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ABSTRACT

While gde-scan sonarhas become avaluable geophysical td for forensic water
searches,antrolled research is paramount to determimeliest practices faearchesn aquatic
environmentsas it provides a structured environment in which to investigate variables that
influence the effectiveness of the technology and pravidaluable experience for sonar
operatorsThe purpose of thisesearchs to conduct controlled research in orderetialuate the
applicabilty of sidescan sonar tgearchemvolving submergedirearms a&ad proxy cadavers. In
addition, thebest practices for employindis technology in forensisearches in freshwater
ponds and lakes in a humid, subtropical environmer€entral Florida would be developed
Five streeflevel firearms were submerged in anplpo and two sets of three pig carcass®ss(
scrofg, utilized as proxies for human bodies, were staked to the bottom of a pond for this
research. Transects were conducted over the firearms and the pig carcasses utiliziegaside
sonar. The first set b pig carcasses represented a child size338g) and the second set a
small adult size (554 kg). Results show thairearms were not detected due to the terrain and
small size. However,his technologysuccessfully locatedsmall to mediurrsized proxy
cacasse®n a flat, sandy lake bottomhen experienced operators were conducting the search
Conversely, vegetation obscured submerged bodies. While the smaller carcasses were difficult
to detect throughout the data collection, mediined carcass were easily discerned.
Moreover, the mediursized carcasses decomposed at the same rate as previous studies and were
visible throughout each stage of decomposition. Finaltyploying a 900 kHz frequency with a

20 m swathwidth providel the besseart parameters Therefore,n the appropriate conditions



sidescan sonar ianeffective tool for locating submerged bodiedriesshwaterakes and ponds

in a humid, subtropical environment.
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CHAPTER ONE: INTRODUCTION

Geophysical tools are frequently used to locate clandestine graves in the terrestrial
environmentbecause they conserve the time and resources of investigating agencies and they are
nonrinvasive(France et al.1992; France et al., 1997; Schultz et al., 2006; Schultz, 2007; Schultz
and Dupras, 2008; Schultz, 2008; Dupras et al., 20HDwever, law enforcement agencies are
increasingly transitioning these tools to aquatic environments to locate submergedaodies
forensic evidence. In aquatic environments, geophysical tools have additional benefits, such as
decreasing the risk to divers, allowing searches to continue after nightfall or in poor visibility,
and decreasing the sediment disturbance. While grpandtrating radar can be used in water
environments, sidecan sonar is the geophysical tool gaining popularity due to its ease of
and high resolution imagesAs morelaw enforcementigenciesncorporatethis technology to
their protocol for searchesmvolving submerged bodies and evidena¢horough understanding
of the variables thahfluence detectiomare necessary.

There are a number of considerations when choosing the best geophysical method. One
of the first aspects to consider is the mateoiathe targets. Each geophysical toaletecs
specific materials, and these technologies often detect the contrast of the materials from
surrounding objects.Hence an understanding of the composition of the item will aid in the
selection of te appropate geophysical toolMoreover, he size and morphology of the target
must be considered. Smaller items may not be detected by geophysical tools, and flat objects
may not be discernible from the bottom surfac€he final consideration is the method of

transmission. Passive tools only receive signals, while active tools can send or receive signals



(Dupras et al.,, 2011) Sonar can be passive, which is more commonly used for military
applications, or active, which is more commonly used for scientipdicgtions. Sidescan sonar

is a form of active sonafNewton and Stefanon, 1975; Fish and Carr, 1990; Lurton, 2002;
Atherton, 2011)

To select the most appropriate method for a forensic water search, the different water
search tools must be evaluatedmpared, and contrasted. Therefore, it is important to provide
an overview of the basic water search methoddve teamsearches, cadaver dogwmetal
detectors, magnetometers groundpenetrating radar, and sidean sonarare all search
techniques that an be employed in a forensic water searcBidescan snar is gaining
popularity over othersearch methods for the initial search. However, to understand the
advantages ofidescansonar, the advantages and disadvantages of other search methods must

bediscussed Tablel summarizes the advantages and disadvantages of each technique.



Water Searches

Diver TeamSearches

One of the most frequently utilized methods to search for submerged remains involves
divers. Diveteamsearchesequire less expensive equipment and can be deplwjatively
quickly. A variety of searches can be utilized based on the underwater tnchithe missing
item (Becker, 1995; Bowens, 2009; Armstrong and Erskine, 20)eep pattern, pievalk
pattern, snadine search, and overhead search are all variations of a search with one diver and a
tether which is a line connecting the diver tgarson out of the water or to the b¢Becker,

1995; Armstrong and Erskine, 2010)These search methods can be ushdn searchindor

large items or small items. Grid pattern searches employ a square grid, usually made out of PVC
pipes to search an ardor smaller items. Finally, divers can utilize hdmed sonar to assist

them in their searches for large or small items. Each of these methods has advantages and
disadvantages based on the terrain and the missing {Argettrong and Erskine, 2010)

A sweep pattern employsstationarytether, and one diverThe tether can either be a
person on shore, or the bodthe diver swims to the end of the tether line and sweeps back and
forth. After each pass, the tether shortens the line, and then #reddes another a pass. This
results in a wedgshaped search area, but allows the diver to move closer to the boat with each
pass as fatigue increas@ecker, 1995; Armstrong and Erskine, 20100 a pierwalk pattern,
the tether walks with the diveoif each pass. As with the sweep pattern, the tether pulls the diver
in with each pass, but since the tether is walking with the diver, the search pattern is rectangular,
rather than wedge shap¢Becker, 1995; Armstrong and Erskine, 2010) snagline search
employs the tether line in the search, since the diver attempts to snag the tether line on the

missing item. In all of these search methods, a diver is connected to a tether via a line; therefore,



if there are obstacles in the path of the searchidtieer line could become entangled in the
obstacle, obstructing the search and possibly endangering théBiaader, 1995) However, if
obstacles are present in the search area, an overhead search can be employed. In overhead
searches, the diver sehes an area, comes up to avoid obstacles, and then goes back down to
search another area. The line goes up to the surface of the water. This prevents the line from
snagging on unseen obstac{@smstrong and Erskine, 2010)Since the tether line allowithe
diver to communicate with the tether person in case there is an issue underwater, the appropriate
search method must be employed to prevent the tether line from inhibitingtetiver
communication. Additionally, the tether line allows the tetheagsist the diver back to the boat
in case of fatigue or emergen@rmstrong and Erskine, 2010)

For smaller items, a grid search, consisting of a square of PVC pipes, will frequently be
utilized to ensure the entire search area is completely covétesl pipes fill with water to keep
the grid on the bottom of the search area. The diver then searches the area with their hands and,
after searching the entire area, folds the grid over one side and searches the jaxnateang
and Erskine, 2010) While this method will take much longer than the tether line searches, it
allows the diver to thoroughly search an agdamstrong and Erskine, 2010)This method is
especially useful when searching for small items, or when there is little to no wisibilit

Regardless of the search pattern selected, the effectiveness of a diver search is influenced
by visibility and diver experienceln a controlled research study to evaluate the accuracy and
precision of diver estimated abalone counts, diver experiams found to drastically affect the
success of the sear@Borfine et al., 1998) More experienced divers were able to search longer
and withfewer issuessuch as diver equilibrium or line entanglemeAtditionally, there was a

large degree of variaein thecountsbetween diverfor each transect lingsorfine et al., 1998)



While this research investigated abalone counts, it applies to all diver searches, especially

searches involving small targets. Therefore, when searching for small evideecs,sthould

ensure that transects overlap so that each area is covered by at least two divers, if not more.
While dive teams can be deploygdickly and effectively, there are also disadvantages to

utilizing divers for water searches. Diver heakhone of the main conceras a myriad of

health issuescan be related to diving including, but not limited to nitrogen narcosis,

decompression sickness, hypothermia, hyperthermia, or inMoreover, divergre more likely

to have cognitive, musculoslethl, and hearing issues than divers (Ross et al., 2007;

Bowens, 2009) Moreover, inclement weather and strong currents can require additional

equipment, such as a tow sled, increase diver fatigue, or even prevent divers from entering the

water (Becke, 1995; Labatt, 2008) Contaminated watas another health conceta the diver

(Winskog, 2011) When there is a risk of contaminated water, divers should utilize a dry suit and

decontamination procedures should be carried out prior to the diver regritvei suit(Becker,

1995; Becker, 2006) Additionally, as the study by Gorfine et §.998) demonstrates, diver

searche lack the accuracy required teearch for small objects, and if the divers are

inexperienced, the search can be prolonged, requaddgional manpower and increasing diver

submerged time.

Cadaver Dogs

Air scent dogs, which include cadaver dogs, were first utilized by the U.S. Navy to detect
enemy swimmers. By the mBl9 8 0 6 s, air scent dogs wer e emgp
misdng people(Osterkamp, 2011)Air scent dogs can also pick up the scent of aiipdhuman
and trace the perspmowever, a specific type of air scent dog, cadaver dogs, detect human

decomposition. While there is limited published studies on the agcofacadaver dogs in



water, their use has been investigated in s(i®@mar, 1999) In this study, the success of the
search was affected by the familiarity of the dog with the scent and the experience of the dog and
handler in the specific environmefomar, 1999) Similarly, for water searches, cadaver dogs
should be familiar with searching in the aquatic environmedtowever, despite the limited
research on the success of cadaver dogs in water searches, case studies have reported that
cadaver dogsra a viable option for forensic water searches.

When a cadaver dog is used to search a water environment, the dog, who should be
certified or trained for searches on thater, is positioned in the boat, typically in the bewith
its handler. The boat should be as low in the water as possible dog searches the air above
the water, and signals to the handler if it hits on a scanthat time, a buoy should be used to
mark the locatio{Rebmann et al., 2000)However, cadaver dogs arenlted by a number of
variables, such as the presence of remains, presence of scent above ground, air movement
between scent and dog, the air temperature, cadaver dog ability, and handlefRedlihann et
al., 2000) While not specifically stating theffect on water searches, these variables will also
influence a cadaver 6s dog a bDegpitet tiyesevariablesd et e c t
Armstrong and ErskinfArmstrong and Erskine, 20183port two case reports in which air scent
dogs successfully tmted the missing person. In the first case, the dog first detected the missing
child while in a canoe on the water. Then, the dog was able to trace the scent back to the shore,
where the child was discovered, alive, in the woods. In the second ceadawer dog was
employed to search for a submerged body that had been missing for 192 days. The dog alerted
on the body and on another spot in the river where human bones were discovered. The

pathologist determined that the bones found were not submiemgel than a year. These two



case studies are successful in demonstrating that air scent dogs are an effective tool on water as

well as on land.

Metal Detectors

Metal detectors can be utilized search for objects containing conductive metal or some
minerals Since metal detectors can be operated underwater, they are a viable option for the
detection of forensic evidence or even a submerged body if the bodgnétadlic objects
associated with it. Metal detectors can even detect objects under lthadsohus be used to
detect objects underneath the bottom surface. A study on the detection of lead objects
underwater found that the depth of a buried object that a metal detector can discern is
proportional to the mass of the object. An object witimass of 0.4 g can be discerned to a
depth of 1.6 cm beneath the soil, and if the object has a mass greater than 3.5 g, then it can be
detected up to a depth of 10 ¢Buerr and DeStefano, 1999)Therefore, even if the missing
item was buried over time, @lmetal detector may still be able to discern its location.

