AdB.

The rasults of the reverbsration-limited casas are
shown ia Pigures 3.10 through 3.13. Two bottom typss ware
used, solid =ock and sand. Target strengths wers calculated
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; for bottom grazing angles between 2% and 609 since botton-
! backscatter coefficients are available only for thosa
angles. Sea-surface backscatter ccefficients were <t2zken
from Urick's data using 5 knots for wiad speed. The target
strengths required, vhen reverberation dominates, range from
-44 4B to greater than 13 4B at ths peaks.

The tow heights wused in the «calculations were
obtained by averaging +the tow haights employed for seach
range scale during field operations (Appendix C). The Klein
fish was toved at heights 2f 10, 15, and 20 a while the EGEG
wvas toved at 16 and 28 a.

A comparison between the noisa~-limited case and the
raverberation-limited case <clearly shows tha* *the two side
scan sonar systems are revarberatisan-limited.
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Iv. RRQJICZ DESIGH AND RIBLO NORK RROCERURES

A. PROJERCT OBJEBCTIVES RESTATED

The underlying ¢theme of this research vas to test the j
practical target detection capabilities in the presence of
bottoa backscatter with representative 100-kHz side scan
sonar systeas. Specifically, an attempt vas made to deter-
aine the saximum range of detectisn given a spacific target
strength and shape for differing types of material composi-
tion of the »>cean floor. To derive the desired datection
and range information, an artifisial <targat array vas
deployed in test areas of differing bottona types.
Pragmatisa was lent to the sxperimsnt through the guidance
of an expert thoroughly experienced in the use and mainte-
nance of side scan sopar aequipaent and the manual operation
of the analog recorder, as vell as visual interpretation of
the recorded images (Appendix B). Trhis invostiqhtion empha-
sized the real-time, human slement £o5r judgasnt of target
detection rathar <than the use of <=hs op=ional amechanical
peripherals mentioned in Chaptexr II, Saction C.

B. PROJECT QONSIDBRATIONS

1. Issxz 3ite Reguiremspts

It was hoped that three bottoa types could be inves-

SN LT

r

%

% tigated:  rock, sand, aad aud. Since MNonterey Bay,
3 California was the area used ia tha investigation (Figure
i 4.1) , information froa the nautical chart of the Bay and
@ ' prior hydrographic surveys indicatead that a sandy bottom
? could be found and quite possibly a favorable rocky bottom.
Q ; Mud was not as generally evident, but some indications were
i found in a fev isolated areas.
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The test sites were to be as n2arly level as
possible. A steeply sloping or irragular bottom a% the
location of the target array would have provided inconsis-
tent backscattering. A slight bottom slope ¢onld be toler-
ated as long as the targets were all locat2d approximately
at the same depth.

Another test sit2 consideration was *to find working
areas that were somewhat sheltered from the effec*ts of wave
action. It was hoped that throughout the duration of the
field work, geophysical factors woull be relatively constant
so that all 2f the data would be acquired urder similar
circumstances. By working in relativaly sheltered portions
of the Bay with close proximity between test sites, this
objective could be at least partially fulfilled. This
consideration also ensured that ths water column would
exhibit similar properties at the various test sites.

The prospective tast sites were also evaluated for
logistic compatibility to vessel and target positioning

‘techniques. These techniques' could have employed <either

line-of-sight electronic navigation systems with suitable,
shore station setups or visual range markers arected on the
beach adjacent to the working area.

The southern portion of Montarey Bay near Monterey
Harbor offered obvious advantages as to meeting <the above
criteria (Figure 4.2). Sand was known to be there in great
abundance ang, to a limited extent, rock in the form of
shale was indicated on the <charts and hydrog-aphic survey
sheets. Information obtained from long-time residents of
the Monterey area supported the existence of shals to 2 much
greater extent than was indicated on these documents.
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2. Jagpget Arzay

Since it vas desired that all targets be at the same

depth, the targets wvere deployed along an appropriate depth

contour to essentially simula%te a flat bottonm. The depth

contours at the proposed test site run generally parallel to
. the shore, tharefore the targets would be deployed in a line

roughly parallel t5 the adjacent beach.

A linear array of five <*argats was chocsen. The
targets were spaced at 10-m intervals covering a span e¢f
40 m. Thus, with each successive pass by the targets with
the ¢tov fish on a course perpsadicular to <*his 1linear
configuration, detection range information was provided over
this span of 40 m, If only one targst had besn deployed, at
least five passes would have been needed to acquire the same
information. This 40~-m span of passibls target detection
coverage reduced the time and runs required on each range
scale used to attain statistically signifircant results. The
range scales that were to be used included a nminimum of 75 m
up to a maximum tange of detection, or ultimately the 300-m
scale limit imposed by the +est sita water depth.

3. Iowing Vessel

A locally «cwned and operated recrestiscnal scuba
diving boat was chartered for the towing operations. The
36-ft, twin-screw SILVER PRINCE was chcsen for i“s maneuver-
ability, favorable deck plan for ianstalling pnavigation and

.43 sonar-system 2quipment, and available work space <for zasy
o launching and recovery of the tow fish. I+ satisfied the
tﬁ desired towing-launch specifications typically encountecred
Ei in shallow wvater applications.
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4. Ppositioning ITechniguse

Since an autcamated vessel pasitioning system wus not
available for this project, careful planning and consi”-.a~
' tion vas called for in the sa3lection of the prope- posi-
tioning method to employ, particularly in reliable
positioning 2f the tow fish a fixed distance £from the
targeats during passes by the array. If such a systea with ;
+he capability of providing a continuous autcmatic pilot of
“he vessel's track line had been available, <the choice
betveen electronic or visual positioning methods would have
been obvious. The consideration of using temporary visual
range markers appropriately mounted on shore as a vosi-
tioning systea was discarded due to its lower degres of
positioning accuracy and overall less efficient and
practical characteristics.
Vessel and target positioning during the course of
this investigation was carried out through 2hs use of a
Motorola Mini-Ranger 1IIIX, a microwava ranging systenm.
Existing, documented geodetic control stations in the
general vicinity of the anticipatel test area were avaluated
as control points for remote shere station setups. Security
from vandals and available shora powar for the remote
stations were important factors in the evaluation.
Station BEACH LAB, located ashors of an area exhib-
iting indications of a sandy bottom, was uslected because of
¢3 security and availablility of shore power. This station
hid been established using Third 0rder geodstic surveying
standards for a hydrographic survey of southera Monteray Bay
in +he fall of 1982.
None >f the other existing control stations would
provide the desired positioning gsomatry for the proposed
tes+ site. It was necessary that this station be displaced
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reason: positioning of the tow vessal, and amore importantly
the tow fish, at fixed ranges from the targets would be
accomplicshed by steering the vesssl parpendicularly to the
linear array along the desired range arc from this station.
This station's displacement, in axcess 2f 1 mila from the
working area, meant that +the radius of curvature of the
range arcs would be sufficiently large so that, for all
practical purposes, the range arcs in the immediate vicinity
of the target array could be considered straight 1linas.
This factor wvould enable the tow vessel to approach the
array for a short distance along a designated range arc,
with the assurance of the tow fish baing at the approximate
desired distance from the known target positions at the
moment of their insonification.

With this in mind, a suitable point was chosen high
on a sand dune overlooking the propssed test site, approxi-
mately collinear with the site's 30-m depth contour along
wvhich the targets were to be deployad. Subsequently, the
position was geodetically established to Third Order stan-

dards, and the geocgraphic coordinatas computed. The station
was designated as NORTH STAR.

S. . Rater Temperature and Salinity Consjderations

It vas assumed that water temperature and salinity
informa<ion culd be reliably obtained from surface values.
Considering ¢he relatively shaliow working depth and the
particular tiae of year of this tast, it was felt that the
vater column would be essentially w3ll mixed. Consequently,

i
g

X the vater temperatures were recorded zfrom bucket samples in
i the field, and wvater samples wers collected for subsequent
laboratory salinity determinations.

N a®W VoW T .7

59

T

L= L.

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




o,

AR S N A S IR,

S T R S A, Sty x s R A L S L

i ae H

T ATEENENCG LT e . & LF. . . T

T

N S N

T ALE s A A B s~ B8

-~ Ep— .

1'
l

e R e O O ) T o T R S R T T N T T . T, T T T S T T I A L T T T T T Y

C. PFIELD PROCEDURES

Field research wusing the two side scan sonar systems
involved a total of 12 working days, 10 of which involved
actual data acguisition. This fieid work was conducted
interaittently, as veather and scheduling would allow,
throughout the pariod of April 13 ¢to5> May 2, 1983.

1. Selection and Delineation 3£ Sand Bottom Test Siis

The first two days of fiell work involved equipment
installation aboard the SILVER PRINCE, familiarization with
the BEG6G system operation, and deployment of targets at the
tast site. The additional benefi: of input frown the sonar
+echnician, who had not yet arrivsl, was not available at
this time. This period allowed +tha opportunity to perform a
£figld <test of ths electronic navigation system and to
coafirm the £favorable geometry of projected range arcs in
the general vicinity of ths propossl sand bottom test site.

The fortuitouns 1location of station BEACH LAB rela-
tive to the tended werking area providad a juick and aasy
means to detarmine vessel *towing speads. The vesseol was
maneuvered toward <the station on both engines at low idls
speed with the tow fish deployed. This course coincided with
ths general direction of the local prevailing wind and seas.
The ranges from PBACH LAB vere recosried at the starrt and end
of a fixed period of *ime, in *his case one minute, and the
vessel's approximate true spead was then computed. This
procedure wvas also followed running out from the station, or
into the seas, and subsequently rep3ated for both directioms
vith only one angine to raveal the vassel's towing speed and
maneuvering capabilities. A determination of miniaum towing
speed was necassary sSo that +the maxiamum number of acoustic
“pings" off the targets would be obtained o aid in +heir
detection.
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Pollowing this task, a small, but thorough hydro-
graphic survey was conducted in the propossd test sita te
establish the general location of the 30-m depth contour and
to delineate a 40-m portion approximately collinear with
station NORTH STAR that deviated 1little from a consistent
depth of 30 a. This process was accomplished through a
series of systematic sounding lines indicating the desirad
locaticn and recording the appropriats ranges at <the near
and far test <cite boundaries from NORTH STAR. The depths
along this selected sits varied less than 1 m.