Similar to terrestrial searches with a metal detector, the metal detector should be swept
over the search area in overlapping pagBesvens, 2009) If the body of water is deep, a diver
may berequired to operate the metal detector, and a specialized metal detector that can be
completely submerged is requir@donnor and Scott, 1998)Additionally, if the metal detector
is employed in salt water, the detector must utilize a paldection tebinology so that the
minerals in the salt water do not interfere with the detection of the of§jectnor and Scott,

1998) However, underwater metal detectors are most successful when searching for items that
are of a reasonable sizeych aslarger thana coin, and good electrical conductivitifoster,

1970)



Magnetometers

Magnetometers, like metal detectors, also detect ferrous objects. Hoineaddjtion to
the haneheld versionmagnetometers can be deployed in a towfish, similar tessidasonar,
or on a floatation device, similar to groupédnetrating radar. The towfish is utilized when the
magnetometer is deployed from metal boats to prevent the boat from being detected. However,
in order to use the towfish, the water must be deep enoecfuse the towfish must be lowered
until it cannot detect the boa#ll three deploymentypescan be utilized to detect differences in
magnetic potentia{Conlin and Russell, 2006; Parker et al., 2010)agnetometers have been
used by underwater araw@ogists to locate shipwrecks, and can be utilized for forensic contexts,
such as in the detection of forensic evidenbedy disposal containergr even wreckage
material from planegJackson, 2002; Conlin and Russell, 2006; Parker et al., 20R&gently,
more sensitive systems can even detect ancient hearths and ceramic asseblages,
2009) However, the sensitivity could create additional clutter in areas with urban debris such as
ports or other coastal areas. Using multiple magndemnen a fixed array can decrease the
noise created by debris and allow large objects, such as wrecks, to be differentiated from normal
debris (Bowens, 2009) Additionally, transect spacing must be considered when using
magnetometers; the transest®utl account for the size of smallest item to be locatsdi allow
for overlap of transect@rnold 111, 1996)

Jackson(2002) discusses the use of a magnetometer to locate a murder victimabat
dumped in aar in the Missouri RiverThe magnetometer 8aselected by NecroSearch because
the terrain of the river prevented the use of siden sonar, and the percentage of ferrous
material in the composition of the car suggested that the magnetometer would easily detect it.

The magnetometer was able to Imcaseveral anomalies, which were prioritized by the



investigators. The first anomaly located a car, but not the correct one. The second anomaly

proved to be the victimbébs car, with the remai
A magnetometer waalso used to lot¢a theBelle a French ship that sank in 1686

(Arnold 111, 1996) and this technology was utilized to locate-& Harvard airplane that crashed

into the Mediterranean Sea near Isr@éleiss et al., 2007) The magnetometer identified

numerous unassociatebjects in this search, including & Bentury Byzantine iron anchor, a

thick walled steel tube, and (essetral.r2607)aft f 1| ar

GroundPenetrating Radar

Groundpenetratingradar (GPR) is a norinvasive technique that identifies anomalies in
the water column or bottom surfacdJsing electromagnetic wave§PR deted contrasting
material by reflecting or refracting off of the materiahd this reflection is captured by the
antenna. Wh GPR, targets appear as a hyperbola and the true morphology of the shape cannot
be discerne@Dupras et al., 2011)Anomalies identified must be further investigated by divers.
Groundpenetrating radar cadetect anomaliesn the water columnas well as the bottom
surface of a body of water or even ice. This technology is often used for sedimentation studies,
civil engineering, and hydrological studig2arker et al., 2010)However, it can also be applied
to archaeological and forensic archaeolaficontexts in water environmen(Ruffell, 2006;
Parker et al., 2010; Dupras et al.,, 20115ince the radar frequencies can penetrate the
subsurface, it can also be used as al&itom profiler to detect anomalies below the subsurface.
However,variabks such as the depth of the water and the composition of the subsurface can
affect the depth of penetratidBeres Jr and Haeni, 1991)Additionally, the frequency of the
antenna will affect the depth of penetration. Higher frequencies will providerhigsalution,

which is the ability to distinguish between two distinct objédthnson and Helferty, 199@ut



poorer penetration. The higher resolution may pick up more clutter in the area, which will make
anomalies difficult to discern. Converselpwer frequencies will have lower resolution, but
penetrate deepéBeres Jr and Haeni, 1991)

Groundpenetrating radar is a useful technique for searching large areas rapidly and non
invasively. This tool can also penetrate vegetation that can prineentse of other techniques
such as divers or siggcan sonafParker et al., 2010) Groundpenetrating radawill identify
anomalies that can be further investigated by divers. However, it cannot be used in saline
environment due to increased conducyiwitf the salt(Parker et al., 2010) Moreover using
GPR over water can have additional challenges. For example, GPR is also affected by metal,
and therefore, it cannot be used in a metal boat. Instead, it should be employed-metailin
craft, orit can be suspended by cable over the water. Also, waves or uneven surfaces can cause
false anomalies. Suspending the antenna on a cable over water or waterproofing the antenna and
submerging it in the body of water can minimize the disturbances ofi¢ntbuater(Parker et
al., 2010)

Conducting a search with GPR requires running transects over the body of water. To do
this, a global positioning syste(@®P9 unit can be used in conjunction with the GPR to ensure
that the transecteverlap and the entire search area is covered. When GPR is conducted in
conjunction with GPS, the position and path of the boat can be monitored by the driver of the
boat. The driver can then guide the boat across the search area and ensure tearehtiaees
is coveredBowens, 2009)

Groundpenetrating radar has been successfully employed to locate a sunken jet ski
(Ruffell, 2006) The jetski was involved in a boating accident in shallow lake in Northern

Ireland. The lake shore consisted of dsaand pebbles, but progressed to sit and mud

10



approximately 5 m from shore. Diver searcpesvedunsuccessful because the divers would

stir up the silt from the lake bed, hampering visibility. Instead, GPR was employed, and
antennae with 50 MHz, 100 MH200 MHz, and 400 MHz frequencies were utilized and
compared. In this case, the 200 MHz antenna proved to be the most effective antenna. The
reflection profile from the 200 MHz demonstrated a cledrégerniblenyperbola above the lake

bottom. This poved to be the hull of the jeski (Ruffell, 2006)

SideScan Sonar

Sidescan sonar is another geophysical technique that forensic archaeologists and law
enforcement agencies have been utilizing with increasing frequency. The effectiveness of the
techngue and its advantages over diver searches has madscaitisonar the preferred choice
for water searches when it is availalfleeather, 1994) Quinn et al.(2002) found that a
geophysical survey, such as one with sidan sonar, provides a quick aeffective survey
method, although it is dependent on the experience of the operator, the navigation by the driver,
and the quality of the image. Sidean sonar has been utilized in a number of-pigliile cases,
and is frequently employed to search limdies in water environmen{&arrett, 2006; Atherton,

2011) Sonar searches are conducted in a similar manner to search€PRijthence sidescan
sonarallows a larger area to be searched and decreases the time required to searchlthearea
GPR,when features are identified by sidean sonar, they should be further investigated by
divers. However, unlike GPR, sidsecan sonar images provide photogréikld images(Dupras

et al., 2011)

There are two types of siggan sonar in current use. Qgpe, the handheld sonar unit,
can be wielded by divers to assist thenthe searcl{Armstrong and Erskine, 2010)The diver

holds the sonar undés they swim over a site, and an audio unit processes the returns from the

11



sonar and sermsdseairtphtomet.he Tdhieverolhe will change
the target. The diver should hold the sonar as close to the bottom as possible so that the returns
are more effective. Another type of sonadeployed froma boat. A towfish is toweddm a

boat. A cable runs from the towfish to a monitor the boat(Figure 1) where an operator

interprets the return&ingh et al., 2000)

lake floor

Figure 1: Diagram of how sonar detects featurdse body blocks the acoustic signals, creating
a Ashadowo behind the feature.

Sidescan sonar has been applied to numerous hydrological applications. It was
developed to survey and mapetiseafloor, although its current applications have expanded
beyond this | imited purpose. -sgdn rsanar has been d e v e

employed to investigata bridgethat collapsed in 187@uck and Dow, 1994and to located
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subaqueousehtures(McManus and Duck, 1983) Additionally, this technology has been
utilized to record changeas subaqueous featuresthe Mississippi River deltéColeman, 1988)
and to monitor dredge tracks and explore terraces formed by the roots of deadNdarits
and Stefanon, 1975)

Soon after the development of sisean sonar, the technology was employed in
archaeological contexts. Literature discussing guidelines for the application of this technology to
archaeological surveys can be found as early t h e (Hdll,91866)Y Since then, this
technology hasassistednumber of archaeologicgbrojects including locating shipwrecks,
airplanes, and submerged prehistoric si@sdrews and Corletta, 1995; Quinn et al., 2002;
Faught, 2004; Marks, 200®@umser and Turkay, 2008; Sear et al., 201Additionally, more
recently, sidescan sonar has been replacing divers in forensic water searches. Some high profile
cases, such as the search for Natalee Holloway incorporated this technology to assist in the
search(Garrett, 2006) Ralston and Pinkse(2010) and Atherton(Atherton, 2011)discuss
several case studies in which s&lmn sonar was employed to locate submerged bodies.
However, as the incorporationof sidescan sonais a recent phenomenon, teeis a lack of
literature on the advantages of employing ssdan sonar as well as the limitations of this

technology.
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Tablel: Advantages and Disadvantages of Water Search Techniques.

Search Technique Advantages Disadvantages
Diver teams 1 Relatively nexpensive 91 Health risks
1 Easy to deploy I Success affected by diver
i Effective experience
I Find and recover I Requires significant
manpower
1 Can be invasive
Cadaver dogs 1 Requires less manpower ! Questionable success
1 Easy to deploy 1 Requires some level of
1 Does not require diver to decomposition
operate
Metal Detectors 1 Can be utilized by divers 9 Detects only conductive metz
9 Detects objects underneath th and some minerals
bottom surface 1 Covers small area
I Relatively inexpensive
Magnetometers 1 Covers large areas 1 Expensive
1 Detects objects underneath th § Cannot be employed urban
bottom surface water environment (i.e. pier
9 Detection increased to even area or shipping lanes) due t
small amounts of ferrous excessive noise.
material, such as an ancient { Only detects ferrous material
hearth.
1 Does not require diver to
operate, can be haittld
GroundPenetrating Rada § Covers large areas 9 Difficult to deploy
9 Detects objects underneath th § Expensive
bottom surface 1 Requires experienced operai
9 Does not require diver to
operate, but can be hahdld
I Requires less manpower
I Can be deployed in inclement
weather
SideScan Sonar 1 Covers large areas 1 Expensive
1 Does not require diver to 9 Cannot be used in areas witr
operate vegetation
1 Requires less manpower 1 Requires experienced operai
1 Provides photdike images of
bottom
1 Can be employed in inclemen
weather
1 Can be utilized after dark
M Can be utilized in freshwater,

brackish water, and saltwater
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Sonar Use and Operation

Sonar an acronym that stands fsaund navigationand ranging(Lurton, 2002) is a way
to measure sound in relation to tinj&therton, 2011) A sidescan sonar system typically
consists of a projector and a hydrophone in a towfsure 2), which is connected to a boat via
a cable(Figurel). The projector and hydrophone, collectivealled transducers, emit acoustic
pulses and receive the pulses, respectifElgmming, 1976; Fish and Carr, 1990; Atherton,
2011) In monostatic systems the transducer sends and receives the acoustic pulses, but in
bistatic systems, the projector ahgdrophone are separatédtherton, 2011) For sidescan
sonar systems, multiplmonostatictransducers are employeititerconnected in a linear array
(Johnson and Helferty, 1990)The acoustic signals of these transducers are foausedown
ward and lateral angléy inserting the elements into holders that prevent the signal from

projecting in other directionddohnson and Helferty, 1990; Atherton, 2Q11)

W ZHH008L N ZHYN0061 4

) Flgu 2. nturln Sea Scan d feqc an snar towfish
As a monostatic sonar systentesscan sonar is able to send and receive acoustic signals
by cycling the transducers between operating as a projector and as a hydrophone. After the
transducers emit acoustic signals for 5 to 1000 reeronds, the voltage stops, and the
transducers receives the return echoes. Once the transducers are resahsimigound again,

and the cycle continudé&therton, 2011) The projector converts electrical signals into pressure
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waves, which propagatthrough the water and reflect off of objects back to the hydrophone
receiver(Fish and Carr, 1990; Lurton, 2002)The strength of the frequency returning to the
hydrophone is interpreted and translated into electrical signals, which return to therraanito
the boat via a cable. This system allows for-teaé analysis of the bottom substrate.
Additionally, a global positioningystemgGPS receiver is attached to the sonar wmithe boat

and monitors the path of the sonar to ensure the entirehsaiara is covere@drigure3).