Bottom samples vere then attempted with a 2-in diam-
eter, spring-locaded clamshell bottom saaplsar. Numerous
efforts vere madz2 to okbtain a sampls with only slight traces
of fine-grain sand being collected in two casts. The
remaining casts failed to collect any bottom material. This
failure was attributed, at the tim2, more t5> a malfunc-
tioning bottoa sampler <than to the likelihood of the exis-
tence of a hard bottoa. With the iandication and presumption
of a sand bottom, the targets wers deployed with surface
buoys for recovery. A 10-m spaciag between targets in the
linear array was attempted by appropriately maneuvering the
vessel according to the predetermined ranges received from
NORTH STAR and BEACH LAB, along with simul“aneous observa-
tions of the recorded fathometer dapth. The nethod proved
t0 be satisfactory for yielding the approximate desired
deployment objectives.

With <tha arrival of the sonar <technician whosa
degree of operator e@xperience was assantial to this experi-
nent, it was revealed through observation and interpretation
of the side scan sonogram from just th2a first pass over this
test site, that the bottom matarial was not sand as
suspected, but a very hard material, probably shale. This
deduction was indicated by an extramely strong retugcn which
craated a very dark presentation that actually causad the
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recording paper <o burn through in portions. It wvas theor-
ized that the returns from the <tarjets vsre obscursd in <he
ovarvhelaing backscatter from this bot toa materizl.
Subsequent passes were nmade <that supported this theory.
Continued scanning in areas adjacent ¢to the site ravealed a
such lighter, consistent isplay that indicated a sand
bottom, along with the appearancs 5f sand vaves in soae
raas, It vas then decided to r3locate the targets %o one
of these areas to perform <¢he tarjgat dstectisn taests over
the desired sand bottom, and to ascertain if the targets
presented a sufficiently strong and identifiable return to
be detacted at all by this systaea. In esserce it had been
concluded that a sand bottom wcull be moraea favorable %o
reveal this information initially taan would be +he shale
bottom with its higher degree of backscatter.

A hydrographic survey vwas conducted in a sigilar
fashion as at the first site to pinpoint tha 1location for
target deployment. The soundings ii this area, roughly half
a aile north 2f the original site, saowed the desired degree
of consistent Jdepths ayain apprigimately collinear with
NORTH STAR.

A much heavier 18-in wide =lamshell bottom sampler
vas employed in this proposed test site with large samplas
of coarse-grain sand collected. Ths targets wer2 then relo-
& cated and positioned according.y (Pijurs 4.2). Verification
i of a consistent sand bottoa with no outstanding depth

irregularities over the length o>f <the “arget array was
! accomplished by diver inspection.

~E§ 2. Data Acguisition Routine

With the test site selactad and the targets
deployed, actual data acquisition began. The first exercise
of saach work day wvas calibration of the =electronic posi-
tioning systea. A site that coincidad with <he in+ersaction
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of a pair of visual shore ranrgas was chosen Jjust outsids of
the SILVER PRINCE's berth in Montaray Harcbor. Appropriatse
landamarks with known geographic coordinates vere selected to
conprise these ranges. By manauvariag <ha vessel a+ *the
precise location wvhere the npair of shore ranges 1lined up
visually vith the master antenna, tha range measures aboard
the vessel wvere repeatedly observed and comparad to the
appropriate range arcs of a previously detacmined position
coaputed via jeodetic inverse and intarsection methods, In
this msanner, proper functioning of the slectroanic navigation
systea to proiuce accurats and consistent reasults was veri-
£icd twice daily at the star* and 3nd of side scan sonar
data acquisition.

The vassse]l then transitad tkhe short distance to tha
test site, vhere surfacs water saiplss were collected and
the vater temperature vas recorded using a Hewlett-Packard
Digital Quar*z Thermcemeter. This coutine exercise vas also
performed twice daily to note <tha average change o¢f these
values throughout the data acquisitisn periocd.

: The last preliminary duty was *o record weather
observations and run a vessel speed <check with the tow fish
deployed. The method of running <coward and away from

station BEACH LAB was eaployed as praviously aentioned. In
addition, subsequint "sn-line" spsed checks were performed
during actual controlled passas by +he target array by
recording the ranges from both stations over the period of
one minuts. Tha vessel!'s estirazed curvad path o¢f travel
was then plotted and the Jdistancs aeasurad to compute the
approximate true speed under these slightly differernt wind

e ALY

and sea conditions. It was consistantly determined that the

@ vessel's average toawving spsed was bstween 2.4 and 3.0 knots.
3 On tha first day of operation at this test site,
g controlled passes vere run with ths Klein fish towed perpen-
.

. dicular to tha array at varying distances £from tha closest
N

3
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target, Indeed, on the first pass all five targets vere
detected on the 75-a ranje scale. Target d3tection was
verified on subseguent ruas, and the resulting target arry
configuration vas revealed. Due t> placemsent 5f the targets
at intervals close to, but Adiffering froa a straight line as
intended, an didentifiable target pattern vas formed that
served to aid in their identification (Appendix D, Pigure
D=1 .

With the assurance tha: the targets could be
detected and identifieqd, all that remained was to nmake
repeated passes vith the tow fish positiored at tha desired
distances froa the targets. The >bjesctive was to deteraine

.the wmaximum range of detection ovaer this sand bottom by

placing them at the extrsme dJdetection limit of each range
scale., The number of targats detected and their minimum anad
maximum ranges alsng wvwith the fish height wvere racorded in
the field for each run and vere chazkad and verified again
in the post-processing phase ashore. A minimum of 10
passes, and sften nmcre, vwvere run 5n 3ach range scala used.
In this way, a reasonably accurats proobability of detection
and confidenca lsvel could be computad. The nore passes
that .could be made in a reasonabla allotment of time, the
more the confideace intsrval could be narrowed from the
resulting incrasased sampla siza.

It was found that if the wind and sea conditioms
vere approximately siamilar running both inshore and offshore
so that a relatively steady vessal tow speed could be main-
tained, w@any passes could be madz in a minimum amount of
time. The method consisted of mapaavering the vessel around
+he array in a cirzcular fashion, making a test run while
heading inshore on the appropriats range arc, turning the
vessel abcut and conducting another pass ruaning offshore on
the opposite 2nd 5f the target array. Carefuif;ttention vas
paid on the turns to ensure that ths vassal was on a se:
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course long enough following thesa turns and Just prior to
steering the lesignated range azc, to allow the towv fish to
return to the vicinity of the vessel's track line. This
routine proviled reasonable assurance that <¢he tovw fish was
the prescribeld distance from the tazgets to insoaify thea,
in most cases, at the edge of the range scale in use.

At the conclusion of data acguisition (112
controlled pusses) to obtain the aaximum range of target
detection fo the sand bottom area, somc gquestion reaained
as t0 vhat actually contributed to the returns identified as
the artificiul <targets. It was gquestionable wvhether the
glass sphsres vere solely responsible for the intensity of
the returas, or vhether they vere a praoduct of contributions
froa both the spheres and their rsspective anchor weights.
To resolvs this dilemma, it wvas decided to recover two of
the targets, remove the spheres, 1and return the weighes to
their former positions to observe whether or not they
presented the same earlier-identifiable returns on *he sono-

. qram. Accoriingly, PBRuns 117-126 wers made on the 75~ and

100-a range scules, having the hijher systam pulse repeti-
+ion rates (Appendix C). It was shova in some 5f *these runs
that a Teturn was still received from all five targets. The
ones vithout the spheres presented roughly half as strong a
Teturn as those with the spheres still intact (FPigures D-2
and D-3). The remainder of tha runs gererally showed just
three targets. . Runs vwere also aade along a track line
parallel to tha target array which yialded similsr results
(Figure D-4). Thus, +«t vas conclulad in the field that the
target returns wvere most likely a product of the con*ribu-
tions of acoustic reflections from both the glass srheres
and their anchors. It wvas dacided that further laboratory
tests were neaeded to determine tha 2ffect of +he weights,
and possibly the syuwthetic mooring 1line, on the target
strength.
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The original research concapt was t0 use the Klain
systes initially for the <tests over the sand and rock
bottoms, and if time and other considerations allowed, the

h

3 EGEG system would then be usad. Therefore, all of the
§§ targets vere recovered and a search wvas conductad with the
ﬁ . Klein system for a suitable rocky-hottom test site. It vas
i concluded that the apparently-flat shale bottom area origi-
W nally encountered would offer the best chances for target |
;i detection. The scnogram presentation had a relatively-
® consistent dark Adisplay, in contrast to a jagged, inconsis-
! tent display froa large rocks founi in other areas (Figurss
ﬁ D-5 and D-6). Consequently, a hyirographic survey was run
gé at this test site as was done praviously to locate the
b suitable target deployment region.

E Bottomn samnples were again attempted with <the large
g. bottoa saasplsr, producing a piesa of 2 certain type of
E? ) shale. It was later classified as Miocene shale, or chert,
. of the Mcnterey Formation.

o The targets were than deplcyed as before and
ﬁ ) controlled passes conducied, again on runs both perpendic-
ﬁ nlar and parallel to *the array using the 75- and 100-a range
i scales. This *est significantly resulted in no apparent
g target detection.