N (A
B LAY
© GPS receiver \\|

Figure 3: Pontoon boat that OCSO uses to deploy-sickn sonar with equipment labeled

The towfish is towed by a cable from the boat, and therefore, the speed of the boat must
account for the towfish so that the towfish is level during the sonar process. Sonar should not be
operated during a turn, because the sonar would be dis{étedning, 1976) Searches with
sidescan sonar typically follow parallel transeatswhich each transect overlaps 50% of the

previous transect The spacing of the transects are determined by the swath width of the sonar
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(Bowens, 2009) Additionally, the opeator also controls the depth of the towfish, since the
towfish is most effective when it is as close to the bottom as possible.

Many sidescan sonar systems now provide the option choose betweenwo
frequencies. The frequency affects the distaiheeacoustic signals can travel as well as the
resolution of the images. Lower frequencies can travel farther distances, but higher frequencies
have better resolutio(Singh et al., 2000) Therefore, higher frequencies are more likely to
discern betweetwo closely spaced objects, but these frequencies will also provide additional

clutter due to increased sensitivity.

Sonar Imagery

Sidesscan sonar produces images akin to an aerial image of the bottom surface, which has
increased the use of this techrpjoas a remote sensing technique in water environments
(Ravichandran, 2005; Dupras et al., 201The images produced provide the best resolution of
all geophysical technologies for submerged body and evidence seébuimeas et al., 2011)

The image rsulting from a sidescan sonar survey has several distinct fest(Figure 4).
Recognizing these features allows the sonar operator to better interpret the record.

Fish and Carf1990)discuss the various aspects of the sonar image. The trigger pulse is
the firstreturn echo, although it is often synonymous with the path of the towfish. The surface of
the water may be present on the record if the towfish is towed close to the surface. When this
happens, a line will be present in between the trigger pulse aficstH®ttom return. When the
first surface return is present, it can be used to determine the depth of the towfish. The first
bottom return is the first return echo received off of the bottom surface. The closer the towfish is
to the bottom, the closéhis will be to the trigger pulse. In between the first bottom return and

the trigger pulse is an area known as the water column. If there are any features in the water

17



column, it may be clutter or noise caused by the water surface reflecting pidbesagbustic
signal. Features on the bottom surface in between the trigger pulse and the first bottom return
will not be visible.

In addition, Eatures within the sonar image will contrast with the bottom surface based
on their reflectivity. Metal andock are good reflectors due to their rough appearance and will
contrast more than objects with a lower reflectivity coeffici€rish and Carr, 1990;
Ravichandran, 2005) Additionally, a greater contrast between the bottom surface and the
feature will ceate more visibility for that feature. For example, a feature that has more height
will be more visible, and a flat bottom surface will allow features to be more discernible. Behind
the feature will be a shadow cast by the feature blocking the acogsidss Often the shadow
will provide more information on the morphological characteristics of the object than the image
of the feature itsel{Figure5) (Atherton, D11) For example, a bicycle may appear as a long
thin feature, but the shadow will present as a bi¢yadethe acoustic signals go through the
spaces between the frame and the spfkdserton, 2011) Depressions appear similar to the
shadow of a feate, but they will not have the same contrasting object in front of it. The shadow
also differentiates features from noise or feedback. Often noise or feedback can resemble a
feature, but only a feature will have a shadow, which indicates the verticalt afpthe object

(Figureb) (Singh et al., 2000)
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Figure 4: Sonar imagewith featuredabeled; acoustic signals transmitted out of both sides of the
towfish
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Figure 5: Sonar image demonstratinige morphology of the shadow of a sonar featdrkee
feature (pig carcass) is on the right inside the white box, while the shadow, on the left, indicates
the shape of the pig carcagscoustic signals transmitted out of th& kde of the towfish.

Additionally, the acoustic signals can be emitted outheftowfish on thdeft side, the
right side or both sides. Figure 4 illustrates an image in which the acoustic signals are
propagated out of both sides of the towfisthile in Figure 5 the acoustic signals are only
transmitted out of the left side of the towfistf the signals are sent out of only the left side, the
trigger pulse would appear along the right margin, while if signals are sent out of only the right

side,the trigger pulse would appear along the left margin.

Advantages and disadvantages of sonar

Sidescan sonar can be employed when the risks are too great to utilize divers. For
example, inclement weather, nighttime or contaminated water does not ingpaffedtiveness,
even though divers cannot be deployed in the same conditions. However, a nuwaerbds
can influence the success of a search with-st@m sonar. Different materials will have
different reflective propertied-ish and Carr, 199®rnold Ill, 1996; Ravichandran, 2005)~or

example, rock and gravel will reflect acoustic signals better than sand, which will reflect signals
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better than mud, while vegetation and rapid changes in depth can camouflage anomalies.
Therefore, materials wWilappear differently on the sonar images based on their reflective
properties. Since pck and gravel will demonstrate greater contrast than sand orartadget
accompanied byhese materials wilincrease the visibility of the targetHowever, vegetain

may obscure targets, preventing their detecti@iher variables that can interfere with a side

scan sonar search aseismic instruments, dense particle suspension in the water column, and
ultrasonic waves created by passing skiflemming, 1976) Therefore, sidescan sonar should

be conducted prior to any other surveys to prevent interference from the other surveys.

Research Objectives

The primary objective of this research is to establish a set of best practices for the use of
sonar in forensic contexts. The research design will involve establishing a controlled area in
which sonar can be employed to detect pig carcasses, which willlized as proxy cadavers.

This researchvill (1) document the ability of sidecan sonar to dett submerged firearmg)
incorporate realife scenarios for submerged bodi€3) document the ability of sidecan sonar
to detect submerged remains ptiene, and (4) evaluate the variables that affect the success of a

forensic water search.

Thesis Outline

This thesis will be separated into four chapters: Chapter 1 will provide an introduction to
this research; Chapter 2 will discuss the use of side sonarfor submeged forensic evidence,
focusingon streetlevel firearms;Chapter 3 will present the results of the controlled research on
detecting submerged remains using proxy cadavieduding the effects of terrain,
decomposition, frequency, andhgee on the discernibility of submerged remaisd Chapter 4
will discuss the best practices for applying ssdan sonar in forensic contexts.
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CHAPTER TWO: THE USE OF SIDE-SCAN SONAR TO LOCATE SUBMERGED
FIREARMS

Introduction

Bodies of water are often @3 as a dump site to obscure evidence of a crime. However,
law enforcement agencies have a number of resources they can empéxoverforensic
evidence. Divaeamsearches, metal detectors, magnetometers, gipemektrating radar, and
sidescan sonarare all geophysical tools that can be employed in the search for forensic
evidence. Each method has advantages and disadvantages for its use in a search based on the
materials associated with the forensic evidence, the terrain of the body of wateheand t
manpower availabl¢Tablel). A thorough understanding of the advantages and disadvantages
of each tool, the composition of the targahd the size of the searaheacan assist agencies in
selecting the appropriate search technique.

One of the first considerations when selecting the appropriate geophysical method to
employ for a forensic evidence water search is the composition of the evidence. Geophysical
tools will detect a variety of materials witbarying success rates. Therefore, the geophysical
tool that best detects the suspected material should be employed. Additionally, geophysical tools
have advantages and caveats for searches. For exafBpR, meal detectors, and
magnetometers can detect items below the surface, busatdesonar canngDupras et al.,

2011) Table1l lists the advantages and disadvantagfesater search techniques and this list

should be referenced when evaluating the appropriate search tool for forensic evidence water
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searches. This aspect of the research will focus on the applicability escsidesonar to the

search foffirearms

Purpose

The research presented will provide a foundation for understanding the application of
sidescan sonar to forensic purposes. This aspect oet@arch wil(1) determine the ability of
sidescan sonar to detestibmergedirearmsin freshwater porgland lakes an(®) determine the
best collection parameters for searching for submefigeatt msin freshwater ponds and lakes.

In order to complete this aspect of the research, the assistance of the Orange County
Sher i ff @€SOMarne trei Dive Team,and Forensic Unit were enlisted. Marine
divers were employed to place thieearms that the Forensic Unit provided the lake bottom
They alsocollectedthe firearmammediately following data collection, and therefore, a shallow
area was absen to minimize the submerged time of the divers. The slope of the lake in this area
was approximately3 One limitation of the data collected was due to equipment malfunction.
The transducers were only able to send acoustic signals out of one #idetoWfish, and as

such, transects could only be conducted morth to south direction

Materials and Methods

Evidence and Research Site

Or ange Co u roffige M&ihedJnitiisf oftel salled to recover forensic evidence
from waterways. While #h majority of the evidence is large, such as stolen €SO Marine
Unit has been requested to locate smaller items, such as long guns and harnthigiresearch
is investigating the application of sidean sonar to search for small to medium sizedrfms in
order to determine whether law enforcement agencies should employ sonar in addition to divers

when this type of evidence must be recovered. firearmswere tested: three long guns and
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two hand guns. These items were chosen as a represesatiple of thatreetlevel firearms
OCSO is frequently asked to recoverable 2 lists the modeldimensions and compositiorof
eachfirearm,andFigure5 provides images of the items.

Table2: List of commonly found forensic evidence utilized in this project

Make Type Metal Composition Length  Width
(cm) (cm)

Winchester 74 .22 rifle Steel 106 13

Remington 870 Shotgun/12 Gauge Steel 122 13.5

Marlin 1895SS 45/70 rifle Steel 102 12

Lorcin L25 .25 Semiauto pistol Aluminum frame, 12.2 9

magazine, steel slide
Hipoint JCP .40 Semiauto pistol Steel/Polymer 25.4 15.6

Figure 6: Firearmsutilizedin the sidescan sonar searcta) Winchester 74, b) Remington 870,
¢) Marlin 1895SS, d) Locin L25, e) Hipoint JCP

The research site is a borrow pond located within the Hal Scot Regional Pr&sguwe
7NNinWedgefield, Fl ori da. St . Distliad ranfedspedtal use r Wa t

authorization for theite for this researctRPPENDIX A: SPECIAL USE AUTHORIZATION.
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A clear shallow area was utilized to aid the dsvér placement and recovery of the forensic

evidencg(Figure8).

Figure 7: Location of research site in Wedgefield, Florida amkeup of research site
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Figure 8: Approximate dcation of each firearm within research site
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Data Collection

A Centurion Sea Scan dual frequency ssdan sonar towfish was employed for this
study (Figure 2). This sonar system received the second highest overall score from U.S.
Depart ment of Homel and Securityos System As
Responder$System Assessment ak@lidation for Emergency Responders, 2008%ed on its
affordability, ease of use, portability, easy system setup, resilient equipment, and readable
screen. The towfish could operate at either 900 kHz or 1800 kHz swdth widthof 10 m, 20
m, or 30 m A pontoon boat was utilized to tow the s&lean sonarHigure3). The towfish was
connected to the control unit via a cable, and the towfish exasd from the front of the boat
(Figure1). Additionally, a GPS was connected to the sonar control unit to establish the GPS
coordinates of the towfish.

Divers plaed the evidence approximately 1 m apart in a mksoiith direction
approximately 3 m from shorérigure 8). Four surveys were conducted for four different
combinatiols of frequency and swath width: 900 kHz, 10 m; 900 kHz, 20 m) k8, 10 m;
and 1800 kHz, 20 m

Each firearm was scored for each transect.
the firearm was easily discernible or if the shadow of the firearm could be discernible as a
firear m. A score of HAgoodo ware nogeasieidentiied i mag
as a firearm, but were distinct from the surroundings enough to be determined as a feature.
Easily discernible was defined as either a distinct feature or a distinct shadow. A score of
Apossi bl ed was gi ve wast posstblh, éut indistingteshadow oriifthe t her

feature could not be definitively identified
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Results

As Table3 illustrates, sidescan sonar was unable to definitively discBr@armsin this
study. Even though four differeswath widthand frequency combinations were employed,
none of the targets could be easily discerned from the surroundingFéyeee 9). However,
there areshadowghat could be interpreted as the targets, but they are not distinct enough to be
discerned from the surrounding areas asrgeta Instead of appearing esntrastingfeatures
they appear as depressiof@e long guns, ranging between 102 cm and 122 cm in length, were
possibly visible, but the hand guns, ranging between 12.2 and 25.4 cm in length were not visible.
Therefore, as the size of the object increases, the likelihood of detection also increases.
Additionally, the 20 mswath widthshows more possible features than the 16wath width
although the possible features that appear for the $@ath widthare larger ananore visible
than the 20 nswath width Finally, more shadows were identified with the 900 kHz frequency,

but the shadows on the transects taken with the 1800 kHz frequency were more distinctive.
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Table3: Scoring table fofirearmssearch

Evidence Frequency Swath width  Visibility
Winchester 74 900 10 None
Winchester 74 900 20 Possible
Winchester 74 1800 10 None
Winchester 74 1800 20 Possible

€ Remington 870 900 10 Possible

® Remington 870 900 20 Possible

2 Remington 870 1800 10 None

S Remington 870 1800 20 Possible
Marlin 1895SS 900 10 Possible
Marlin 1895SS 900 20 Possible
Marlin 1895SS 1800 10 Possible
Marlin 1895SS 1800 20 Possible
Lorcin L25 900 10 None

" Lorcin L25 900 20 None

= Lorcin L25 1800 10 None

© Lorcin L25 1800 20 None

2 Hipoint JCP 900 10 None

£ Hipoint JCP 900 20 None
Hipoint JCP 1800 10 None
Hipoint JCP 1800 20 None
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Direction of travel

\ ": ‘ 'I’ "_‘_‘,“ ..I‘ .,"';‘
1800 kHz, 10 m 1800 kHz, 20 m

Figure 9: Sonar images of firearms from each transeetch transectontained all five tested
firearms arrows indicate the shadows of possible firearms

30



Conversely, sidscan sonacaneasily discern larger items of forensic eviden&aats,
automobiles, and evemelicoptersare readily identifiabl€Figure 10). While large debris may
obscure the larger items as well, terrain is less likely to affect the detection of larger items of
evidencesince the size of the object contrasts with the surrounding environnwith larger
evidence, sidascan sonar provides detailed information about the target. For example, with the

automobile, the windshield is discernible, and with the boat, the ewtfithe hull is visible.

Boat Automobile Helicopter

1800 kHz, 20 m 1800 kHz, 20 m

1800 kHz, 20 m

Direction of travel —»

Figure 10: Sonar images of boat, automobile, and helicopter detected by OCSO Marine Unit
(Images courtesy of OCSO Marine Unit)

Discussion

Severalvariables likely prevented the detection of the &rems in this aspect of the
research. First, although the area was devoid of vegetation, there was a small amount of silt
present. The silt could have obscured the acoustic signals from detecting the firearms, as they
were not projecting above the levélsit. Second, thenorphology of the objectombined with
the silt prevented the presentation of the diagndstture with ashadow for each target.
Smaller objects are less visiblayt objects with more height are more visibl&€hird, the slope
of the bottom likely prevented the shadow that is characteristic of features. Since the acoustic

signals were able to penetrate the area behind the target due to the slope, the shadow was not

31



present and the feature could not be discerngéden one of theseariables could obscure the
target, yethe presence of all three prevented the detection of the firearms

While this research was unable to extract quality images of the firearms employed, that
does not exclude the use of sktEan soar for submerged firearrsearches. However, caution
must be exercised when employing this technology. If the conditions are ideacaitdsonar
could recognize submerged evidence, but if there are any circumstances that would obscure the
imagery, sub as silt, vegetation, or even a sloping terrain, the evidence would not be discernible.
When searching fdiirearms a 20 mswath widthis more likely to discern possible features, and
the 1800 kHz frequency will provide more definitive shadows tha®@ekHz frequency.

Therefore, prior to employing siescan sonar, a tesurvey of the lake should be
conducted to determine the applicability of this technology for the search. If the test concludes
that sidescan sonar can be employed, transectsldho® conducted so that the range of each
pass significantly overlaps the range of the previous path. Additionally, any necessary turns
should be executed outside the search area. When targets are located on the sonar monitor, the
location should be maekl with a buoy to allow divers to return to the location and grdrutt
it.

Although the firearms could not be definitively detected in this research, the negative
results provide valuable information about si@an sonar. First, caution should bereised
when employing this technology when searching for submerged firearms as the firearms may not
be discernible if the conditions are not favorable. Secaddifionalcontrolledresearch must be
performedto determine if there are conditions favdeafor the detection of submerged firearms

including using additional types of weapons
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Conclusion

Sidescan sonar is a valuable technology for water searches, but caution should be
exercised when utilizing sonar to find evidentiary targets. The $iteedarget, along with the
terrain of the bottom surface must be considerations beforessaesonar is employed. Larger
items, such as boats, helicopters, and automobiles are easily discerned despite the terrain, but
smaller itemssuch as long gurnand hand gunsyill not be visible unless the terrain is ideal.

Ideal terrain consists of a flat, sandy lake bottom with no vegetation.

Although this research was unable to discern fitearms utilized, further research is
necessary to determirie corditions and parametemsxist that would allow the technology to
discernfirearms Additional research in areas with ideal terrain, as well as employing a variety
of frequencies and ranges to determine the best parameters for disdeeangsshould be
investigated. Since other sonar systems use frequencies other than the 900 kHz and 1800 kHz
frequencies employed in this study, other sonar systems should be employed. Further research
will identify not only othervariables that prevent the identificaticof targets, but alseariables

that allow targets to be discerned from the imagery.
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CHAPTER THREE: DETECTING SUBMERGED REMAINS IN A CONTROLLED
SETTING USING SIDE-SCAN SONAR

Introduction

When a body search and recovery operation occurs in an aquatic environment, it requires
a new set of challenges as opposed to a terrestrial environment. A number of search techniques
are available; however, each has its own advantages and limitatibassedrch technique most
applicable to the recovery will depepd a number oWariables including the conditions of the
water environment, such as terrain and vegetation and the conditions at the time of the search,
such as day or night. Therefore, arthph knowledge of the search tools available will allow
investigators to select the most appropriate methd@ble 1 discusses the advantages and
disadvantages obeh search technique.

Sidescan sonar hagaining popularity oveiother aquatic search methouts forensic
contextssince it provides photogragike images of the bottom surface, which requires less
interpretation than other geophysical search metholss technologycan also search larger
areas with less manpower than dive teaearches. While sidecan sonar have been employed
for a variety of uses including marine geology, marine biology, and underwater archaeology
(Newton and Stefanon, 1975; Duckdabow, 1994; Quinn et al., 2002; Faught, 2004; Marks,
2006) the use of this technology in forensic contexts has only recently been ex{fkaedtt,

2006; Dumser and Turkay, 2008; Ralston and Pinksen, 2010; Atherton, Zlrbughout the
country, and specially in Central Florida, law enforcement agencies have been purchasing side

scan sonar to assist their Marine Units with search and recovery operations onReageIsic
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cases have not only located submerged bodies, but also cleared suspectedhaieasdlows
resources to be focused elsewher€able 4 lists the advantages and disadvantages of this
technique.

Table4: The advantageand disadvantages of sidean sonar in forensic water searches

Advantages Disadvantages

A Norrinvasive A Equipment is expensive

A Requires less manpower A Operator must have specialized training
A Search large areas in less time A Vegetation can obscutargets

A Can be used in inclement weather A Fluctuations in terrain can obscure targ
A Can be used in darkness and low visibility A Deep silt or mud can prevent target

A Results displayed ireal time in the field detection

A Depth and dimension of anomalies can be A Cannot detect below the bottom surface

calculated if the depth of the towfish is A Operator and driver need experience fo
known. successful searches

Data can be saved on hard drive for

computer processing

T

Therefore, employing sidecan sonar allows law enforcement agencies to minimize the
manpower and time required to search an area, as well as minimize the risks to divers. In other
words, this technology allows law enforcement investigators to sear@r megs in less time,
and with less personnel. By integrating a sidan sonar search with divers, a body can be
found and recovered in significantly less time than typical diver searches. Additionally, searches
with this technology will not disturb géhcontext of the scene or any associated evidence. In fact,
the sonar images of the area are recorded and saved, allowing for an accurate rendition of the
discernible features of the scene even after the scene is disturbed.

Despite the increasing uséside-scan sonar by law enforcement agencies, controlled use
of this technology in a forensic context has yet to be conducted. This research seeks to alleviate
the lack of literature in the area and provide a set of best practices for the use ofrtbggch

Moreover, the research will identify the benefits and limitations of-s@@& sonar when
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employedto detectsubmerged bodies. Finally, controlled reseavahich provides a structured

environment to investigate variables that affect this tedyyis an invaluable method to not

only understand how specific environmental variables will influence a sonar search, but also

allow search and recovery teams to gaituableexperience using the equipment in a controlled

setting. The nature of a coolled study provides knowledge and experience to the search and

recovery teams that they can apply in forensic searches. Additionally, controlled research

bestows the search and recovery teams with an understanding of the local variables that will

inhibit or facilitate forensic water search@hultz et al., 2006; Schultz, 2007; Schultz, 2008)
Entomological research has identified pig carcagSas scrofaas an appropriatgroxy

for human cadavers due to the similarity between human and pig desiionppatterns and the

ease of which a pig carcass can be obta(@adts EP, 1992; Goff, 1993Proxy cadavers are

often utilized in place of human cadavers for controlled research with geophysical methods

(France et al., 1992; France et al., 1997; Sehetlal., 2006; Schultz, 2007; Schultz and Dupras,

2008; Schultz, 2008; Dupras et al., 2Q1therefore, this research will utilize pig carcasses as a

proxy to human cadavers

Purpose

The research presented will address the applicability ofsside soar to detecting
submerged bodies usimmg carcasses gwoxy cadavers.This aspect of the research w(ll)
investigate the applicability of siegcan sonar to detecting submerdmamtliesin freshwater
ponds and lakes in a humid, subtropical environne@entral Florida(2) determine the best
collection parameter® employ when searching feubmerged bodies in freshwater ponds and

lakes in a humid, subtropical environmef®), determine how the statd decomposition affects
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the visibility of the rerains on sidescan sonar imagery, and (4) investigate the time interval in
which the sidescan sonar can detect submerged remains.