5 Subsejuently, the EGEG system was employed in this

] area vith similar results, but with ¢the exception of
possible indications of “arget detacztion, although target
returns vere not sufficiently strong for conclusive verifi-

@ cation (Figqure D-7). It wvas obsacrvad that the relatively-
W flat, vTock bottom produced npany returns similar in
g appearance to the presentatic ©Of tha targets theamselves as

they appeared on the sand bottom, namaly small, dark dots.
Most significantly, it was founl that distiecgquishing the
) targets from this overall display proved impossible under
i the given backscatter conditions of a2 flat, rocky bottonm.
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The targets were once again rscovered and deployed
in the previously-used sand bottom test site. Runs 166-202
vere ccnducted in this area using thes EGEG system, producing
favorable results (Pigure D-8). Parpendicular and parallel
runs to the target array with ¢two of <the glass sphezes
reaoved wvere also wsade at the coactlusion of the nmaximua
detection raage data acguisition period to observe the
target return contribution effacts using this system
(Figures D-9 and D-10).

With the dinvestication cuapleted in sand and shale
areas after 203 controlled passes, the targets were recov-
ered and a search vas nmade for mud that was thought to exist
in certain areas. The ¢losest area showing this indication
on the chart and survey sheets was Jjust off the shore of
Moss Landing at the origin of the grsat NMonterasy Canyon, 14
miles north of Monterey Harbor in the central portion of
Monterey Bay (Figure 4.1).

A hydrographic survey was run tc locats a suitable
test site, eaploying only station NORTH STAR for relative
positioning control. Reception >f station BEACH LAB was
interrupted with the loss of line of sight %5 the station
from this location.

A mud bottom sample was finally obtained with the
18-in clamshsll device after several attempts along the
periphery of the steep valls of tha canyorn. This location
vas suitably flat, in approximataly 30 a of water. The
sanple consisted of fine, silty mud overlaying a tracs of
fine-grain sand. The ¢targets wars again deployed a= 30-nm
depths with approximately 10-m spacing as determined from
NORTH STAR ranges.

A total of 14 passes wers nade perpendicular and
parallel to the array. It was significantly observed that
the target ra3turns wvere generally only half as strong as
those recorded over ¢the sand bottom and did not presen+
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Teadily-identifiable returns in all cases (Figures D0-11 and
D-12). Two targets were recovered and deployed again with
the glass spheres removed to note the resulting effect.
Usually only the targets with +the 3glass spheres remaining
exhibited a signal return indication, with the faint indica-
tion of a fourth target bsing not23 in some cases, It was
concluded that the anchor veights sank so desply into the
mud that they nc longer provided a significant acoustic
reflection. Ir addition, +the noticeably more extreme sea
conditions encountered in this exposed portion of the Bay
appeared to have a possibla negativa =2ffect on the detection
capability of the tow fish due <+to imparted vessel action on
izs in-flight attitude and the morz apparent surface back-
scattering effects noted on the sonogranm. This apparently
altered cr lovered target strength forced the conclusion
that a fair and similar test of the system's maximum range
of target detection could not be conducted in this area.
The field w>rk portion of <the research was <therefore
concluded.

D. OBSERVED NOXSE INTERFERENCE

At the start of the operations utilizing the Klein
system, there appeared to> be an ever-present, easily-
distinguishable noise pattern in the sonogranm. Several

attempts were rade to secure a good ground for the system at
numerous contict points thougnout the vessel and overboard
in the water as wvell. VNon3: of thes2 measures corrected this

g
]

’{,
ri
Ls

pattern of fine, zigzag lines throughout the display, which

STV E

were most prominent at the extreme limits of the range scale
in use, the chief area of interest for this reseac-ch (Figure
D-13) .

g
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Finally, after Run 65, it was discovered *tha+¢ vibrations
from the vessel's engine <through the engine cover deck
boards on which the cable had been <c¢oiled during towing
operations, wers being imparced into the tow cable, which in
turn were displayed on the sonogranm. This problem was
partially solved by subsequently coiling <+the cable on cush- %

] ~ioning laid out 5n deck to buffer the vibration ‘ransmis- i
sion. The EG&G systenm, however, never appear=ed to be }
affected by this interference.
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V. BESULIS

A. POST-PROCESSING

1. Data processing

The side scan sonar field data consisted of numerous
rolls of 1labaled recording paper. The first step in %he
processing phase was to find the portions of the continuous
record corresponding to target passes and cut the sonogranm
into a collection of individual test runs. Careful labeling
of the scncgram during the run sufficiently 2ided in this
task; on every pass the sonogram was marked with the precal-
culated ranges from station BEACH LAB vhenever possible to
note the start and conclusion of each tes+t run.

Since these sonograas had been recorded on
chemically-<reated "wet" paper, which is Fkzown to fade and
bleed with +ime, it was imperative that the scanning of
these¢ records be pecformed as socon as possible following the
field work. This routine was necessary *c verify the target
detaection range values determined in ths field and check
their accuracy with careful measurements. Each run was
anulyzed, noting the particular range arc steered by the tow
vessel, the direction of the vassel relative to the shore,
the appropriate side or recorder channel on which <the
targets vere observed, <ha measured hasignt of the tow fish
above the bottom, and the number 5f targets observed along
with <+heir respective minimum and wmaximum slant ranges
(Appendix Q).

some of the records corrasponding to a specific
paper roll had in fact faied and bled enough to complicate
the scanning and measuring procedurs. In th2se cases, the
slant ranges and number of detectad targets determined at
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the time it was rur in +the field were relied on quite
keavily. This alternative method was deemed accentable and
sufficiently reliable based on comparison with the aany
other accurata field judgments that were verified in the
record-scanning procedure. Scanning for the desired infor-
mation on some of the Klein sonograans vwas made more 4iffi-
cult by the inAduced tow-cable noise praviously mentioned. A
substantial difference was noticed in ease of visual scan-
ning betveen sonngrams because of racording inegualities and
varying anounfs of vis¢ble noise.

2. BWategg :m:;m:a u_ miaitz

The salinities of the sea water samples collected
vere determined in the laboratory = using & Plessey
Environmental Systams Salinometer, Model 6230N. - Salinity
values vanged froa 31.675ppt t> 31.89%4ppt, aécriging.if
31.321ppt. Salinity . Reasuremerts were repeated ugiﬁq an
Autosal Model 6400. Similar results vere obtained with the
s.linities ranging from 31.672ppt t> 31.890ppt, £q:' a
31.818ppt average. :

Water temperature and salinity data had been
acquired bi-wesekly at a station very close t» thes test sites
tor many yeecs as part of the Hopkins Marine Station's
hydrobiological survey for the California Cooperative
Ocesanic Pishsries Investigations (CALCOFI). One of the
CALCOPFL stations was located approximately 1.0 amile and 1.5
miles respectively from the rock and sand bottom test sites
(Figure 4.2). Water <temperature and salinity had Dbesen
determined +¢5 a water depth of 32 n. The most recent
CALCOFY data acquired at this station was examined using the
values from the period 1970 to 1975, sorresponding to the
same time of year as this research. All of these salinities
wer2 between 33.5ppt and 34 .0pwt.
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There is no apparent explanation for the differznce
betwsen the CALCOFI data and the prasent measursaaments. Rain
had been encountered only once throughout the field period,
and had not been sxcessive. There also was no obvious fresh
vater rurn~-off source in the form of a river or stream in
this general working arsa.

In an effort to accurately rspresant the test sites,
the neasured average surface *+emperature of 13.159C for the
tvo working areas was ratained. since +he historical

‘surface salinity values ranged £from 33.586ppt to 33.889%ppt,

vhich wvere much higher than <the values obtained in this
research, it was decided to use the historical values over
the entire water cclumn. Estimating a salinity profile
based on the field surface valua and the historical data
values would not be realistic. Tha2 sound speed calcula*tion
vas necessary only for the water column below the fish.
Thorefore, an error in naar-surfasa salinity values would
not effect true target range determinations. By developing
average water-temparature and salinity profiles from <*he
CALCOPI data and applying +he average surface temperaturs
obsarved in the fiald, suitable modals were obtained (Pigure
5.1) to coapute the average speed of sound propagation for
the test sites. A sensitivity analysis was also perforaed
tc determine the effects on the cilculation of sound speed
due to errors introduced by faulty watar temperature and
salinity wvalues. An error in tempsrature and salinity of
2°C and 2ppt 1respectively, causas a deviation from <¢he
average scund speed of £10 m/sec. This result translates to
an error in the slant range of +2 m at “he maximum range of
300 a. It should be noted that tamperature has a much more
pronounced effect than doas salinity.

The s>und speed at mid d2pth was calculated to be
1491 m/sec. This valus may be ussd o compute the true
target ranges from the observed target slant ranges
detaermined by the side scan sonar systams.
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Pigure 5.1 Salinity and Temperature Profiles.

. B. STATISTICS

The results of test runs sarved as +the basis for
coapiling statistics relative to systaa perforaance. Each
range scale used vas divided into appropriate intervals.
Prom the total number of passes attempted and the nuamber of
successful *target detections for 2ach range interval, the
probability 5f Jdetaction, P(D), aad a 95X confidence
interval for detection based on taa binomial distribution
ware coamavuted {(Tables IT and III).

Statistics were compilaed only for the rurs over sand.
The targets were never detected on tha shale bottom and né
data were acjuired over the mud bottom due t> the unknown

target strength.
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TABLE II |
Statistics for Klein System Over Sand Bottom {

75-84 SCALE
DETECTION CONPIDENCE INTERVAL
BRANGE (M) RUNS SOUCCESSES P (D) 95% LOWER/UPPER
75 22 22 1.02 0.85/1.00

100-4 SCALE

DETECTION CONFIDENCE INTERVAL
RANGE (M) RUNS SUCCESSES P (D) 95% LOWER/UPPER
100 19 19 1.00 0.82/1.00

150-4 SCALE, N) TOW-CABLE NOISE

DETECTION ‘ CONFIDENCE INTERVAL
RANGE (M4) RUNS SUCCESSES P (D) 95% LOWER/UPPER

150 19 19 1.0 0.82/1.00

150-M SCALE, WITH TOW~CABLE NOISE
gT%ON CONFIDENCE INTERVAL

N) RUNS SUCCESSES P (D) 95%  LOWER/TPPER
39 1 1 1.90 0.02/1.00
a9 3 3 1.00 0.29/1.00
53 5 g 1.33 3.ug;;.og
99 23 25 8239 0:;2/0:88
8% 23 19 0.83 0.6170.95
99 4% 34 0.77 0.6270.89
109 2 17 0.77 0.5570.92
119 2 13 0.57 0.3370.77
y 200~M SCALE
e DETECTION cogrrnnucn INTERV AL
= RANGE (R) RUNS SUCCESSES B(D 95K _ LOWER/UPPER
o 69 16 12 0.75 0.48/0.93
3 79 17 11 0.65 0. 3870.86
ii 89 17 13 0.76 0.5070-93
nea 99 19 10 0.53 G.2970.76
o 109 9 5 0.56 0.21/0.86
:'-.:‘ 119 5 1 0020 0001/0.72
- 4 129 § 2 0.50 0.0770.93
N
N
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TABLE III
Statistics for BG6G System dver Sand Bottom

152-M SCALE (52)-FT)

DETECTION CONFIDENCE INTERVAL
RANGE (M) ROUNS SUCCESSES P (D) 95%  LOWER/UPPER
152 17 17 1.00 0.80/1.00

305-M SCALE (1000-FT)

DETECTION CONFIDENCE INTERVAL
RANGE (M) RONS SUCCESSES P2(D) 95% LOWER/UPPER
TR Bt R 7 I
59 13 6 d.a5 8219/0375

For the Klein side scan sonar sver a sard bottom, the
targets were dutected out to the maximumr range possible 100%
of tha tiae for the 75~m and 100-m scales. When the noise
was eliminacad by raising the <c¢oiled cabla off the beat
deck, the targats were detected 100X of the time ou*t to
150 a on the 150-a scale. Oon the 200-a scale detaction was
greatly rednrcad even at tha nearer ranges.

Oon *he 500-£f+ (152-m) scale ovar a sand hottom, the EGEG
syvstem worked well, detecting the targets at maxiaum range
100% of the *ime. The system was 1lso tasted at the 1000-ft
(305-m) scale. Success i1 detecting the targets at 228 m
was achieved 86X of the time with tha array being detected
out *o 252 a 46X of the time. Th2 EG6G could not be tested
at the 1000-ft scale under optimum towing conditions; due to
the depth of water ia the wvorking area (102 Zft), the
suggested towing height above the bottom of 103 to 20% of
the scals (100 to 200 £ft) «could aot be adhered to without
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toving at the surface. While the entire potential cf the
£8GSG on the 1000-ft scale could ndot be fuliy examined, the
target detection range resalts vers most interesting.

C. SUBSEQUGENT LABORATORY TARGET STRENGTH MEASUREMENTS

Since the fiald tests suggested that the target s+<rength
of the artificial <targsts was 2at least partially froa
reflectors other than the glass sphares, further laboratory
tests vere felt necessary. As described in Chapter 3,
Section 1, ¢tank tests vers again parformed. A more sensi-~
tive receiving hydrophous, Celesco Model LC-10, was used at
this tiame. 3

The target s*rength was deterainad for the glass sphere
and its ancher system, and for these coaponents separately.
(The individual <cceponsnts wvera suspended £from thin
stainless sieel vire.) '

Complete Target (Pigure 3.1) -24 AaB
16-ca diameter glass spharss -33 4B
3/8-in polypropylene 1line -33 4B
55-1b iron weight ——mee-

The target strength of the anchor weight was too low to be
measured above the ncise fiom surface and side reflections
of the tank. Both types of anchor veights vere tested
yielding the same negligible contribution. The line used in
the tests simulated the amount of 1line found between the
anckor and sphere, including knots, and the line and knot in
thae vicinity of the weight leading %5 the surface buoy.
Readings of the target strengths weres nct preciss due to
the interference from side and surface reflections of the
tank. Values for ths complete *aryet varied from -21 3B to
as lowv as -33 dB. The mos® consistant reading was -24 dB.
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Calculations vere made to deterunine the size of an air
bubble in water ¢that is in resonance at 100 kHz ([Urick,
1975).

a = 326 414(0.031:

£

vhere a = bubble radius (cm) é
f = frequency (HzZ)
d = depth (ft)

At the systen frequency of 100 kHz and a depth of 31 a
(102 £¢), <ho diameter of a bubbls in resonance is 0.07 aa.
This calculation supported <*he discovery that 3/8-in

(9« 5~nmn) polypropylene line actad as a creflector. A
gynthetic line of this diameter could contain this size
bubbles.

These <findings supported <+he rasults obtained over a
sand bottom comparing runs vith and without <the glass
fishnet floats attached to the waights. When the glass
spheres vere removed, 0.7 m of 3/78-in polypropylens line
vith two knots was also removed. Sukbseguent passes by the
targets showved a corresponding dacrease in signal retunr.
This drop in target strength was 3iua to both the removal of
line and the jlass sphere. The resaining line knotted above
the weight was sufficient to allow i=2tsction at 7S5, 100, and
150 a.

Over a mud bottom, rsturas from coaplete targe%s wers
generally only half as strong as caturns obtained over sand.
With the glass spheres and adjoining 1liae renoved, the
targets were rarasly indentifiable. Tha original theory that
the weights wvere sinking into the very soft aud bottom is
supported by the results of the tank test. Two large knots
attaching the surface buoy and glass spanere to the weight

. vere located immediately above the weight. It vas assumed
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that when the veight sank into the aud, the two knots wvere
also submerged, resultiag in a reduced target strength.

Comparisons o°f measured target strength of the glass
sphere to thsoretical expectations vare made. The “arget
strength of a3 perfectly-reflacting, rigid sphere can be
approximated by [Urick, 19757]:

TS = 10 log a?
4

vhere a = radius in aeters

Por the 16-cm spheres used in this invastigation, the
theoretical target strength is -28 1iB. This value coamparss
favorably with the measurad target strangth of -33 dB. The
spheres used in this test wvere nct perfaectly reflecting due
to surface irregularitiss and heacs, a lesser target
strength vas expected.

" Da COHPARISOS OF PIRLD RESULTS WITH SONAR EQUATION

Before a comparison could be mada between the calculated
targeat strengths from the sonar ajuation and the nmaximunm
range capabilities of the xlein and EGEG systams, given a
target of ~24 4B target strength, ths sonar agquation results
nust be examined.

1. Sopap Eguatiop Resuylis

The 3ffect of ssa-surfaca reverbsration on the
maximum target strength réquired to det9ct a target at a
given range is very apparen*t. (Ss2 Figura2s 3.10 through
3.13) At the lover tow heights of 10, 15, and 16 m, the
sarface backscatter is not a factor whken the slantc range to
*he bottca~-moun+ed target is less than the depth of <the
fish. There is an cbvious increase of approximately 18 4B
in the required target strengti wh2n surface resverbaration
interferaes with the acho.
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As the grazing angle decreasaes with iacreasing range
fron the <tov fish, the surface- and bottom-backscattering
intarference decrsases as 1oes the return signal; therefore,
thea rise in required target strength with range is due2 ornly
to the Adistance the pulse must traval. This rise over a
300-a range is approximately 11 3B ovar sand and 18 4B over
solid rock.

Theory supports the "white yap" found on EG&G sono-
graas. This gap is shown as a peak on the E56G reverbera-
tion figures >f sonar equation results in Chapter 3. The
peak occurs at a range corrasponding to the angle off the
acoustic beam whers the side lobhes interfere with the main
lobe (Pigure 3.7).

Comparing the Klein and EG53 side scan sonar systeamss
at a <coamon tow height shows similar target s+trength
requirenents axcept for the "whits gap® peaks of the EGEG
systea. Pros theory, given the sams environmental condi-
tions and same detection thresholids, the two systeas shoull
detect <the sane targets. Hovevar, since the detection
threshold of the Kl2in system is higher than the EGEG systeaz
due to the vider bandwidth of +ha Klain, the EGEG shkoull
detact targets out to a greater range and targets of a lowver
target strength.

2. Compacjisons

It was difficult to compar2 field rasults to the
sonar <equation since there were <conflicting values for
dataction thrashold of each system. If the suggested DTs of
55 dB and 65 dB wvere used, the aminimua target trength
required for ietection would be unrs3alistically high.

The target strength of the targets deployed was
measured at approximately -24 dB. Comparing these values to
+he curves in Piqures 3.10 and 3.11" and the measured rTanges
(Tables II and III) allows the 3dstection threshold to be
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estinated as =14 4B for the BEGSG systea and -8 4B for the
Klein systen, The diffsrence betvaen these values is not
inconsistent with <the 10-dB difference betwes«n System DTS
calculated using squation 3.16.

The azcuracy ¢f these results depends %n <the accu-
racy of the sea-surface and sea-flsor backscatter coeffi-
cients. The coefficients for the sand and solid-rock bottom
types vere taken from a study for a 60-kHz system. They are
known to be affected by s5and waves (roughness of the bottom)
and grain size which casts some ddubt on the validity of
this study's £flat bottom assuaption. The divers investi-
gating +the sand bottom found evildance of sand ripples.
McKinney (1964) allows a spread of $5 4B for the values over
sand. The tabulated coefficients for solid rock vary by =4
dB. Calculations of sea-surface ravarberation coefficients
at 5 knots are based on a samall saaplc size with an average
difference of 3 4B from the curve [Urick, 1956].
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VI. GONCLUSIONS

- Side scan sonar detection of bo>tom-moun+ed targe*s in
shallov water at 100-kAz frequency is siganificantly affected
bﬁlth. bottoa type at the target location. A 16-ca glass

! sphere and adjoining 3/8-in polypropylens u%9ring 1line
having a combined target strength of =24 4B was readily
detected on a sand bottom, vhile 1a shale bottom masked all
returns, thereby eliminating targst datection. Due to the
type of <target used in this investigation, 2a @mud bottom
could not be avaluated.