To complete this aspect of the research, the assistance of b@KC8@Marine Unit and
the OCSODive Team were enlisted, and therefore, data collection was scheduled asmimd
u n i dthérsresponsibilities. This limited the days available for data collection as well as the
time commitmento collect data. Therefore, when investigating the bel#ation parameters in
Phase 1, at least two of the possible four different sets of parameters were utilized, and if time
permitted, three of the four parameters sets were employed. Additionally, Phase 1 was
suspended from November 18, 2011 until January 2012 due to previously scheduled
responsibilities of OCSO Marine Unit.

Equipment malfunction proved to be another limitation. On the first day of Phase 2, the
equipment malfunctioned, and therefore, the high frequency transects could not bedollect
However, Brevard County Sheriffdos Office | oan
research. The OCSO sonar unit malfunctioned again at the end of this phase, causing all
transects to be collected with acoustic signals only sent out of tisgdiefof the towfish.

Additionally, the hurricane ground stakes were unable to secure the pig carcasses to the
bottom surfac@nce the pig carcass was bloatddence, in Phase Pjg 1Chad to be relocated,
and in Phase 2, all three pig carcasses hae tesubmerged. For Phase 2, each pig carcass was
secured with three half cinder blocks and returned as close as possible to their original location.
While this affected the decomposition process, since the pig carcasses were floating on the
surface otthe lake for 15 days, this provided valuable information loow to attach objects to

the bottom surface for further research studies.
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Finally, the location of the project was limited by tte¥ms and conditions provided by
the special use authorizatigni ven by St . Johnds Ri neeassaWat er M
conduct the research. A lake was difficult to locate, and limited the options for possible
scenarios. Special use authorizatiowmasgivenby t he St . Johndéds River
District for use of the borrow ponéh the Hal Scott Regional Preserve, but teems and
conditionshad additional limitations on the locations in the lake in which the pig carcasses could

be staked and the time interval in which the research could be conducted.

Materials and Methods

Researclsite

The research site is located on a borrow pond within the Hal Scot Regional Preserve in
Wedgefield, Floria (Figure7). St . Johnds River WattlonzedMsemfa g e me r
this site for the research proje¢APPENDIX A: SPECIAL USE AUTHORIZATION.

However, the terms and condition$ the permitlimited the area in which the pig carcasses
could be located to the south tihirds of the pondandlimited thetime interval in which the
research could be conductiedm August 17, 2011 to May 31, 20172 he research consisted of

two phases, each utilizing three pig carcasses.
Phase 1

In the first phase, three pig carcasses, weighing bet@@&82.2 kg(65-71 Ibs) were
staked in thredifferentlocations based on those frequently encountered by OCSO Marine Unit
deep(approximately 7 mwith a flat, sandy bottom surfacshallow(approximately 1.5 nwith
vegetationon the bottom surfagceand midrange (approximately 3.5 mwith a flat bottom
surface surroundedegetation, to investigate the effect of terrain on the visibility of features

using sidescan sonarFigurell shows the location of eaghg within the lakeandthe depths

38



markedin Table5. The pig carcasses in this portion were humanely euthanized and obtained
from Florida Hospital Nicholson Cemtéor Surgical Advancement, where they had utilized for
training in robotic surgery. Prior to submersion in this research, the pig carcasses were frozen at
0°F for 48 hours, and then thawed at room temperature for 72 h@etsveen 5 and 1 days,

one ofthe pig carcasse€lC) had pulled free from the stake and had tor&ecated and
reattached to the bottom surface. A half cinder block was employed in place of the hurricane
ground stake® secure the pig carcass to the bottom surface

Table5: Detailed information on each pig carca®s Phase 1

Submersion Pig Weight Depth (m) Scenario Designation
Date (kg/lbs.)

10/31/2011 29.5/65 7.31 Sandy 1A
10/31/2011 31.8/70 1.52 In vegetation 1B
10/31/2011 32.2/71 3.66/7.47  Surrounded by 1C

vegetation; then sandy
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Figure 11. Research site witlocation ofpig carcasse$or Phase Imarked;1GC; is the
secondary location dfC;

Phase 2
The second phase consisted of three pigs, weighing betve@b4.4 kg (13120 Ibs).

Larger pig carcasses were employed in this phase to assess thedhffeeéveen the two sizes,

as well as more closely represenmnadiumsizedhuman. The pig carcasses for this phase were
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humanely euthanized and obtaineadnh a local pig farm. In Phase 2, the pig carcasses were all
staked in a similar scenario to investigate the time interval in whickssale sonar can discern a
submerged body. Howevdretween 7 andl days submerged, all three pig carcasses haddpulle
free of the stakeand were floating on the lake surfac€he pig carcasses were reattached to the
bottom surface usinthreehalf cinder blockger pig carcassAs cinder blocks had not affected
the first phase of research, they were again employ#dsiphase.Figurel2 shows the location

of each pig carcass from the beginning of this phaseFande 13 shows the location of each
pig carcass after they were reattached to the lake bottom.

Table6: Detailed information on each pig carcass Phase 2

Submersion Pig Weight Depth (m) Scenario Designation
Date (kg/lbs.)

01/27/2012 54.4/120 7.47 Sandy 2A
01/27/2012 531/117 7.47 Sandy 2B
01/27/2012 51.3/113 7.31 Sandy 2C
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Figure 12. Research site witlocation ofpig carcassesor the first part of Phase tharked
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Figure 13. Research site witlocation ofpig carcasse$or Phase 2narkedafter they were
returned to the lake bottom on February 7, 2012

Data Collection

A Centurion Sea Scan dual frequency ssdan sonar towfish was employed for this
study (Figure 2). This sonar system received the second highest overall score frfBm U

Depart ment of Homel and Securityébs System As
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Responder$System Assessment and Validation for Emergency Responders, [23@%) on its
affordability, ease of use, portability, easy system setup, resilient equiparehtreadable
screen. The towfish could operate at either 900 kHz or 1800 &htz,a pontoon boat was
utilized to tow the sidscan sona(Figure3). The towfish was connected to the control unit via
a cable, and the towfish was towed from the front of the {f&igtre1). Additionally, a GPS
unit was connected to the sonar control unit to establish the GPS coordinates of the towfish.

On October 31, 2011divers investigated the lake bottom to determine dp&mal
locations for each pig carcas3hree locations were selected based on the scenarios frequently
encountered by OCSO Marine Unduch as in a shallow area with vegetation, near vegetation,
and on a flat, clear bottamAfter selecting locations, the pigs were tied with metallic cable to
hurricane ground stakes, and divers secured the stakes into the ground at thdocatrent
The geographical coordinates were noted using the GPS systém boat(Figure 3). After
each pig carcass was staked to the bottom;sgida sonar surveys were performed to locate the
pig carcasses. The transects weodlectedin two directions Transects for Pig 1A were
collected in the nortsouth and southorth directions while transects for Pig 1B and Pig 1C
were collected in the eastest and weskast directions. After relocation, transects for Pig 1C
were collected in thaorth-south and southorth directiongFigure14). Perpendicular transects
were not possible due to the width of the lakehis areaand the location of the pig carcasses.

In Phase 1, the best parameters for a body search were investigated. Therefore, transects were
conductedhat both the 10 m range and the 20 m range. Additionally, both the 900 kHz frequency
and the 1800 kHz frequew were utilized to provide a preliminary basis for comparison of the
frequency. Data collection occurred approximately every week for three weeks depending on the

schedules of OCSO Marine Unit. After three weeks, OCSO Marine Unit was unable to continue
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data collection until January 2012. However, the pig carcasses were scanned on January 27,

2012 before the skeletal elements were recovered.

10 m swath-width 20 m swath-width

Figure 14: SampleTransects from November 1, 201The light blue signifies th@wvath vidth;
the yellow signifies the path of the towfish.

For Phase 2, the three pig carcasses were staked along the same transect in-the north
south diredbn (Figure 12). The pig carcasses were tied to the hurricane ground stake in the
same manner as Phase 1, and divers staked the pig carcasses to firm ground. This phase
investigated the appropriate frequency for searches, and therefore, a 20 m swath width was
employed,but transects wereollectedat both frequencies. Again, each frequency included a

northrsouth transect and a sowtbrth transecfFigure15).
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900 kHz, 20 m 900 kHz, 20 m
both sides of the towfish both sides of the towfish

1800 kHz, 20 m 1800 kHz, 20 m
both sides of the towfish both sides of the towfish

Figure 15: Transectdrom February 16, 2018f Phase 2 Light blue signifies thewath width
and yelbw signifies the path of the t&ah.
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To monitor the decomposition of pig carcasses, divers were utilized to photograph and
describe the pig ceasses at each data collection. They were not deployed February 7 since each
pig carcass was on the surface, and divers were not available Februargdtéionally,
visibility was poor on April 17, and therefore underwater pictures were not takerthdut
remains were removed from the lake and the state of decomposition was observed.

Identifying thelocation of thepig carcasswith sidescan sonawas paramount to this
research. The pig carcasses were identified by several features: a contrasimgharehape of
a pig, a shadow in the shape of a pig, a feature with a line connecting it to the $bigadwing
the cable connecting the pig carcass to the bottom surface)feature with adisconnected
shadow (sigriying the feature was floating)A representative of each parameter was scored to
determinethe discernibility of the pig carcassWVhen scoring a sonar image, several features
were analyzed: the size and morphology of the shadow, the location of the shadow in relation to
the feature imce the pig carcass was floating, and the size and morphology of the features
present The pig carcass received a score of Mnexce
or if the shadow of the pig carcass could be discernible as a pig. A$cordigood o was (gi
images in which the features were not easily identified as a pig carcass, but were distinct from
the surroundings enough to be determined as a feature. Easily discernible was defined in several
ways: a distinct shadow, a feature afdhdow separated from the bottom surface, since the pig
carcass was floating, or a tight <cluster of f
there was a possible, but indistinct shadow or if the feature could not be definitively identified as
the pig carcassincluding a lack of a consolidated feature with little to no shad®owscore of
fin 0 nwas given to the pig carca#fsit was not visibleon the image When performing a

submerged body search, feat udde ss hva ulhd ab es croarek
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buoy and further investigated by the divers. However, if there are no features scored as
Aexcell entd or Agood, 06 then features scored

investigated by divers.