The maximum range of detaction of this target over a
sand bottom with a Klein side scan sonar system vas 150 a.
This measure was achieved on the 150-a range scale when
there was no visible tov-cable noisa and during cala=-wveather
conditions. The targe+s veres det3stad 100X of +he tims.
The maximum rarge of detacticn was less on <+he 200-m range

. scale which has a reduced pulse repatition rate.

] Por the FGEG systen the maximum range of detection was

152 m on +the 152-a (500-£ft) scale 100% of the <time.

Hovever, the overall amaximum rangs of detaction for this

sonar vas 259 n sn the 305-m (1000-ft) range scale with
detections made 46X of tha tinme. The systsm 2lso detected

(AT L e = e

TR 2T N N,

-

targets at a rangs of 228 m 86% of the timse.

Comparing the 100-kdz bandwidth of the Klein system *o
+he EGSG system 10~kH2 bandwidth, it is expected that the
EGSG system should detec- a givan target at a greater range
than the Klein systenm. The datection threshold is higher
for the Klein due to its wider bar -idth.

Taking into consideration the variables associated with
‘ these side scan sonars and such circumstances as degree of
| operator expertise, sea sonditions, and composition of the
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bottom, coaparisons can be drawn between the two systeams in
this particular application. Howaver, this is only a rela-
tive gauge of system performance undsr the specific oper-
ating conditions encountered. Statistical results for
yaneral conditicns were not obtainsi.

During the performance of this research it was abun-
dantly demonstrated that the efficisncy of side scan sonars
depends greatly on operator nrofiency. Proper system tuning
for the given environaental conditisans and accurate sonograa
interpretation are of paramount importance.

Research 2n the effects of bottom backscatter on side
scan sonar shculd be extended to other bottom types. A
suggestion would be to construct a target array in the forn
of a recognizable configuratior that could be distinguished
orn the sonogram amidst the bottom Lackscatter. To allow
equitable use on various bottoas, the reflections from the
mooring line should be eliminated by use of a non-reflecting
line. A larger glass sphere could be used to counteract the
loss in targat strength iue +o a1 non-reflecting mooring
line.

Given +the envircamental conditions and the operating
variables of a side scan sonar syst2m, it is possible to use
the so ar equmation to estimate <th2 minimum allowable target
strength of a target to be detected at a given range. This
nethad can only be used as a guils because of <+he vari-
ability of the geophysical conditiosns and operator-dependent
detection thrashold. However, r=2lative comparisons can be
made between 3ifferent bottom typss, <curface interference,
and towing heights.

Detection threshclds were estizatad by comparing field
results to theoretical ranges calculated from the sonar
equation using reasonrable sea floor and sea surface
backscatter coefficients. The detection thresholds were
estimated as -14 3B for the EGEG s3system and -8 4B <for the
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Klein system. These values were consistent with the lack of
target detection results over the shale bottoa.

Purther research ca target detacstion in the presence of
bottom backscatter should provide a relative measure for
spacing survey 1lines when using side scan sonar in search
patterns fo- locating obstructions over diffarent bottom
types. Thes2 line spacing criteria would also apply when
side scan somar systeas are used to complement conventional
echo sounders in shallow water hydrographic surveying.
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AREEEDIX A
SYSTENMS SPECIFICATIONS

1. BELEIN Side Scap Sonar Svstaa

TOW PISH, MODEL 4025-001A
pPhvsicsl
Dimensions: Body: Length 106.7 ca (42")
Diamstar 8.9 cm (3.5")
Tail: Diamet2r 30.5 cm (12%)
Weight: 20.2 kg (44.5 1lbs)in air
13.6 kg (30 1lbs) ip water

FIWSETVE

e g

Elegtrical

v Operating Prequency: 100 kHz

é ' Pulse Length: 0.1 millisacond

E ‘ Peak Output: 228 4B, ref. 1 pPa at 1 mezecx
Sechanjcal

Horizontal Beamwidth: 19
Vertical Beamwidth: 40° tiltad down 109 from

! horizontal
Depth Rating: 0 to 670 n (2200 £¢%)
Normal Tow Speed: 0 to 16 knots

|

‘ TOW CABLE

' ‘ Type: 2 channel lightweight

: Breaking Strength: 2800 kg (6160 1lbs)

: Length: 200 a (6556 f*)

| Nom. Diameter: 1.07 cm (0.42%)

! Strain Nember: Kevlar

| Jacket: polyurethane

84
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RECORDER, MODEL 421
Bhysicai

Dimensions:

Waights

Blectrical
Input Voltage:

DC Input Carrent:
Range Scales:

Pulse Rate:

Scale Lines:

Heghanical

Printout Paper:
Paper Width/Length:

Channel Wwidth:
Recording Color:
Paper PFeed Speads:

Y

W, Lo iANM e
VORI

R AP I S

v

e cERLE
'n
"
‘.

Length: 84.4 ca (33.25")

Width: 59.7 cm (23.5")

Depth: 25.4 cm [10%)

43.5 kg (96 1bs) without AC supply
51.7 kg (114 1bs) wich AC supply

DC 23-30 volts (pro*acted from
reversa voltage or overvoltage)
AC (vith optional Model 401-010
AC supply) 105-125 volts or
210-230 volts, 47-63 Hz

2-5 amperes (3 amperes average)
25, 37.5, 50, 75, 100, 150, 200,
300, 400, and 600 meters
accerding to range scale:

75 meter scale- 10 pulses/sec
avery 15 meters (adjustable froa
2 to 25 maters)

Alden Alfax Type A (wet)

28 ca (11") wide

37 n (120 £t) long

T2.7 ca (5") each channel

sepia (standard), black (optional)
20, 30, 40, 50, 60, 70, 90, 100,
110, 120 lines/cm and continuously
variable
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Rhysical

Dimensions:

Woight:

Elestrical
Operating Prequency:
Pulse Length:
Peak Output:
saf-2-Link
Shear Pin:

Steel Recovery Cable:

Mechanical
Eorizontal Beamvwidth:

Vertical Beamwidth:

Depth Rating:
Normal Tow Speed:

X TOW CABLE

= Type:

E Breaking Strength:
o Length:

: Diameter:

E ’ Jacket:

,‘?iﬁl.ﬂ'.‘.?f‘.’ii R S N A P A AT R A R R S A D TR S A 0= B S L A A B S S ARt S I S Tt "Rt StaCILAu e e S It Soe

2. [JCgG side Scan Sonai Systed
TOW PISH, MODEL 272 SAFP-T-LINK

Body: Leagth 138.2 cm (54.43%)
Diamstar 11.3 ca (4.5")
Pins: Length 17.9 c¢cm (7T")
Wiith 61 cm (2u%) overall
24 kg (53 lbs) in air
16 kg (35 1bs) in wvater

105 £ 10 kHzZ
0.1 millisecond
228 4B, raf. 1 pPa at 1 meter

182 kg (43) 1lbs)

breaking strength
2273 kg (5000 1bs)
breaking strength

909 and 270° relative
d8 down)

wide, tilted down
from the horizontal

19 vide at
bearing (3
209 or 500
109 or 200
(3 4B down)
0 to 600 a (2000 f£t)
0 to 15 knots

Z channel shallow tow
491 kg (900 1bs)

SO m (164 £+)

T.2 cm (Q.47n)
plastic
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RECORDER, MODEL-1/2/3 (modi fied)

Rhraical

Disensions:

Weight:

Elscizical
Input Yoltage:

DC Input Curremt:
Range Scales:
Pulse Rate:

Range Resolution:
Scale Lines:

Mechanical
- Printout Paper:

Paper Width/Length:

Channel Wiith:
Recording Color:
Paper Feed Speeds:

_______

Length: 83.8 cm (33"
Width: 44.5 ca (17.5%)
Depth: 27.9 ca (11%)
38.2 kg (3% 1lbs)

DC 24-30 volts (protacted against
reversed polarity input)

AC (Hodel 283 Power Converter)
115 or 220 volts, 47-63 Hz

4 -8 amperes average (depending on
range scale in use)

250 ft (76.2 m), S00 ft (152.4 w),
1000 £+ (304.9 n)

according to range scale:

250 £t scale- 10 pulses/sec

1/250 of full scale

avery 50 £t (15.2 a); adjustable

Alden Alfax Type A (vet)
28 cn (11") wide

37 & (120 £¢t) long

12.7 cm (5%") each channel
sepia

40, 60, 80, lines/cna

(100, 150, 200 lines/inch)
changed internally with
recorder iismantled
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ARRENRIX B
SIDE SCAN SOWAR OPBRATION BXPERTISE

i
i
]
i
i
|
|

The expert gquidance in the fiald was provided by STS-1
(SS) Dean Barkbigler, OSsN. Patty Officer Pirst Class
Berkbigler accompanied the Submarine Davelopment Grouap 13
Unmanned Vehicles Datachment's Klein side scan sonar equip-
ment froa their base in San Diego, CA. This sonar techni-
cian had seven years of submarine service and had served at
this particular command for two years, benefitting froam amore
than six months sea axperienca 1in search operations
utilizing the Xlein system. The ramaining duty was devotsd
to. operation of <the facility's Surface Towed Search System
(STSS), a aore sophisticated side-looking sonar/camera
vehicle, as wall as repair and preventive maintenance of the
tvo systeas.
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ARRBEDIX <
PIELD RESULTS - TEST RUNS

1. EKledn Systea 9Qver Sand

KIEI® -~ 75-m3 Scale, Over Sand
Tow-Cable Roise Present
(all values in aseters)
20 april 1983
3 3

iy E

Seas: 1 t
Sweli: 1-5 £e
: PISH POTENTIAL PFOR MAXINUN
RUN AEIGEr DETECTION DETECTION
4 56 56
5 g 57 57
g 1 56 56
A i £
3 | 3 23
10 12 65 65
11 y 60 50
12 1 62 62
Y : 24
] Q
I : :
N 17 9 62 62

\

\ ,

Ruas 1-3 were made with only 2 targets
adjusting the systea tuning.