Results
Phase 1

The scores foPhase 1 are listed ifable 7, Table 8, andTable 9. Additionally, for
Phase 1, each transect was scored to determine piglearcass was within range or not within
range (Table 10). Pig 1A was discernible periodically throughout the data collection period
(Figure 17, Figure 18, andFigure19). Pig 1Bwas indiscernible throughout the data collection
period Figure20). Pig 1C was discernible initially and again after it was relocdgnie 21,
Figure22, andFigure23). Scored sonar imageseancluded in the appendiceSRPENDIX B:
SONAR IMAGES FROM PIG 1A APPENDIX C SONAR IMAGES FROM PIG 1Band

APPENDIX D: SONAR IMAGES FROM PIG 1¥
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Table7: Scoring table folPig 1Aof Phase 1

Date Frequency Swath width File Visibility
(kHz) (m)
10/31/2011 1800 10 310ct142 Good
10/31/2011 1800 20 310ct134 None
11/01/2011 900 10 01Nov027 Poor
11/01/2011 1800 10 01Nov049 Poor
11/04/2011 900 10 04Nov006 None
11/04/2011 1800 10 04Nov041 None
11/04/2011 1800 20 04Nov052 Poor
11/11/2011 900 10 11Nov011 Poor
11/11/2011 900 20 11Nov060 Good
11/11/2011 1800 10 11Nov026 Poor
11/11/2011 1800 20 11Nov069 Good
11/14/2011 900 20 14Nov005 Poor
11/14/2011 1800 20 14Nov027 Poor
11/18/2011 900 10 18Nov123 Poor
11/18/2011 900 20 18Nov012 Poor
11/18/2011 1800 10 18Nov029 Good
11/18/2011 1800 20 18Nov031 Good
01/27/2012 900 20 27Jan009 Poor

Figure 16. Images fronPig 1A 900 kHz,10 mswath width:a) November 1, 201Db) November
4, 2011 c) November 11, 2011) November 18, 2011.
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Figure 17: Sonar mages fronPig 1A 900 kHz, 20 m swathidth: a) November 11, 201b)
November 14, 201X) November 18, 2011.

Figure 18: Sonar images frorRig 1A 1800 kHz, 10 m swathkidth: a) October 31, 201,1b)
November 11, 201X) November 18, 2011
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Figure 19: Sonar images frorRig 1A 1800 kHz20 m swatlwidth: a) November 4, 201 D)
November 11, 201X) November 18, 2011
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Table8: Scoring table foPig 1Bof Phase 1

Date Frequency Swath width File Visibility
(kHz) (m)
10/31/2011 900 20 310ct114 None
10/31/2011 1800 20 310ct164 None
11/01/2011 900 10 01Nov088 None
11/01/2011 900 20 01Nov136 None
11/01/2011 1800 10 01Nov119 None
11/04/2011 900 10 04Nov076 None
11/04/2011 1800 10 04Nov113 None
11/04/2011 1800 20 04Nov132 None
11/11/2011 900 10 11Nov048 None
11/11/2011 1800 10 11Nov054 None
11/11/2011 1800 20 11Nov057 None
11/14/2011 900 20 14Nov094 None
11/14/2011 1800 10 14Nov099 None
11/14/2011 1800 20 14Nov087 None
11/18/2011 900 10 18Nov153 Poor
11/18/2011 1800 10 18Nov142 None
11/18/2011 1800 20 18Nov133 None
01/27/2012 1800 20 27Jan021 None
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Direction of Travel ——)

Figure 20: Sonar image of pig carcass 1B from November 1, 20ll&ctedwith 900 kHz
frequency, 10 m swathith, and acoustic signals transmitted out of the right side of the towfish
The pig carcass was not detected in the vegetation.
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Table9: Scoring table for Pig 1C of Phase 1. The pig carcassnecated on November 11,

2011.
Date Frequency Swath File Visibility
(kHz) width (m)
10/31/2011 900 20 310ct106 None
10/31/2011 1800 20 310ct160 None
11/01/2011 900 10 01Nov100 None
11/01/2011 900 20 01Nov130 Good
11/01/2011 1800 10 O1Novl126 None
11/04/2011 900 10 04Nov069 None
11/04/2011 1800 10 04Nov094 None
11/04/2011 1800 20 04Nov136 None
11/11/2011 900 10 11Nov059 Good
11/11/2011 1800 10 11Nov081 None
11/11/2011 1800 20 11Nov075 Poor
11/14/2011 900 20 14Nov078  Good
11/14/2011 1800 20 14Nov030 Good
11/18/2011 900 10 18Nov102 Poor
11/18/2011 1800 10 18Nov091 Poor
11/18/2011 1800 20 18Nov036  Good
01/27/2012 900 20 27Jan010 None
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Direction of Travel ——)

Figure 21: Sonar image oPig 1G collectedwith 1800 kHz frequency, 20 swathwidth, and
acoustic signals transmitted out of the right side of the towfl$te pig carcass was detected on
the edge of the vegetation, but the shadow was likely obscured by the vegetation.
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Figure 22: Sonar image oPig 1G at 900 kHz a) November 11, 2011, 20swath width;b)
November 14, 2011, 20 swath width;c) November 18, 2011, 10swath width Note that the
cable affixing the carcass to the ground staked the cable from the buoy marker were detected

Figure 23. Sonar images frorRig 1G at 1800 kHza) November 14, 2011, 20swath width;
b) November 18011,20 mswath width;c) November 18, 2011, 10swath width Note that
the cable affixing the carcass to the ground stake and the cable from the buoy marker were
detected.
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Table10: Out of range table

Date Distance In Out of Percent Out
(m) Range range of range (%)

11/01/11 10 11 10 48
11/01/11 20 3 1 25
Total 14 11 44
11/04/11 10 8 6 43
11/04/11 20 5 1 17
Total 13 7 35
11/11/11 10 8 1 11
11/11/11 20 7 2 22
Total 15 3 17
11/14/11 10 1 0 0
11/14/11 20 21 13 38
Total 22 13 37
11/18/11 10 15 13 46
11/18/11 20 7 0 0
Total 22 13 27
Overall 10 44 30 41
20 43 17 28

Total 87 47 54

Table11: Overview of sidescan sonar imagery results for Phase 1

Pig Overview of Sidescan Imagery Results

1A Visibility increased over time interval, with the 20 swath
width having the best visibility

1B Overall, this pig carcass was not visible, although one trar
was able to possibly detect the pig carcass floating

1G Poor to no visibility throughout the time interval

1G Good visibility throughout the tim interval, independent c
frequency andwath width

In Phase 1, scenarios that could affect submerged body detection as well as the best
parameters to detect a submerged body were investigated. Vegptatiented the detection of
Pig 1Bthroughout the time period, ariRig 1B was more scavenged during the data collection
interval due to the shallow location and its close vicinity to sh@igers encountered seéhell

turtles and fish scavenging the pig carcass after only one day messibn. Additionally, Pig
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1C was poorly detected in the beginning of Phase 1, even though it was on a flat area and only
surrounded by vegetation. However, oig 1Cwas relocated to clear, flat, sandy bottom, it
was easily discernible. Interestinglig 1A was also located on clear, flat sandy bottom, and
yet it was poorly visualized throughout data collection.

For Phase 1, the variable that most affected detection of the pig carcass wastthe
width, since the pig carcass was outside theearfga number of transect3.he size of the boat
and environmental conditions also likely influenced whether the pig carcass was in range, as the
pontoon boat was affected by windy conditions more than a smaller boat would be, and
therefore, navigating whin 10 m of the pig carcass on a windy day was more challenging than
the 20 mswath width Generally, the 20 rswath widthwas out of range less than the 10 m pig
car@ss.

Additionally when considering all the Phase 1 pig carcasséshe two frequenes
available, the pig carcasses were discernible 5 times with the 900 kHziames with the 1800
kHz frequency. While this is not a significant difference, it does suggest that the 1800 kHz
frequency provides a better image than the 900 kHz frequensmall bodies, such as those of

a child

Phase 2

For Phase 2, larger pig carcasses were employed to investigate the effect of frequency on
the discernibility of a feature, and to further investigate the effect of decompoaitidn
disarticulationon the discernibility of a featurever time If more than one image was collected
for each parameter, the clearest image was scofattle 12, Table 13, andTable 14 lists the
scores for Phase 2ZFigure 24 and Figure 25 are composite images of the scored transects from

Pig 2A Figure26 andFigure27 are composite images of the scored transects Rign2B, and
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Figure 28 and Figure 29 are composite images of the scored transects Rg®C Complete
sonar images are included in the appendié&PENDIX E SONAR IMAGES FROM PIG 2A

APPENDIX FE SONAR IMAGES FROM PIG 2Band APPENDIX G SONAR IMAGES

FROM PIG 2G
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Figure 24: Sonar mages fronPig 2A 900 kHz, 20 mswath width: a) January 27, 2012b)
February 2, 2012c) February 7, 2012d) February 16, 201,2e) February 28, 201,%) March
6, 2012 g) March 19, 2012h) April 2, 2012 i) April 17, 2012.Note that the cables affixing the
carcass to the half cinder blocks were detected.
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Figure 25. Sonar mages fronPig 2A 1800 kHz, @ mswath width:a) February 2, 2012b)
February 7, 2012c) February 16, 2012d) February 28, 2012e) March 6, 2012f) March 19,
2012 g) April 2, 2012 h) April 17, 2012 January 27, 2012 not collectedote that the cables
affixing the carcass to the half cinder blocks were detected. Also, the black arrow (g) paints to

possible half cinder bloclksed as a weight
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Table12: Scoring table folPig 2APhase 2

Date Frequency Swath width File Visibility
(kHz) (m)

01/27/2012 900 20 27Jan046 Good
01/27/2012 1800 20 Not collected
02/02/2012 900 20 02Feb018 Excellent
02/02/2012 1800 20 02Feb030 Excellent
02/07/2012 900 20 07Feb263 Excellent
02/07/2012 1800 20 07Feb273 Excellent
02/16/2012 900 20 16Feb005 Good
02/16/2012 1800 20 16Feb012 Good
02/28/2012 900 20 28Feb009 Good
02/28/2012 1800 20 28Feb011 Good
03/06/2012 900 20 06Mar012 Good
03/06/2012 1800 20 06Mar021 Good
03/19/2012 900 20 19Mar014 Poor
03/19/2012 1800 20 19Mar042 Poor
04/02/2012 900 20 02Apr008 Poor
04/02/2012 1800 20 02Apr033 Poor
04/17/2012 900 20 17Apr015 Poor
04/17/2012 1800 20 17Apr033 Poor
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Figure 26. Sonar mages fronPig 2B 900 kHz, 20 rswath width: a) January 27, 201RB)
February 2, 2012c) February 7, 2012d) February 16, 201,2e) February 28, 201,%) March
6, 2012 g) March 19, 2012h) April 2, 2012 i) April 17, 2012 Note that the cables affixing the
carcass to the half cinddlocks were detected. Also, the black arrow (f) points to a possible half
cinder block used as a weight.
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Figure 27. Sonar mages fronPig 2B 1800 kHz, 20 rawath width: a) February 2, 2012b)
February 7, 2012c) February B, 2012 d) February 28, 2012e) March 6, 2012f) March 19,
2012 g) April 2, 2012 h) April 17, 2012 January 27, 2012 data not collected for this frequency.

Note that the cables affixing the carcass to the half cinder blocks were detected.
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Table13: Scoring table folPig 2B, Phase 2

Date Frequency Swath width File Visibility
(m)

01/27/2012 900 20 27Jan047 Poor
01/27/2012 1800 20 Not collected
02/02/2012 900 20 02Feb010 Excellent
02/02/2012 1800 20 02Feb042 Excellent
02/07/2012 900 20 07Feb®6 Excellent
02/07/2012 1800 20 07Feb277 Good
02/16/2012 900 20 16Feb006 Good
02/16/2012 1800 20 16Feb013 Good
02/28/2012 900 20 28Feb008 Excellent
02/28/2012 1800 20 28Feb012 Good
03/06/2012 900 20 06Mar012 Good
03/06/2012 1800 20 06Mar006 Poor
03/19/2012 900 20 19Mar016 Poor
03/19/2012 1800 20 19Mar031 Poor
04/02/2012 900 20 02Apr010 Poor
04/02/2012 1800 20 02Apr024 Poor
04/17/2012 900 20 17Apr006 Poor
04/17/2012 1800 20 17Apr035 Poor
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Figure 28. Sonar mages fronPig 2C 900 kHz, 20 rswath width: a) January 27, 201;2b)
February 2, 2012c) February 7, 2012d) February 16, 201,2e) February 28, 201,%) March
6, 2012 g) March 19, 2012h) April 2, 2012 i) April 17, 2012 Note that the cables affixing the
carcass to the half cinder blocks were detected.
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Figure 29: Images fronPPig 2C 1800 kHz, 20 mmwath width: a) February 2, 2012b) February
7, 2012 c) February 16, 2012d) February 28, 2012¢e) March 6, 2012f) March 19, 20129)
April 2, 2012 h) April 17, 2012 January 27, 2012 data not collected for this frequemdgte

that the cables affixing the carcass to the half cinder blocks were detected.
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Table14: Scoring table for 2C, Phase 2

Date Frequency Swath width File Visibility
(kHz) (m)

01/27/2012 900 20 27Jan049 Excellent
01/27/2012 1800 20 Not Collected
02/02/2012 900 20 02Feb012 Excellent
02/02/2012 1800 20 02Feb034 Excellent
02/07/2012 900 20 07Feb262 Good
02/07/2012 1800 20 07Feb276 Good
02/16/2012 900 20 16Feb006 Good
02/16/2012 1800 20 16Feb015 Good
02/28/2012 900 20 28Feb005 Good
02/28/2012 1800 20 28Feb013 Good
03/06/2012 900 20 06Mar013 Good
03/06/2012 1800 20 06Mar006 Poor
03/19/2012 900 20 19Mar006 Poor
03/19/2012 1800 20 19Mar039 Poor
04/02/2012 900 20 02Apr014 Poor
04/02/2012 1800 20 02Apr026 Poor
04/17/2012 900 20 17Apr009 Poor
04/17/2012 1800 20 17Apr024 Poor

Table15: Overview ofsidescan imagery results fé*thase 2

Pig

Overview of Sidescan Imagery Results

2A

2B

2C

Overall, this pig carcass was detected throughout the time interval, indepenc
frequency. Howeve, after 52 days submergetircass scoredsd poor 0 d
lack of a consolidated feature and little to no shadow

Overall, this pig carcass was detected throughout the time interval, indepenc
frequency. However, after 39 days submergedycass scoredsdi p o o r 0
1800 kHz freqency and after 52 days scoreglfap o or 0 wi t h t he
due toa lack of consolidated feature and little to no shadow

Overall, this pig carcass was detected throughout the time interval, indepenc
frequency. Howeve, after 81 days subenged,carcass scorecsdi poor 0 d
lack of a consolidated feature and little to no shadow.

images with the 900 kHzfe quenc y

k Hz

In Phase 2, the pig carcasses were visible throughout the data collection.

frequency scored an 6éexcellentdé only
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does suggest that the 900 kHz frequency provided better quality images and increased the
discernibility of the pig carcass.

Additionaly, Phase 2 evaluated the decomposition of pig carcasses in shallow lakes and
ponds in a humid, subtropical environment in Central Florida. Despite similar temperature and
depth conditions, each pig progressed at a different rate, and different pdméspid tcarcass
were affected.Pig 2A decomposed faster than pigs 2B and 2C, although 2C was more heavily
scavenged than the other two pigBig 2B maintained buoyancy even after the spinal column
was visible, whilePig 2Cwas heavily scavenged, but shaltbe least amount of decomposition.
Interestingly, pigs 2A and 2B were barely affected by scavengeen though all three pig

carcasses were in similar environments.

Decomposition

In Phase 2, the decomposition of the pig carcass wasiable invesgated Therefore,
it is important to document the changes in each pig carcass to correlate the decomposition rate
with the visibility of the pig carcass.Figure 30, Figure 31, and Figure 32 demonstrate the
decomposition process of each pigisibility was highly variable, and therefore, only the dates
in which the pig carcass was visible are present®d. April 17, when the pig carcasses were
recovered, the visibility was poor, but the remains were returned to the boat. On this date, the

pig carcasses were skeletonized, although small amounts of tissue remained around the torso.
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Figure 30: Progression of dcomposition of pig carcass 2A over timgFebruary 2, 2012b)
February 28, 2012c) April 2, 2012 Note pig carcass is floating in representative images.
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Figure 31: Progression of dcomposition of pig carcass 2B over time: a) February 2, 2012
February 28, 2012c) March 6, 2012d) March 19, 2012e) April 2, 2012.Note pig carcass is
floating in representative images.
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Figure 32 Progression of dcomposition of pig carcass 2C over timgMarch 6, 2012b)
March 19, 2012c) April 2, 2012 Note pig carcass is floating in representatineges.

Despite thehumid, subtropical environmenthe decomposition of the pig carcasses
followed Barrios and Wolff(Barrios and Wolff, 2011¥tages of decompositiqiTable 16). Pig
carcasses 2A and 2C progressed at a similar rate, although diver observations n@tigd2hat
was decomposing slightly faster. A decomposition rate could be determined by evaluating diver
observationsand using photographs taken by the divers when possiklach pig carcasses
progressed through the stages of decomposition at a similarTiae (7). Based on wer
observations, whin 6 days of submersion, all three pig carcasses were floating with the dorsal
aspect towards the surface due to the manner in which the pig carcasses were secured to the
bottom surface. No scavenging was visibBetween 511 days all three pig carcasses had

pulled free of their attachments and had to bse@ured to the bottom surface. After 32 days of
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submersion, the soft tissue Big 2A appeared shreddeRBig 2Bwas bloated, but still intact, and

Pig 2Cwas missing the majay of its abdominal cavity and apaesd to be scavenged. After 52
days of submersion, the internal organsPaf 2A were gone and the carcass was no longer
floating. It was mainly some soft tissue, but the majority was skeletonized. The spinal column
of Pig 2B was visible, but the carcass still maintained some buoyaiiy.2C had the least
amount of decomposition, although the facial organs were missing. On the final day of data
collection, after 81days of submersion, each pig carcass was skeletbramd disarticulated,
althoughPig 2Bstill had some soft tissue present around the thorax.

Table16: Stages of decomposition adapted from Barrios and Wolff (2011)

Description

Stage Time Interval
Submerged fresh 1-5 days
Early floating 6-17 days
Floating decay 18-40 days
Bloated 41-48 days

deterioration

Floating remains 49-60 days
Sunken remains 61-74 days

Intact, rigor mortis present, not floating

Lividity present in abdominal region, discoloration
present, abdominal bloating, and carcass floating
Discoloration of hind limbs, abdominal cavity ruptures
Rupture of soft tissue as gas is released, carcass still
floating, although the majority of the soft tissue has
collapsed on itself

Only abdominal parts of carcass floating

Complete skeletonization

Tablel7: Data collection date in which each pig progressed was observed at the decomposition
stagebased on diver observation and photographs.

Decomposition 2A Submersion 2B Submersion 2C Submersion
stage Interval * Interval * Interval *
Submerged 01/27/2012 0 days 01/27/2012 0 days 01/27/2012 0 days
Fresh

Early floating  02/02/2012 1-6 days 02/02/2012 1-6 days 02/02/2012 1-6 days
Floating decay 02/28/2012 21-32 days 02/28/2012 21-32 days 02/28/2012 21-32 days
Bloating 03/06/2012 33-39 days 03/06/2012 3339 days 03/06/2012 33-39 days
deterioration

Floating 03/19/2012 4052 days 03/19/2012 4052 days 03/19/2012 40-52 days
remains

Sunken 04/17/2012 67-81 days 04/17/2012 67-81 days 04/17/2012 67-81 days
remains

*  Submersion interval provided based on data collection dates since time restraints prevented daily observation.
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Discussion

The results of this research indicate several important considerations for the application
of sidescan sonar to detect submerged remains including: size of the body, terrain of the
waterway, time limitations, swath width size, and frequency of the towfistthase 1, the best
parameters for conducting a forensic water search were investigated. Two variables that
significantly influenced the success of the searches in Phase 1 were thewsithtbf the
towfish and the location of the pig cass. Atherton (2011) suggests a swath width that
accounts for the smallest dimension of the body. Therefore, when searching for an adult body,
the swath width should be no more than 25 m. In this project, 10 m and 20 m swath widths were
compared, both under the rimum suggested swath width recommended by Atherton (2011).
The first variable, swathvidth, affected the ability of the search team to maintain a transect
within range of the pig carcass. The pig carcass was more likely to be outside thefriduege o
sonar with the 10 m swath width than the 20 m swaitlth. Therefore, when searching for a
submerged body, the 20 swath widthshould be employed. The 20awath widthprovides the
best compromise between distance and discernibility.

The location of the pig carcass also influenced the detection of the pig carcass.
Vegetation inhibited detection, while a sandy, flat terrain facilitated it. If remains are located
close proximity to vegetatigrsidescan sonar will not be able to clisn the remains from the
surrounding vegetation; therefore, another search technique should be employed. However, if
the remains are located in a clear area or on a sandy btti®epntrast of the remains with the
surrounding terrain wilfacilitate deection of the remains.

In Phase 2, the effects of decomposition on the discernibility of the pig careasstse

effects of size on the detection of submerged bodlérs studied.Bodies decompose at a slower
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rate in water than on land, and bodiesfreshwater decompose faster than those in saltwater
(Rodriguez, 1997; Petrik et al., 2004)hile water environments typically inhibit insect activity
(Petrik et al., 2004)a variety ofscavengertiave been observed feeding on submerged bodies,
including crustaceans, fish, and turtles (Petrik et al., 2004; Barrios and Wolff, 2011). In Phase 2,
scavenging was likely present, but could not be confirm@&throughout the data collection
period the pig carcassesf Phase 2vere visible. However, as decongii@don proceeded, the
morphology of thepig carcass on the sonar imageuld changebased on decomposition and
disarticulation For example, the carcass began as a feature on the Ilsoitiace progressed to

a floating feature with a distinct pghapedshadow, then théoating feature and shadow no
longer maintainedthe morphology of a pig, and finally, the image appearedtaghiacluster of
featureswith little to no shadowaround the central locationEven when the pig carcass was
skeletonized angartially disarticulated, it could be discerned on the sonar ijrageit poorly
Therefore, submerged remains approximately the size of a human adult can be detected
throughout the decomposition process as long as the operator can recognize the various
manifestations of the decomposing remains on the sonar images.