W

§

deployed

.......
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KLBI¥ - 100-m Scale Ova: Sand
'-c‘bin Noise Present

2ll values metars)
April 198
fveikia spaed: 2.5 xta |
Find: 0 10-13 Rt o * |
Seas: 1 ft i
Svell: 2-3 £t
FISH POTENTIAL FOR HAXINUM
RUN HEIGHT DETECTION DETECTION
18 8 93
t;g 11 9 17 !
0 11 9 90 !
*21 16 91 91
2 i1 19
'inagr %i th
Seas: t
Svell: 3 £t
%% 12 88 88
12 93 93
Zg 11 96 96
2 11 98 98
%9 12 98 98
1 99 99
%8 12 97 97
9 11 97 97
30 11 97 97
31 12 96 96
g% 12 98 98
11 97 97
34 13 100 100
* - These rugs vere noI included in the statistics. gth
T ns vere aads Cua n ha seas result ng i3 excess

novement. rgo:efora. the vare not compared to runs
vhon i paovement vas at a miniaua. Ruas 18 and 20 were
made in fclloving seas.
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a 07-11 c not processed duo to fadin aper makin
d.ntl!icnt on lpOla E 3 PP I
KLEIX -~ Target Test Over Sand

Io‘ﬁéilsizﬁi 2.6 kts

SC&S. Ri gg L

Swel
100-a Scale |
aux 2§§§§3 - TiERdoT  oRbEeRidy |
- m 3 . 32 32 Rans 113 = 116
: have all five
- 75~-a Scale spheres intact
moo% 89
75-a Scale
‘ IIRGBT RB‘I.‘URII
Eié ¥§ : S ogunigy strong ié
LR R A B S A
132 lg' 3 8tronde < wea a3 have sg eres
remaoved fro
kq 100-n Scals targets
3 B jinERt e
o 125 1 otnc ed 67
= 126 10 B detected 79
i Parallel Runs - 100~-a Scale
T4
: BN e
i 1 1 strong 2 vaak
Es 130 15 3 strong. 1 veak

.93
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2. Kleln Srstem Qver Shale

KLBIX - 75-a Scale Over Shale
(all values in nmetars)

¥ 27 April 1983
; lnrx ¢ Speed: 2.8.1: s
: ‘!{n.ﬁe e iggtuoiqht. 5.8 [}
¢ Seas:
i sSweli:
we oRHE RERREGC NN
13 18 & :
: 133 .9 65 -
i Parallel Runs = 75-m chlc
W% ¥ .
‘ Perpendicular Runs - 7S5-a Scale
l 3% - 18 & :
\ tg 11 65 -
S 1 1 6 -
14 1§ 6 -
H ¢ :
1a§ 18 65 -
100-a Scale
1is 13 3 -
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.94

.........




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

3. [EGEG 3yatem QOver Shale .

B36G -~ 250-ft Scale Over Shale
(all values in feet)

v:: 3: 5'32 (2;8 %88 ‘
S‘ : 3 t:ting 9 5 20 kts :
R R 53 1 f

. Swe |

2un ef.ies L LY T

1 50 50 - |

A - : |

1 -

! e z

1 P 7 -

% : - SR

] 3 7 "

| 38 75 -

1 9 1 -

. -

153 7 -

Parallel Runs
§ g i 5
s 3 . -
S00-ft Scale
w8 % :
3
0
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- 500-ft Scale Over Sand

(all values in feet)

S S S S A R S DR A S A

EGEG systes Qver Sapd

TNTR T TS G RS
4.

PO N R S

Bitlspee

ge Tgv
0 kts
0 ft
1 £+

era
nd

A

(]
]
& pord
[

.
oop-y
n—
g

<= A

29

X

2O

By

T4 | NONDND NN DN O OO D
HO { SOOI TR NONNON
XM.“3“Q““RQRQ“M“5Q“5Q
A ()

=gy

Al

I

o !

oo g

o

=34 .

- | NDMNNOMNN VNS OO O
HO | FNOODANNONONNONNON
BRI amassIaIIIIITNINOS
R |

=0

o |

o

NN ONIININON N0 O SN0 O
OO NN D NIUO N

HEIGHT

FPISH

~ONO ™ NM SN0 DNO ™M

=L
[~ “ AD\O\OADIS 0 0 P~ 0 DO ®
X § TP e e T e et - P IR e

-------

1000-f+ Scale Over Sand
feet)

(ail'values in

ES &G

P
w
-
»

nm

O

o

(1]
- 4
]
N
Al )

e
B
QP “
N3O ¢
= 2O TN

eI o
—~ NOe
00
oo oo
) «F o0 vopf
o« 4 v V)
LT
Ntgtiminym

=\
O
| =T B ]
K | OO000O0O0000 © ©
HU | Ne=ONNEONODONN I M 1M
A | O~OO-DOMD I~ I~
g4 !
=n |

ol
“
(o 2N |
LT} N |

ol
=10
T Erleleleslalololalalelelelale!
HU | NI N NI N CIN
Tvu"81A689268n32589X68
Bk )
HO
o !
-V |
mfd |
nNY | CONMINONDOODODO
== “ OO NN NN
P“ H

]
2 2INOSONO=CIMBINY

=0
B2 “ €0 MWD VDN NANOONH
[ ] U ol od ol ad o ol g e el o

96

'
. a2s e s e e T PR LEPLP A o
ARSI AL AL AN AN L LIPS

LI WS WA WU WS W WD ALY SRR UG TR

“

R Y . “
PN W WA VO WP ST W WA WY Y W R




.......

MR

E36G - Target Test Ovar Sand
500-ft Scale
(211l values in feet)
29 Agril 198
Average Speed: 2.4
Avegage Tow Height:
Wind:~ 5-10 kts
Seas: 0.5 ft

kts :
59.3 ft |

Svwell: ft 1
¥ISH MAXIMUM {
RON AEIGHT TARGET RETURRN DETECTION |
197 55 3 sttong, 1 wveak 500 |
198 75 S equally stron 485 Spheres removed
199 52 4 strong, 1 wear 455 from 2 targets
200 52 3 strong, 2 weak 380
Parallel Rums
201 70 S equally strong
202 52 S equally strong

:
-
3
5
[
o

e S A
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5. Klein System Over NMuyd

KLEBIR i1150i. SCEle O:ar Mud
2 May 1983 (a values in ameters)

Average Speed: estimated 2.5-3.0 kts
Avarage_Tow Height: 13.8 m
Wind: =10 _kts

Seas: Ripples
Swell: 3-gpft
FISH POTENTIAL FOR MAXI MUM
RUK BREIGHE DETECTION DETECTION
1a 15 105 105
1b 12 108 108
208 LK S 133 133
Parallel Buns - 150-a Scale
TARGET RETURR
3a 16 3 stron 60
4a 13 unable to ﬁgsgingnish
Purallel Bans - 75~-a Scale
' L TARGET RETURR
205 W 2 strong, 3 weak 58
%89 1g 1 strong, 4 weak 46
4 strong. 1 weak 67
208 ™" 4 strong, 1 weak 65
Ball Taest -~ 75-m Scale
Q9 detect ed 64
510 }i d:tected 54
211 13 1 detected 68
212 1 2 detected 43
213 1 b 2 detectad 34

98
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Klein Systa2a Over Sand.

ARRENQIX D
SELECTED SONOGRANS

'?igure D-1




Figurs D-2

Target Test wita Klein Systen.
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Figure D-3 Target Test with Klein Systen.
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Figurs D-4 Target Test with Klein 5ystenm.
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Pigurs D~-10 Target Test with EG&G System.

108




Xlein System Over Mud.
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Figure D-12
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ARRENDIX E
CONPUTBR PROGRANS

A. WHNOISE-LINMITED CASR g

EPFPECTIVE RANGE FOR A GIVEN TARGET STRENGTH
FOR PHE NOISE-LINITED CASE
(PORTRAN PROGRAM RUH ON IBM 3033 COMPUTER)

O 000 0

REAL NL
DIMENSION TSNOL (400), RLTS (400) , RANGE (400)

C
C HBEIGHT OP TOWING PFPISR (METERS)
Cc KLEIN WAS TOWED AT 10N, 158, 20M ABOVE BOTTOM
c EGEG WA S TOWED AT 16M, 284 ABOVE BOTTOM
Cc
o CHOOSE TYPE OF FISH
o
C KLEIX
o ITIPE=1
C EGSG
ITYPE=2

a0

ASSIGN TOW HEIGHT
IP(ITYPE.LT.1.5)HTOW=10.0
IP(ITYPE.GT. 1. 5)HTOW=16.0

ASSIGN SALINITIES, TEMPERATURES, DEPTHS, AND
PRESSURES DEPENDING ON TOW FISH HEIGHT

&€ 0 0O 0O 0

IF (HTOW.GT.10.5)G0 TO 5
" D=26. 0

o 112
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T=10.08
S=33.868
P0=2.58
GO TO 10
5 IP {HTOW.GT.15.5) GO TO 6
D=23.5
T=10. 15
$=33.852
P0=2.29
GO TO 10
6 IF (HTOW.GT.16.5) GO TO 7
D=23.0
T=10.21
S=33.857
PO=2.29
GO T0 10
7 IP (HTOW.GT.20.5) GO TO 8
D=21.0
T=%0.41
S=33.839
P0=2.09
GO TG 10
8 D=17.0
T=10.96
$=33.809
PO=1.69
C
C CONSTANTS
10 PI=3.1415926
RAD=1,74533E~2

SIDE SCAN SONAR SPECIPICATIONS

O a0 0 o0

FREQUENCY (KHZ)
IP(ITYPE.GT.1.5) GO TO 11
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Q0000000060200 A0

''''''''''''

KLEIN SYSTENM
PEHZ=100.0
GO T0 12

BEGEG SYSTEM
FXHZ=105.0

HORIZONTAL BEAMWIDTH (DEGREES)
BEAMH=1.0

VERTICAL BEAMWIDTE (DEGREES)
IF(ITYPE.LT.1.5) GO TO 13
EGSG SYSTEM
BEANV=20.0
GO T0 W
XLEIN SYSTEN
EBANV=U0.0

ACOUSTIC OUTPUT (DB REF 1 MICRO PASCAL)
SL=228.0

CHANGE DEGREES TO RADIANS, MILLISECONDS TO SECONDS
BEAMH=BEAMH*RAD
BEAMV=BEANV*RAD

SONAR EQUATION (ACTIVE SONAR)
(KINSLER, 1982: P.411)
2TL = SL ¢ DI ¢+ TS - NL - DT

TL - TRANSMISSION LOSS TL=20 LOG R + A(R-1)
(KINSLER, 1982: P.398)
R - RANGB
A - ATTERUATION (DB/N)
(KINSLER, 1982: P.158)

DETERMINE ATTENOUATION FOR WORKING ARE2
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P=PKHZ*1000.0

P1=1.32 * 1000.0% (T+273.0) «EXP (=1700.0/ (T+273.0))
P2%1.55 * 1,0D7%(T+273.0) *BXP (-3052.0/(T+273.0))
A1=8,95¢1,00-8%(1,0¢2.3%1,0D=2¢T=5, 1%1,0D=-4 * (T*%2))
B=4.88#%1,0D~7# (1,041, 3%1,0D-2¢T)* (1,0-0.9%1.0D-3*P0)
C2=4,76%1.0D- 13%(1.0-4.0%1,0D~2%T+5,9%1.0D-4* (T**2))
C1=C2*(1.0~3.8%1.0D-4 *p0)
A=A1*P1% (PE62) / ((P1%%2) ¢ (P2#2) )
A=A+SEBEP2%(PR%2) /(35 0% (P24+2) + (P*%2)) +C1% (P%*2)

DI - DIRBCTIVITY INDEX DI=10 LOG D
D - DIRECTIVITY FOR A LINE ARRAY (2-D)
(TOCKER, 1977)
DI=10*ALOG 10 (PI*4, 0/ ( BEAME*BEANY) )

0o o 0O 0

DT - DETECTION THRESHOLD
DT=00.0

NL - AMBIENT NOISE LEVEL FPOR 100KHZ SYSTEM
TS THERMAL NOISE
(URICK, 1975)

O 0 O G o

NL=-15+20*ALOG 10 (FKHZ)
RJ - HORIZONTAL RANGE
o R - SLANT RANGE
DO 25 J=1,301
RJ=J~-1
RANGE (J) =RJ
R = ((RI**2+ETOW**2) +%0.5)

(o]

NOISB LIMITED TRANSMISSION LEVEL
5 TL = 20%ALOG10(R) + A= (R-1)

"_ C-—----n--—-“-- YD e = - . W W T D W WA D W W e D W W D e AR

O 0

C CALCULATE TARGET STRENGTH FOR NOISE LIMITED CASE
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TSNOL(J) = 2*TL - SL - DI + NL + DT
C
25 CONTINUE
c
C DISPLAY RANGE AND MININUM TARGET STRENGTH
DO S50 J=1,301
WRITE (6,800) RANGE (J) ,TSNOL (J)
800 FORMAT(1X,F5.0,5X,P15.1)
50 CONTINUE
IF (ITYPE.GT.1.5) GO T0 75

C
C CCM20TE OrHER KLRIN TOW HEIGHTS
C
IP(HTOW.GT.12) GO TO 432
HTOW=15.0
GO TO &
432 IFP (HTOW.GT.17) GO TO 433
HTOW=20.0
GO TO 4

()

C COMPUTE OTHER EG&G TOW HEIGHTS

X c
o 75. IP (HTOW.GT.20) GO TO 433
2 HTOW=28. 0

E:;.

" GO TO 4

. 433  STOP

= END

L R L . Y
et b s

T

o

- 116




A R L L T TR L T T PP R R A AN R AR

B. REVERBERATIOW-LINITED

c
C EPFPECTIVE RANGE FOR A GLVEN TARGET STRENGTE
c POR THE REVERBERATION-LIMITED CASE
C (PORTRAN TROGRAM RUN ON IBM 3033 COMPUTER)
c
REAL*8 AS, AB, R101,R 100,RL100, RL101,
*S1LS,SLB, SUR,S ,HS,HB,RY
DINBNSION RLTS (400),RANGE (400)
c
C HBEIGHT OP TOWING PISH (METERS)
c KLEIN WAS TOWED AT 10N, 15M, 20M ABOVE BOTTOM
c EGSG WA5 TOWED AT 163, 28M ABOVE BOTTON
c
c CHOOSE TYPE OF PISH
c
C KLETN
o ITYPE=1
C EGSG
ITYPE=2
c
c 1SSIGN TOW HEIGHT

IF(ITYPR.LT.1.5)HTON=10.0
IP(ITYPE.GT. 1.5)HTOWN= 15,0

S Y Y
/[’<"'

-

ASSIGN SALINITIES, TEMPERATURES, DEPTHS, AND
PRESSUR-s DEPENDIRG ON TOW FISH HEIGHT
IP (HTOW.GT.10.5)GO TO 5

&g 0 0 a0 0

Yool T

-

4

| D=26.0
o T=10.08
= S=33. 663
E: P0=2.58
iﬁ GO TO 10
Ef?F
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IP(BTOW.GT.15.5) GO TO 6
D=23.5 ~
T=10.15

S=33, 852

PO=2. 29

GO TO 10

IP (BTOW.GT.16.5) GO TO 7
D=23.0

T=10. 21

S=33.857

PO=2. 29

GO TO 10

IF (HTON.GT.20.5) GO TO 8
D=21.0

T=10.41

$=33.839

PO=2.09

GO TO 10

D=17.0

T=10.96

$=33.809

P0=1.69

SPEBD OF SOUND THROUGH WATER(M4/S)
(MACKENZIE, 1981)

C1=1448. 9644 .S91*T-5.30U4%1,0D-2%T**2+2, 374%1,0D-4*T**3
C2=1,3U40* (S-35)+1.630%1.0D-2%D+1,675%1,.0D=~7%D**2
C3==1,025% 1. AC-2%T*(S=35)~-T7.139%1.,0D= 13 %T*D**3
C=C1+C2¢C3

CONSTANTS
PI=3, 1415926
RAD=1,74533E-2

SIDE SCAN SONAR SPECIPICATIONS
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o PREQUEBNCY (KHZ)
IF(ITYPE.GT.1.5) GO TO 11

c KLEIN SYSTEM
FKHZ=100.0 |
GO TO 12 |
c EGEG SYSTEM
1 PKHZ=105.0

C HORIZOKTAL BEANWIDTH (DEGREES)
12 BEANH=1,0

o VERTICAL BEAMWIDTH (DEGREES)
IP(ITYPE.LT.1.5) GO Iro 19
C BG&G STSTEM
BEANV=20.0
GO TO 18
C KLBIN SYSTEH
19 BEANV=40.0

c

o PULSE LENGTH (MILLISBCONDS)

18 PULSE=0.1

o

o DEGREES DOWN PFPRONM THE HORIZONTAL (INCLINATION)
DEGINC=10.0

c

c ACOUSTIZ OUTPUT (DB REF 1 MICRO PASCAL)
SL=228.0

0

C CHANGE DEGREES TO RADIANS, NILLISECONDS TO SECONDS
PULSE=PULSE*1.0E-3

BEAMH=BEANH*RAD

BEANV=BEANMV*RAD

L - VIOODONDE  § 05
's]

-
-
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Covmrcnaavsrrcccccrsccssaccrvnns cccsnmacwaccann- ceocme - ceocaccces
C  ---- REVERBERATION LINITED----

c (KINSLER, 1982: P.422)

(e e ccccc e e ces e e nane e cec e e nn e e m S e . ———- - —————
C RL = SL ~ 2TL ¢ TS(R)

c TS 2 TS(R) ¢DT

c

c DT - DETECTION THRESHOLD

DT=00.0
TS (R) =S+10L0G R +10LOG (BEAMH®C*PULSE/2)
(KINSLER, 1982: P.425)
S - SCATTERING STRENGTH FOR SAND
DEP ENDING ON GRAZING ANGLE
50 - GRAZING ANGLE (COMPUTED PROM
TOWING HEIGHT AND RANGE)

PIND TARGEr STRENGTHS POR GIVEN RANGES
BJ - EORIZONTAL RANGE
R - SLANT RANGE
ICOUNT=0
DO 25 J=1,301

O 000 0000~0~0

N o0

COMPUTE "WHITE GAP® TARGET STRENGTH POR EGEG

IP (ETON.GT.18.0) GO TO 13
IF (J.NE.26) GO TO 15
RJI=16.0/TAN(33.08085%RAD)
GO TO 9

13 IP (J.NE.44) GO TO 15
RJ=28.0/TAN(33.08085%RAD)

9 KK=20
GO TO W

15 RJ=J-1
KK=0

AL} B = ((RI**2+HTOW**2) **0.5)
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o REVERBERATION LINITED

c DETERMINE GRAZING ANGLE
GA = ARSIN (HTOW/R)
c USING GAAPH PIND BOTTOM BACKSCATTERING STRELCTH
c FROM PIGURE 3.4 (MCKINNEY, 1964: P.161)
GA=GA/BAD '

IF(GA.LT.2.0) GO TO 666
I. (GA.GP.60.0) GO TO 25
ICOUNTSICQOUNT+ 1

RANGE (ICOUNT) =RJ

BACKSCATTER COEFPICIENIS OVER SAND BOTTOM

FOR SOLID ROCK BOTTOM COMMENT J0T THIS SECTION AND
INSERT OTHER COEFFICIENTS
S==41.5
IP(GA.LT.2.0) GO 70 86
IP (GA.GT.6.0) GO TO 520
S=GA-43.5
GO TO 86
520 IP(GA.GT.7.2) GO TO 521
S=0.833%GA-U42.498
GO TO 86
521 IP(GA.GT.8.6) GO TO 522
S=0,.714¢GA -4 1. 641
GO TO 86
522 IP(GR.GT.9.4) GO TO 523
$S=0.625%*GA-40.875

0O 0000

a
N
-

%
)

.