Additionally, the size of the remains will affect the decomposition estatnd
consequenththe sonar image Larger bodies will create more reflection amsad retain their
distinct morpholgy longer. Hence the larger the body, the easier it will be to discern on the
sonar image When comparing the small carcasses from Phase 1 to the medium carcasses from
Phase 2 the effects of size can be analykgglife 33). After 11 days submerged, Pig 1A was
visible, but neither the feature nor the shadow was distinct. However, Pig 2A was distinctly a
pig carcass and the shadow had the same morphologyi@Béter 11 days submerged. After 18

days submerged in Phase 1, the pig carcass feature was barely visible, but the shadow was still
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distinct. For Phase 2, after 20 days submerged the pig carcass feature was still visible, and the
shadow was distinctAlso, scavenging wilaffect decomposition state, and must be considered
Divers noted scavengers such as-sbéll turtle (species not noted) and small fish. Moreover,

an otter was observed in the borrow pond, and alligators inhabit most freshwagexayatin

Florida, although none were observed during data collectioi®hase 2, all three pig carcasse

were in a similar environmenyet the decomposition of each pig carcass was concentrated in
different regions Since decomposition affects the niastation of the feature and shadows on

the sonar image, a thorough understanding of the size of the target, as well as the time interval

for submersion and the scavengers present will aid searchers in identifying the remains.

Figure 33: Comparison of sonar images for each phase by submersion time; all images are 1800
kHz, 20 mswath width a) Phase 1, 11 days submerged; b) Phase 2, 11 days submerged; c)
Phase 1, 18 days submerged; d) Phase 2, 20 days submerged.

Another variab# that should be considered when conducting a forensic water search is
the frequency of the towfish. Lower frequencies have less resolutidtherton (2011)

recommends a frequency of at least 400 kHz for submerged body searches, and the frequencies
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utilized in this project were significantly larger than those suggested by Athéttwever, br
this research project, there was only a slight difference between the visibility of the pig carcass
with the 900 kHz frequency and the 1800 kHz frequerayPhase 1, with smaller carcasses, the
remains were more visible with the 1800 kHz frequemtyt in Phase 2, with larger carcasses,
the 900 kHz frequency provided better images of the remains. Moreo®hase 2, the 900
kHz frequency Btcomeed Wkixiceltitleat 800 kHz fr equ:
4 times. Therefore, the 900 kHz frequency would be a better option for searchi® for
submerged bodiesf medium sized carcassesut the 1800 kHz frequency would be a better
option when searchg for small carcasses

Moreover, vihen comparinghe image quality betwedPhase 1 to Phasethe images for
Phase 2 werroticeably better, as reflected by the scores for each phase. The difference between
Phase 1 and Phase 2 can be attributed tovaniables. One, over time, the personnel involved
in this research project became more experienced in the operation ebriae as well as
navigating the boat. Two, the pig carcasses in Phase 2 were larger, provided a larger feature for
the sonar to locateBoth of thesevariables increased the success of Phase 2, and viaeisdles
must be understood when beginning a cglearOperator experience, driver experience, and size

of the body all significantly affect the success of a search.

Conclusion

When utilizing sidescan sonafor a search for aubmerged bodin shallow, freshwater
lakes or ponds in humid, subtropical @omments severalariables must be considered. First,
the terrain of the lake must be investigabedore beginning a search to determine if sooaildc
be applicable to the lake If the possible location of the body is in vegetation, other search

tecmiques should be investigated. However, if the lake bottom is clear, sonar could be a useful
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search option Depth fluctuations can also affect the success of a search, although an
experienced sonar operator can often counteract this challenge.

The expeience of the sonar operator and boat driver can significantly affect the success
of the search as well. The difference between Phase 1 and Phase 2 illustrate the learning curve
of both the sonar operator and the boat driver. Even though the OCSO Naitnéad
significant training prior to Phase 1, all members benefited from the consistent use of the sonar
unit. Moreover, the success of Phase 2 can be attributed to the experience obtained from Phase 1
of the research. Therefore, operators and drisamuld train with the sonar unit at regular
intervals to ensure their familiarity with the sidean sonar prior to a search for a submerged

body.
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CHAPTER FOUR: OVERVIEW OF RESULTS AND GUIDELINES FOR BEST
PRACTICES FOR THE USE OF SIDE-SCAN SONAR IN FORENSIC CONTEXTS

Introduction

Due to an increase in the incorporation of ssdan sonar into forensic water searches,
standardsnustbe established in order to increase the succes$ordteating submerged bodies
and evidencavith this technology Controlled research mninvaluablemethodfor determining
the variables influencing the effectiveness silescan sonafor forensic contextas well as
providing invaluableexperience for those operating the sonadditionally, an understaing of
the best parameters for forensic searches is necessary for efficient and sucessshes
Controlled researcprovides a structured environment in whitle best practices for the use of
this technologycan be establishe(Schultz et al., 2006; Schult2007; Schultz and Dupras,
2008; Schultz, 2008) Additionally, controlled researgtrovides experience for the operators as
well as determinevariables that will increase the success of a search. Since there is a lack of
literature on controlled resedwr@mploying sidescan sonar, it is paramount to investigate the
advantages and disadvantages of this technique for forensic contexts prior to utilizing it for

forensic searches.

Guidelines for Best Practices

The increased use of sidean sonar in foraic contexts calls for standardized practices
of use and a thorough discussion on when-sa sonar can be effectively utilizeBigure 34

provides a flow chartfowhen to use sidecan sonar and the appropriate parameters to utilize.
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When conducting a water search with ssdan sonar, the nature of the terrain should first be
considered. A quick pass over the suspected area with the sonar can provide valuable
information on the terrain and help determine the effectiveness e$catesonar, and preclude
the use of sonar if vegetation is present. Moreover, fluctuating or sloping terrain can also create
challenges for the sonar operator. Understanding the slbple terrain allows the sonar
operator to better search the area, and as the search proceeds, the sonar operator can predict the
changes in elevation and adjust the depth in advance.

Once the necessary parameters are established for the sonar aesaaich area should
be established. While the sonar unit has the capabilities of denoting a search area, OCSO Marine
Unit has found that the search area within the sonar unit is not as reliable, and it is more difficult
for the boat driver to align traects off of the sonar unit. Instead, buoys can be employed at the
corners of the search area. This allows the boat driver to align each transect off of the buoys and
ensure that the entire search area is covered. The sonar operator should use thensonar s
plotter to provide another method to ensure the entire search area is covered. Each transect
should overlap approximately 50% of the previous tranégtiterton, 2011) By providing
overlap, a suspected target will be visible at least twice.s provides multiple views of the
target. Additionally, after a target is discerned, a buoy should be deployed over the target to

mark the suspected location and divers should further investigate the(Veggtog, 2011)
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Water Search

Submerged
Metallic Evidence

Vegetation Small- medium

Divers, GPR, Sidescan Sonar,
water serach dogs 900 kHz, 20 m Terrain
swath width

Medium - Large

Small body body

Sidescan sonar,
900 kHz, 20 m
swath width

Sidescan sonar,
1800 kHz, 20 m
swath width

S

Clear, flat Suboptimal

Divers,
magnetometers,
possibly GPR

Divers,
magnetometers,
possibly GPR

SideScan Sonar,
900 kHz, 20 m
swath width

S

Figure 34: Flow-chart for the use of sidecan sonar for submerged body searches and
submerged evidence searches

Swath Width Comparison

For initial searches, the most efficient swath width should be employed to minimize time,

and yet ensure that thargetis still discernible. This research focused on the appropriate swath

width for searches for small to medium cadavers, using pig carcasses as proxy cadavers. Since

the swath width can affect the size of the feature on the monitor, the size of the featube mu

considered when determining the appropriate width. Smaller features should utilize a smaller

swath width while larger features can employ a largesath width Additionally, the size of the
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search area should bevariable when determining the swa width. Larger swath widths
minimized the number of transects negdetlich also minimizes the time required to search
Therefore,when there are time consideratioti®e largest swath width that can detect the target
should be employed.

Of the twoswath widths investigated, the 20 m width was most appropriate for searches
for submerged bodies ifieshwaterlakes and ponds in a humid, subtropical environment in
Central Florida. Although the feature appears small on the monitor, the 20 m widthteein de
submerged remains, including bodies as small as a child, while minimizing the number of
transects necessary to search for the remamasstill maintaining the suggested 50% overlap
(Atherton, 2011) For this researchleven experienced drivers hadfidulties navigating the
sonar within D m of the targetas the majority of transects that were out of range were of the 10
m swath width A 50% overlap of each transect would be extremely challenging to navigate due
to the size of the boat as well as #nvironmental conditions present, such as widdnce, a 20

m swath widthshould be utilized when searching for submerged bodies.

Frequency Comparison

Of the two frequencigesthe 900 kHz frequency was marginally better at detecting
submerged remaintan the 1800 kHz frequendgr larger carcassesFor smaller bodies, the
1800 kHz frequency was able to discern the remains more oftegeneral, both frequencies
were able to detect submerged remains, but the 900 kHz frequency provided a motéveistinc
image than the 1800 kHz frequency. However, employing both frequencies will assist in
identifying a target, as each frequency provided a different image. For a fwaactubmerged
adult body the 900 kHz frequency should be utilized, but the 1889 frequency can provide

better resolution when differentiating between two possible features. Therefore, initial searches
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should be conducted utilizing the 900 kHz frequency, but when posaigletsare located the
1800 kHz frequency should be enmydal to further investigate the targéta more detailed

image of the anomaly is neededor to deploying divers.

Conclusions

Sidescan sonar is a viable tool for forensic water searches. While additional research is
necessary to determine the applitigbiof this technology to forensic evidence searches,-side
scan sonar has proven to be an excellent tool for detecting submerged bodies in a humid,
subtropical environment. Although the vegetation and terraiof the waterwaymust be
considered prior toearching, if the necessary conditions are satisfied,-sside sonar can
reduce the manpower required to search for a submerged body, locate the body faster, and
identify the body despite inclement conditions. Utilizing the 900 kHz frequency and a 20 m
swath widthwill be the most efficient and effective parametersearch for a submerged body

Additionally, the experience of the sonar operator and boat driver can affect the success
of a search. Therefore, periodic training with the equipment is sege ensure each person
has enough experience to not only conduct a search, but locate a submerged body. As this
research has illustratethe morphology obodies carchange based on a number of variables
and therefore, an understanding of the béeatures will help the operator identify a submerged
body. Moreover, operators must be able to distinguish between normal features of a lake, such
as fish or alligators, and the target. Experience provides the operator the necessary skills to
differentiae between targets and other features of the lake.

A thorough understanding of the advantages and disadvantages -staidsonar, as
well as the conditions necessary to conduct a successful search are paramount to an efficient and

effective sidescansonar search. This research has establiieelest practices for locating a
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submerged body in shallow freshwater lakes and ponds in a humid, subtropical environment in
Central Florida. Additional research in other environments will provide valualolemation on
othervariables that affect sonar searches. Moreover, additional research in a variety of settings
will aid in the understanding of the applicability of s&lgan sonar to forensic evidence searches.
Finally, a comparison of sidgcan sonar wh other geophysical methods could provide a
reference to assist law enforcement agencies on choosing the appropriate geophysical tool when
conducting a forensic water search.

Sidesscan sonar is a practical technology to utilize for forensic water ssarahd as
more law enforcement agencies purchase this technology, a thorough understanding of sonar and
the variables that affect the success of a sonar search are necessary. This research has
established best practices for the use of-s@n sonar irshallow lakes and ponds in humid,
subtropical environments in Central Florida, which will aid law enforcement agencies in the area

when conducting forensic searches.

84



APPENDIX A: SPECIAL USE AUTHORIZATION
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