#

X GO TO 86

. 523  IP(GA.GP.17.4) GO TO 524
$=0.5%GA-39.7

5 GO TO 86

o 526 IP (GA.GT.18.6) GO TO 525
N S=0.417%GA-38. 256

X
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529
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531
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GO TO 86

IF(GA.GT.20.0) GO TO 526
$=0.357*GA-37. 140

GO TO 86

IP(GA.GT.21.8) GO TO 527
$=0.,278¢GA~35.56

GO TO 86

IF(GA.GT.23.8) GO TO 528
$=0.25*GA-34.95

GO TO 86

IFP(GA.GT.26.5) GO TO 529
S=0.185¢GA-33. 403

GO T0 86

IF (GA.GT.31.0) GO TO 530
$=0.111%GA-31. 441

GO TO 86

IF(GA.GT.40.0) GO TO 531
$=0.0555%GA-29 .72

€O TO 86

$=-27.5

GO TO 85

SCLID ROCK BACKSCATTER COEFPICIENTS

S=3=27.5

IFP(GA.LE.2.0) GO TO 86
IF (GA.GT.3.0) GO TO 620
S=GA~29.0

GO TO 86

IF(GA.GT.3.8) GO TO 621
S*0.625%GA-27.875

GO TO 86

IF(GA.GT.4.8) GO TO 622
S=0.5%GA~27.4

GO TO 86
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C622 TIP(GA.GT.5.9) GO TO 623

c $S=0.4585%GA-27. 182

c GO TO 86
, C623 TIF(GA.GT.7.3) GO TO 624
c $=0.357*GA-26.606
c GO TO 86
C624 TIP(GA.GT.9.4) GO TO 625
c §=0.238*GA-25.737
c GO TO 86
C625 IP(GA.GT.11.7) GO TO 626
c 5=0.217%*GA-25. 580
c GO TO 8
C626 IF(GA.Gr.14.2) 30 TO 627
c S=0,2%GA-25.34
c GO TO 86
C627 TIP(GA.GT.16.8) GO TO 628
) c S=0.192#GA-25. 226

c GO TO 86
C628 TIF(GA.GT.19.7) GO TO 629
o 5S=0.172¢GA-24 . 890
c GO TO 86
C629 IF(GA.GT.28.1) GO TO 630
c §=0.0595%GA-22.572
c GO TO 8
630 IF(GA.GP.40.0) GO TO 631
o S=0.042%GA~22.18

3 c GO TO 86

- €631 1IF({GA.GT.57.0) GO TO 632

: c §20.029%GA-21.66

3 c GO TO 86

? €632 S=-20.0

i ¢

. C TO CHANGE SCATTEBRING STRENGTH TO BEING AT 1 METER
- C (MCKINNEY STATES THE VALUES AT YARDS)
86 S=S+0.7

')
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781

CALCULATE INSONIFPIED DISTANCE IN TRANSVERSE DIRECTION
FPOR BOTTOM (AB = AREA INSONIFIED)

H1=RJ - ((R=-C*PULSE/2) & $2- HTOW*%2) #%(.5

AB=BEAMH*H1
SEA SORPACE IS NOT INSONIFIED IF DEPTH OF PISH IS
GREATER THAN TOW HEIGHT

IF(D.GE.R) GO TO 413

CALCULATE INSONIPIED DISTANCE IN TRANSVERSE DIRECTION
FOR SEA SURFACE (AS = AREA TINSONIPIED)

RSUR= (R®*2-D*%2)*%(,5
RCHEK=R-C*PULSE/2

CHECK POR LARGE GRAZING ANGLE
IF (RCHEK.LT.D) GO TO 781
H2=RSUR- (RCHEK*#*2-D*%2) *%(,5
GO TO 782
H2=2%RSUR

782 - AS=BEAMH*H2

C
c

C
C
Cc

CALCULATING SOORCE LEVEL DEPENDENT ON
ANGLE OFF¥ ACOUSTIC AXIS

CAICULATE SURFPACE GRAZ ING ANGLE

GAS=ARSIN (D/R) /RAD

CALCULATE ANGLE PROM MAIN AXIS IN RADIANS
(S=-SURPACE, B-BOTTOM)

SANG= (GCAS+DEGI NC) *RAD

BANG= (GA~DEGINC)*RAD

IF (BANG.NE.0.0) GO TO 95

H8=1.0

GO TO 98

124




c CALCULATE SOURCE LEVEL FOR SURFACE AND

c BOTTOM GRAZING ANGLES
IF (ITYPE.LT.1.5) GO TO 96

c FOR EGEG

95 XS=8.0136600*SIN(SANG)
XB=8.01366 00*SIN(BANG)
GO TO 97

C FOR KLEIN

96 XS=4.0686420* SIN(SANG)
XB=U4.0686420*SIK (BANG)

97 HB=ABS (SIN (XB) /XBj}
HS=ABS (SIN (XS) /X5)

98 SLS=20*DLOG10 (HS) +SL
SLB=20#DL0OG10 (HB) +SL

ASSIGN SURFACE BACKSCATTERING VALUES FROM PIGURE 3.5
(URICK,1956)

O 00 0n0n

SUR=-53.5
IP (GAS.GT.15.4) GO TO 720
SUR=0.072*GAS~53.5
GO TO 76

720 IF(GAS.3T.25.8) GO TO 721
SUR=0.125%GAS=-54.525
GO T0 76

721 IP (GAS.GT.36.9) GO TO 722
SUR=C.180%*GAS~55.944
GO TO 76

722 IFP(GAS.3T.45.8) GO TO 723 ~
SUR=0.225%GAS~57.603

' GO TO 76

i | 723  IF (GAS.GT.50.7) GO TO 724

SUR=0.265%GAS~-59.437
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GO TO 76

724 IP (GAS.GT.54.5) GO TO 725
SUR=0.342%*GAS-63.339
GO TO 75

725 IP(GAS.3T.58.8) GO TO 726 |
SUE=0.419%*GA-67.536 |
GO TO 76

726  IF(GA.GF.61.6) GO TO 727
SUR=0.57 12GA~76.475
GO TO 76

727 IF(GA.GT.64.0) GO TO 728
SUR=0.667*GA-82.387
GO TO 76

728 TF(GA.GT.66.3) GO TO 729
SUR=0.957*Gh~100.948
GO TO 76

729  IF(GA.GT.71.1) GO TO 730
SUR=1.083%GA~109.303

GO TO 7%

730 IF(GA.Gr.73.1) GO TO 731
SUR=1.45%GA-135.395 ,
GO T™) 76

731  IP(GAS.3T.74.3) GO 7O 732
SUR=2.00*GA-175.6
GO TO 76

732 IP(GA.GP.76.8) GO TO 733
SUR=2.08%GA-178.572
GO TO 76
¥ 733 IF(GA.GT.81.0) GO TO 734
.- SUR=3.405%GA~283. 404

a GO TO 76

734 IP(GA.GT.83.0) GO TO 735
. SUR=1.9%GA-161.5
2 GO TO 76
5 735 IP(GA.GT.85.3) GO TO 736
- 126
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SUR=1.349*GA-115.767

e

GO TO 76
736 IF(GA.GF.87.7) GO TO 737
SUR=0.708%GA-61.092
. GO TO 75
- 737 IP(GA.GT.89.2) GO TO 738
l SUR=0.667%GA-59.496
é} GO TO 76
7 738  IP(GA.GT.91.1) GO TO 739
l SUR=0.316%*GA-30.187
GO TO 76
& 739  WRITE (6,9 14)

914  FORMAT(1X,'PROBLEN')
> | STOP

c

C TO CHANGE SCATTERING STRENGTH TO BEING AT 1 METER
: C (URICK STATES THE VALUES AT YARDS)
i 7 SUR=SUR+0. 7

c ..................................................... -——
C CALCULATE TARGET STRENGTH POR REVERBERATION LIMITED CASE

y Commmmmmmmmmeman e memamiee mmemmmemmceemcmemm cm e ecma e

c

B C SURPACE REVERBERATION INVOLVED

% c

i RX=-SLB+S LS+ 10#DLOG10 (AS) +SUR

; RY=2S+104DLOG 10 (AB) +SLB-SLS~10%DLOG 10 (AS) ~SUR
RY=10%#(RY 0. 0)

: RCOM=RX+10.0%DLOG10(1.0+RY)

ﬁ RLTS (ICOUNT) =10%ALOG (R) + DT+ RCOM

: GO TO 24

ﬁ c

% - C NO SURFACE REVERBERATION

!

"

s 413 RLTS (ICOUNT) =S+ 10%ALOG10(R) +10%DLOG10 (AB) +DT

3 127
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o
24 IP (KK.GT.10) 60 TO 15
25 CONTINUE
c
C DISPLAY RANGE AND MINIMUM TARGET STRENGTH
666 DO S0 J=1,ICOUNT
WRITE (6,800) RANGE (J) ,RLTS (J)
800 FORMAT (1X,P5.0,5X,P15.1)
50 CONTINUB
IP(ITYPE.GT.1.5) GO TO 75

C
o COMPUTE OTHER KLEIN TOW HEIGHTS
c
IP (HTOW.GT.12) GO TO 432
HTOW=15.0
GO TO 4
432 IF (HATOW.GT.17) GO TO 433
HTOR=20.0
GO TO 4
C
Cc CCHMPUTE OTHER BGSG TOW HEIGHTS
Cc
75 IF (HTOW.GT.20) GO TO 433
HTOW=28.0
GC TO 4
433 STOP
END

»_ 0T
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